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Abstract

During the last decades there has been an increase in the generation of solid wastes in
the world, in developing countries the situation has been specifically critical since in
many cases there is no adequate treatment for the solid waste due to the scarcity of
the resources and to the poor conscience of the real situation and possible
consequences. This document presents the composting method as a suitable
alternative for the treatment of solid waste in developing countries considering that
its costs are not so high and that the composition of the solid waste is mainly organic.
The analysis was based on a current literature review and on the study of some cases
of composting projects, according to the results an operational guideline for the
development of composting projects in developing countries was proposed. The
guideline is composed of two main cores: the planning system and the evaluation
system. The planning system supports the development of a composting project and
the evaluation system is a base for the comparison of performance between different
future cases.

Keywords: composting, developing countries, municipal solid waste management,
operational guideline, evaluation system, planning system.



Sommario

Negli ultimi decenni si e registrato un aumento della produzione di rifiuti solidi nel
mondo, nei paesi in via di sviluppo la situazione e risultata particolarmente critica
poiché in molti casi non esistono sistemi di un trattamento adeguati per i rifiuti solidi,
tale mancanza e dovuta alla scarsita sia di risorse che di conoscenza di base connessa
alla situazione locale reale e le possibili conseguenze. Questo documento presenta il
metodo di compostaggio come una valida alternativa per il trattamento dei rifiuti
solidi nei paesi in via di sviluppo poiché i suoi costi risultano contenuti e la
composizione dei rifiuti solidi & prevalentemente organica. L’analisi si & basata sulla
letteratura corrente e su alcuni casi di progetti di compostaggio, in base ai risultati
dell’analisi viene proposto una guida operativa per lo sviluppo di progetti di
compostaggio nei paesi in via di sviluppo. La guida sviluppa due linee di base
principali: il sistema di pianificazione e il sistema di valutazione. Il sistema di
pianificazione supporta lo sviluppo del sistema di compostaggio, il sistema di
valutazione rappresenta una base per garantire il confronto delle prestazioni tra i
diversi casi futuri.



Introduction

In the last years, the increase of generation of solid wastes in the world has enlarged
the interest on the development and usage of clean technologies to handle the solid
waste in an appropriate way. The specific context of the developing countries
generates some restrictions on the usage of adequate technologies since the economic
resources are scarce, the education of the population is poor and there is no
conscience about the consequences of a poor management of Municipal solid waste.

Knowing this, it is seen that there is a need of finding suitable alternatives to manage
the solid waste in developing countries. Consequently, in this document, the
composting process is presented as a feasible technology to handle the organic
fraction of the municipal solid waste if factors such as the cost, the composition, the
flexibility on the size and technology and the ease of conducting the process are taken
into account.

The definition of the problem, the analysis of the context and the presentation of the
composting process with its most significant variables are developed in the first two
chapters. Later, in the third chapter some cases of composting projects in developing
countries were studied, the idea was to understand how the projects were done, what
they have done and the problems they faced during the lifetime of the projects; on this
analysis it was found that there was a lack of a specific guideline that involved all the
aspects and dimensions that projects like these might have.

Therefore an operational guideline was designed based on the literature review and
on the analysis of the cases. This operational guideline is divided in two main cores
which are the planning system and the evaluation system, the planning system
attempts to cover all the facets that are present during the planning and design
process of a new composting facility; on the other hand, the evaluation system gives a
tool to measure the performance of a composting project and the opens a new
possibility of comparison between different projects.
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Objectives and methodology

General objective

The general objective of this thesis is to develop a operational guideline framework
for a composting project in a developing country taking into account all the aspects
and dimensions that should be considered when planning or evaluating a composting
facility.

Methodology

In order to develop an operational guideline, the methodology reported in Figure 1
has been followed.

o State of the art
« Definition of the problem
« Analysis of the context
« Overview of possible solutions
. « Selection of solution: composting
therature » Composting parameters
: « Performance indicators
review
« Presentation of the cases of composting
« Analysis of the cases and results
Study of
cases
 Planning system
 Evaluation system
Operational
guideline

Figure 1: Methodology

1. The literature review: At first the worldwide scenario of the municipal solid
waste was studied with a specific focus on developing countries, then the study
and comparison of the treatments as possible alternatives permitted to verify
the suitability of composting process for the specific context of the developing
countries. After it was found that composting might be a feasible alternative, a

11



deeper research about composting process was done, trying to identify the
most important parameters and variables, moreover, other characteristics and
possible composting technologies were studied in order to present a complete
overview of the process. Finally, when it was identified that there was a lack of
evaluating system for solid waste composting projects an investigation was
performed in order to know and define some indicators that could be used or
were being used for other purposes or technologies and that could be adapted
to composting systems. The whole process of literature review was done
through the investigation and research of several indexed papers and books.

Study of cases: the study of cases was done through the research of composting
projects that had been carried out in developing countries, the main idea was
to analyze them and understand their successes and mistakes, which would be
used as reference for the design of the guideline framework.

Operational guideline: The operational guideline was designed based on the
literature review and on the study of the cases; with the conclusions of both of
them it was possible to identify the two main cores of the framework and its
subsequent aspects.

12



Municipal Solid Waste Management in developing countries

State of the art

Definition and history

According to the first Framework Directive on Waste (75/442/EC), as cited by
Vasiljevic-Shikaleska A. (2014), waste is “any substance or object or, more generally,
any movable good that the holder has discarded, intends to discard or must discard”
because of, for example, its hazardous properties (Eionet, 2013). Furthermore, waste
is, an inevitable result of every human activity that will continue until a conscious
effort is made. In this sense, waste has always been a part of human history, especially
given the fact that it cannot be destroyed but only transformed from one form to
another (Rushbrook, Prerequisites for Successful Implementation of Landfill Guides,
2014). This is important because society’s proximity to waste dumping areas and sites
has always had a negative impact on human wellbeing, a fact that had been ignored
for many years because of the multiplicity of other factors that have had a more direct
and influencing negative effect on the life expectancy of the population. In this way,
waste only became a cause of concern when communities started to develop into
towns and the population density increased, leading to the accumulation of waste in
proximity to the people. This, in turn, led to the first efforts on human health
protection, efforts that were mainly focused on sewage and water treatment as the
clearest link between waste and health. In terms of solid waste management though,
the turning point only came by the end of the 19th century as public health laws were
passed and a more organized collection of wastes was instated (Rushbrook, Society's
Torment with Waste: one person's view, 2014) and the treatment became systematic.
Nevertheless, although this can be considered the turning point in refuse treatment,
specific research on waste management only came years later.

The first thirty years of research on waste can be divided in three separate decades
starting in 1970 with the Age of Enlightenment, when a clear data collection plan over
dumping sites was organized in order to understand the situation at the time. Based
on this age, the second decade, the Age of Understanding, was characterized by the
constant discovering of the processes of decomposition, contamination control and
the involvement of technology in waste-specific processes. In turn, this knowledge
gave way to the Age of Regulation in the 1990’s when new rules and laws were passed
in order to protect both the environment and the general population (Rushbrook,
Society's Torment with Waste: one person's view, 2014).

Within these years of research several waste categories were established (i.e.
municipal, industrial, hazardous, agricultural waste) with their own specific
characteristic and treatment methods. This paper however, will focus only on
municipal solid waste, which is “generated by households, commercial activities and
other sources whose activities are similar to those of households and commercial
enterprises” (Eionet, 2013) as it represents the refuse generated in human daily
activities. Furthermore, it is worth noting that within the scope of this municipal solid
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waste there are also differences between urban and rural waste as the former is
produced in greater quantity than the latter due to the greater population density in
cities and the higher level of consumption. In this way, the wastes themselves also
vary as rural waste is mainly composed of organic material, while urban waste has
greater percentages of other materials such as plastic or metal. It is also because of the
population density that urban areas count on a more established and well-run
sanitation system than rural areas as the proximity of people to waste (especially non
organic) is considered a greater hazard than on a low population density area.

Generation

Figure 2 below shows the world production of municipal solid waste by country as of
2012 and the expected production by region for 2025. As can be seen from the map,
developed countries have a higher per capita production than developing countries,
which leads to the idea that waste production is proportional to the income level of
the country.

WSW PRODUCTION BY REGION
{tons per day)

2012

B s
SCALE
100,000 tons per day
& [ I
s R0t MO
' = NTRAL ASIA
- >
WSS J
MDA g -
AND NORTH AF ¥
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ARRICA “
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MSW PRODUCTION 3Y COUNTRY, 2012 JAND CAR BBZAN REGION
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[ B 1-149
. 2-289 05-099 SOUTH AFRICA REGION e /’,

[ JERC) 0-049

Figure 2. World Production of Municipal Solid Waste

To further examine this idea, Figure 3 shows the total daily waste production for 2010
and its prediction for 2025 separated by income level. It can be seen how the high-
income countries are currently the greatest producers of waste, generally as a
consequence of their higher economic activity (Shylajan & Bhattacharjya, 2007), but
will be highly surpassed by 2025 by the lower middle-income countries. It is also
important to note how the increase in waste generation over the 15 year prediction
span, relative to the income level, is inversely proportional to the income of the
country: 13.95%, 46.34%, 159.08%, and 184% respectively. In this way, the increased
challenges faced by lower-income countries with respect to high-income countries
become evident; low-income countries face increased difficulties because of lack of
awareness, knowledge, and funds (Cherian & Jacob, 2012).
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Figure 3. Waste Generation by Income Group. Source: (Hoornweg & Bhada-Tata, What a waste : a global
review of solid waste management, 2012)

[t is important to note that although high-income countries are not projected to be the
largest producers of total waste generation by 2025, their position is maintained in
terms of yearly per capita generation, as can be seen in Figure 4. Still, this latter group
of countries represents the lowest relative generation increase, 8.11%, while the
lower-income countries represent the greatest with 56.62%.

Municipal Solid Waste per Capita Generation by Income
Group

1000

800

777 840
628
. 343 344 423 B
400 219 288 [ ®2010
i | [
0

Lower income Lowe middle Upper middle Highincome
income income

Waste generated
(kg/person/year)

Income Group

Figure 4 Municipal Solid Waste per Capita Generation by Income Group
Source: (Hoornweg & Bhada-Tata, What a waste : a global review of solid waste management, 2012)

15



Although officials in both developed and developing countries have been looking for a
way to balance waste minimization, recycling, and discarding, SWM (Solid Waste
Management) in developing countries has received less attention than, for example,
air and water pollution and climate changes (Shylajan & Bhattacharjya, 2007). This
behavior can be explained by the alternative views in environmental experiences as
seen by politicians and society. From the political point of view, priorities are
arranged according to the real benefit the people will receive, while society’s
priorities are arranged according to the perception of the benefit. In other words,
people’s perception of the importance of helpful actions toward disease reduction
only, causing a disparity in priorities between the policymakers and the public. As a
result, the elected officials’ priorities have to shift in order to meet the general
interests of the electorate (Macfarlane, 1996).

Composition

Besides the difference in waste generation quantities, there is also a big difference in
the composition of municipal solid waste between the high-income and the low-
income countries. As it is possible to see from Figure 5, the percentage of organic
waste decreases as the wealth of the country increases. In this way, organic refuse
represents more than half the total quantity for middle and lower income countries,
and only 30% for high-income countries. The opposite behavior can be seen with the
percentage of paper waste generated as it decreases monotonously with the
countries’ income. It is important to note that the percentages do not represent
quantities so, for example, 50% organic waste in lower-income countries is less
quantity than 30% organic waste in higher-income countries for the 2010 data, as can
be seen in Figure 6 (“others” represent textiles, rubber, ash, etc) (Hoornweg & Bhada-
Tata, What a waste : a global review of solid waste management, 2012).

Municipal Solid Waste Composition by
Income Group

. ® Organic (%)
I B Paper (%)
i Plastic (%)
| |

L
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0% II | -
o - - . — m B B
12(;2 | | I | | I -
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u Glass (%)

Composition Percentage

- Metal (%)

I Other (%)

Figure 5 Municipal Solid Waste Composition by Income Group
Source: (Hoornweg & Bhada-Tata, What a waste : a global review of solid waste management, 2012)
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MSW Generation by Income Group
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Figure 6 MSW Generation by Income Group and Type of Refuse.
Source: (Hoornweg & Bhada-Tata, What a waste : a global review of solid waste management, 2012)

Goals and policies

The main objective of the municipal SWM refers to the protection of the health of the
population. Taking into account that some diseases might be caused by a poor
management of solid waste, the United Nations Environment Programme (UNEP)
refers to this issue:

“The organic fraction of MSW is an important component, not only because it constitutes
a sizable fraction of the solid waste stream in a developing country, but also because of
its potentially adverse impact upon public health and environmental quality... Unless an
organic waste is appropriately managed, its adverse impact will continue until it has
fully decomposed or otherwise stabilized” (UNEP United Nations Environment
Programme, 2005)

In terms of the environment, “Uncontrolled or poorly managed intermediate
decomposition products can contaminate air, water, and soil resources” (UNEP United
Nations Environment Programme, 2005).

With respect to the SWM impacts on the environment the United Nations
Environment Programme (UNEP) declares:

“In an attempt to accelerate the pace of its industrial development, an economically

developing nation may fail to pay adequate attention to solid waste management. Such a
failure incurs a severe penalty at a later time in the form of resources needlessly lost and
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a staggering adverse impact on the environment and on public health and safety... In
summary, the effort to preserve or enhance environmental quality should at least be
commensurate with that afforded to the attainment of advance in development” (UNEP
United Nations Environment Programme, 2005)

According to this, one of goals of the municipal solid waste management should be to
improve and preserve the conditions of the environment.

In general, the solid waste management systems not only aims to provide a good
service to the people, reducing the risk of diseases and to improve or preserve the
natural environment in the long term “due to the implementation of modern solid waste
management practices, both the public health and the quality of the environment are
benefited directly and substantially,” (UNEP United Nations Environment Programme,
2005) but also aims to develop a sustainable process and to provide support to
economic productivity (Rotich K., Zhao, & Dong, 2006). It is important to remember
that a sustainable municipal solid waste management should also “reduce Greenhouse
Gas (GHG) emissions and improve the quality of life, promote public health, prevent
water and soil contamination, conserve natural resources and provide renewable energy
benefits” (Cherubini, Bargigli, & Ulgiati, 2009). Knowing that this is a difficult task for
developing countries due to the lack of resources and priorities, an effort should be
made to be as near as possible of achieving the ultimate goal.

Waste hierarchy

In order to continue with the progress towards an improved waste management
system in the world, a waste hierarchy, first introduced by the EU in the Waste
Framework Directive (75/442/EEC) (seen below in Figure 7) has been created in an
effort to protect the environment and protect natural resources. Although different
countries have differences in the specifics of their waste hierarchy, the basic idea is
maintained: the approach seeks to reduce the quantity of refuse generated throughout
all of its lifecycle, starting with the extraction and use of natural resources, the
production process, and ending in the recycling or final disposition stage (US EPA,
2013). It sets the fundamental definitions regarding waste management such as
clarifying the ideas of waste, recycling, and recovering; it requires refuse to be
handled in a way that protects human health and the environment (European
Comission, 2014).
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Figure 7 Waste Hierarchy
Source: (European Comission, 2014)

Although developed countries initially developed this waste hierarchy, it is now used
globally as a communication tool to remind those who generate waste and those who
manage it that preventing waste through efficient use of resources and raw materials
is the best option. Re-using discarded goods without reprocessing or remanufacture is
assumed to provide greater savings in resource consumption and is given priority
over recycling (UNEP, 2013).

Prevention

Prevention and minimization of waste generation is first and preferred in the waste
hierarchy context as it aims towards the reduction of waste generation itself and,
therefore, the avoidance of all of the subsequent steps (Vasiljevic-Shikaleska A. ,
2014); prevention of waste generates a general consciousness towards sustainability
and creates a suitable global scenario to stimulate SWM evolution towards improved
operations as it seeks the minimization of quantities and the optimization of quality.

Re-use

Re-use refers to the process of reutilization of a product without reprocessing or
modification, either for its original purpose or a different one. By doing so, the raw
material and energy consumed in the product’s production or its reprocessing is
conserved (Vasiljevic-Shikaleska A., 2014).

Recycling

The process of recycling is an effective tool to manage waste once it has been
generated and cannot be used any longer in its production form. The basic process
consists of collecting, processing, and remanufacturing the refuse that is destined
towards final disposal. In this way, recycling becomes highly valuable as it reduces the
use of raw material and landfill use (Vasiljevic-Shikaleska A. , 2014), conserving
natural resources, preventing the emission of greenhouse gases and water pollutants,
and stimulating the development of greener technologies (US EPA, 2013).
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Other recovery

After having undertaken all of the previous steps, when waste cannot be reused or
recycled any more because of technical, environmental, or economic factors it is
desirable and promoted to recover any value possible left in the object before moving
to the disposal process. This idea has resulted in economic investment in waste
management technologies for extracting energy from waste. (UNEP, 2013)

Composting

Composting is a process performed on organic material in the presence of
oxygen (aerobic conditions) where the waste is partially decomposed by
thermophile bacteria. The resulting material can be used as an organic
fertilizer for the soil, rich in nutrients.

Bio gasification

In general terms, bio gasification is “the biological decomposition of organic
matter of biological origin under anaerobic conditions with an
accompanying production primarily of methane (CH,) and secondarily of

other gases, chief of which is carbon dioxide (CO2z).” (UNEP United Nations
Environment Programme, 2005). The name refers to the opportunity of
biologically recovering energy as methane, a combustible gas.

Incineration

Incineration is a process where wastes are burned with the main objective
of reducing volume. In low and middle-income countries, the incineration is
done as open burning, without any control, increasing risks and
environmental impacts. In developed countries, however, incineration has
been used for decades with a developed technology and under controlled
conditions, which seek to diminish the environmental impacts from the
ashes and the combustion process (UNEP United Nations Environment
Programme, 2005).

Treatment and Disposal

Disposal represents the least preferred option in the waste hierarchy as it represents
the end of the refuse’s value lifecycle and the necessity for final disposition. There are
several disposal methods and treatments with different health and environmental
impacts, like waste-to-energy incineration or sanitary landfills, that depend strictly on
the country’s or cities’ financial and technological capabilities and their ability to
maintain them.

Landfill

There are different types of landfill, and their differences come from the
degree of isolation of the wastes from the environment, the requirements on
monitoring, or the processes undertaken after the closure. In that way, a
sanitary landfill refers to an isolation of waste from the environment until
the time that the wastes are totally decomposed and have passed through all
the biological, chemical and physical processes. Specifically,
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In order to be designated a sanitary landfill, a disposal site must meet the
following three general but basic conditions: 1) compaction of the wastes,
2) daily covering of the wastes (with soil or other material) to remove them
from the influence of the outside environment, and 3) control and
prevention of negative impacts on the public health and on the environment
(e.g., odors, contaminated water supplies, etc.) (UNEP United Nations
Environment Programme, 2005).

Opportunities and barriers

Regarding the waste hierarchy approach, where the idea main objectives and ideas of
the solid waste management are reflected, there are some opportunities and barriers
in developing countries which should be taken into account; given that developing
countries around the world have specific characteristics which can affect the
achievement of the objectives.

Opportunities

It should be clear that developing and low-income countries are facing waste
management issues that they are currently unable to resolve in an independent and
expedite way. Nevertheless, as most of the refuse generated in these countries is
decomposable or recyclable, it poses an opportunity for the development of the socio-
economy (Khatib, 2011). Furthermore, as has already been presented in Figure 3 and
Figure 4, there is an expected increase in the generation of waste which poses the
opportunity and the challenge to find new and innovative ways to treat refuse in a
waste that will lead towards environmental, social, and economic sustainability,
especially given the fact that, for example, landfills are economies of scale as seen in
Figure 8. Moreover, to do so, developing countries have the knowledge and expertise
of the developed countries on waste management as they have already been through
the phase developing countries are experiencing now. In this way, if developed
countries adapt and apply the knowledge developed by high-income countries in the
last decades, they will be able to “plan for a suitable development processes
acknowledging the importance of encountering the problems in persistence and facing
the development challenges with an active participation of stakeholders including the
public” (Khatib, 2011)
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Source for 100 tpd, “Wiste Age,” March 1991; for 250-1500 tpd, NSWMA.
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Figure 8 Economies of Scale at Landfill
Source: US EPA, 1997

Barriers

Nowadays, developing countries are experiencing different problems with respect to
SWM, not only with the municipal waste, but also with the hazardous materials and
the construction wastes. The problems refer not only to the health and environmental
problems but also to society’s attitude, policies, politics and poor infrastructure,
inferring that SWM ties different actors. The following barriers presented are later
synthesized in the scheme in Figure 9.

—>| Lack of adequate policies or legislation I

BNy

)| No incentive to reuse/recycle I

—__>| Lack of financial resources l

.—)‘ Inappropriate technologies I

BARRIERS

___>| Delays and cancellation of operations |

.—_)' Low worker efficiency |

IR prevspeoesy
Lack of recorded data Lack of planning

__9‘ Uncontrolled scavengers |

Figure 9 Synthesis of barriers
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To start, one of the main difficulties of SWM in developing countries is the lack of
adequate policies or legislation, which enables the promotion of a proper
management (Agunwamba, 1998). Even though in many countries the laws governing
municipal solid waste disposal, revenue collection, and project implementation and
management exist, they are not sufficiently enforced (Boadi & Kuitunen, 2003).
Besides, there is an absence of proper environmental pollution control and
monitoring (Rotich K., Zhao, & Dong, 2006).

In most of developing countries corruption is an important issue to take into account
when addressing a project. As an example, besides using an inefficient centralized
solid waste management approach, local authorities in Kenya maintain an inflated
workforce, perpetuating redundant jobs for political reasons (Rotich K., Zhao, & Dong,
2006). In general, the political interest and the profits often take priority over the
environment (Agunwamba, 1998).

Another problem related with SWM is that in most of low and middle-income
countries there is no policy about the reuse or recycling of materials. Additionally,
there are not significant incentives to encourage the people and the enterprises to
reuse materials, such as the ones that exist in high-income countries. In Nigeria, for
example, there are not recycling programs in all the cities, and if there are, they are
not comprehensible for the public, making it common for the municipal solid waste to
be mixed with heavy metals and hazardous wastes (Agunwamba, 1998).

Moreover, poor funding and lack of financial resources make it harder to give an
adequate treatment and management of the solid waste. Many of the governments of
low and middle-income countries do not have the economic capacity to offer
sanitation services to the population (Agunwamba, 1998) mainly due to the poor
economic growth and the mismanagement of resources. As a result, it is difficult to
acquire facilities for the sector (Boadi & Kuitunen, 2003) or to expand and improve the
municipal solid waste handling and building capacity (Rotich K., Zhao, & Dong, 2006).
Additionally, the low-income levels of these populations are not enough to sustain
successful programs since usually the users do not have the economic capacity to pay
for these kinds of services.

Inappropriate technology is also a problem when SWM is in low and middle-income
countries. Generally, the facilities and the equipment do not meet the specific
requirements of the country since they are designed or developed outside the country
and then imported (Agunwamba, 1998). The main issue is related to vehicles and their
inadequacy, as there are poor settlements or neighborhoods where the vehicles
cannot physically gain entry access (Boadi & Kuitunen, 2003). Moreover, many
containers are not adequate in terms of volume, quantity and placement. For example,
in Ghana, the compaction process is not appropriate since waste is manly composed of
organic materials and this process squeezes the leachate out of the waste, generating
possible health threats (Boadi & Kuitunen, 2003). On another hand, in Kenya, the
roads’ conditions are not weatherproof, making it impossible for the vehicles to
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circulate during the rainy season, resulting in uncollected refuse. (Rotich K., Zhao, &
Dong, 2006).

It is common that the operation is cancelled or delayed (Agunwamba, 1998).
“According to estimates from the World Resources Institute and USAID, many local
authorities in developing countries spend over 30% of their budgets on refuse
collection and disposal but can only collect at most 50-70% MSW” (Matrix
Development Consultants, 1993). For instance, in Palestine, big amounts of waste are
accumulated between collection periods, generating problems with animals and
increasing the risk of diseases for the population (Agunwamba, 1998). In Ghana, the
situation is almost the same with the disadvantage that in low-income areas waste is
mixed with human waste because of the inadequate sanitation facilities (Boadi &
Kuitunen, 2003), increasing the risk for its habitants. In Kenya, the operation has failed
since the capacity to collect and safely dispose the municipal solid waste has not
increased at the same rate of the municipal solid waste generation, causing a delay in
the discharge of services (Rotich K., Zhao, & Dong, 2006).

According to certain case studies and investigations such as the one carried out in
Nigeria by (Agunwamba, 1998), the attitude of the workers towards SWM in low and
middle-income countries is not appropriate. This is a consequence of several factors
such as the poor remuneration, which might affect the low morale of the workers and
lead to low efficiency (Agunwamba, 1998) or the lack of competent, properly trained
personnel, with technical background and with suitable carriers (Boadi & Kuitunen,
2003); local authorities in Kenya, specially in Mombasa, Nairobi and Kisumu, hire
overstaffed poorly trained workers (Rotich K., Zhao, & Dong, 2006). Besides, people
working on SWM present higher incidence of sick days, work related accidents and
mortality than the average workers on most of the countries (Boadi & Kuitunen, 2003).
Usually, the general public sees these kinds of jobs as low-rank or menial, contributing
to the idea that it is not an important contribution to the development of a society.

Moreover, society’s attitude does not correspond with the importance of SWM. In
many situations, the public does not cooperate with the waste workers, making them
work harder and decreasing the efficiency of the process. The population is not
concerned about its own waste (Agunwamba, 1998) and usually forget about it after it
is no longer visible, ignoring that after the collection there is an important process to
be done, not only to maintain the population away from risk, but also to diminish the
impacts on the environment. Another problem that governments must face is the
adherence of the people to customs that do not easily fit into the modern world (Al-
Khatib, et al., 2007) regarding the knowledge and technology that are available now.
Usually the countries do not have effective participatory programs and people are not
involved in the SWM process (Agunwamba, 1998).

Regarding the planning process of SWM, the difficulty comes when it is time to find
data about generation and disposal, as most of the cities do not keep records about
solid waste, leading to poor designs (Boadi & Kuitunen, 2003): because the knowledge
about the composition, characteristics, generation and actual disposal of the
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municipal solid waste is reduced (Boadi & Kuitunen, 2003), it is harder for the experts
to design and properly forecast future behavior. Because governments are not aware
of the importance of this information, there are few efforts to document SWM data. It
is then important to note that, consequently, the data presented in this paper itself
must be interpreted as indicative.

Due to this lack of planning, the location of dumping sites is decided because of
convenience or through random solutions, and not as a part of a long term planning
process. Many sites are located according to access to the collection vehicles,
disregarding public health or ecological considerations (Boadi & Kuitunen, 2003). This
kind of choice might generate the contamination of water bodies, underground
aquifers (Agunwamba, 1998), or consumption water if the location is in a flooding area.
(Boadi & Kuitunen, 2003). As an example, the location of the dumpsites in Kenya did
not take into account environmental impacts, prioritizing convenience, and nowadays
none of the dumpsites meet the basic requirements to protect the water bodies and
underground aquifers from the pollution by leachate (Rotich K., Zhao, & Dong, 2006).

The lack of planning is also seen in uncontrolled urbanization, as many developing
countries see how their cities grow unrestrained as people from the rural areas
migrate to the city searching for opportunities or are forced to leave their land
because of conflict or threat. This migration has resulted in unplanned settlements
with high population density, absence to good infrastructure (sanitary services, water
access, etc.), and inaccessibility to social services and amenities. In Accra’s
metropolitan area (Ghana), for example, waste collection vehicles cannot access some
areas because the streets are too narrow and not properly laid down, resulting in
additional costs (Boadi & Kuitunen, 2003).

Uncontrolled scavengers are one of the problems related to municipal solid waste
management in developing countries. Although this activity starts from the people’s
need for monetary income and the lack of opportunities to get a formal employment, it
generates high risk due to the high probability of making contact with hazardous
materials or healthcare waste while working with refuse that is not separated. When
the scavenging activity is undertaken without the proper instruments and an
adequate place, the scavengers might get injured or acquire infections through contact
with contaminated wastes. In Nigeria, not only uncontrolled scavengers but also
children and animals can be seen within the borders of the waste disposal sites
(Agunwamba, 1998) and, as in Ghana, the informal sector such as waste recyclers,
waste pickers, waste carriers, and scavengers have not been recognized as relevant
parties or integrated to the SWM system (Boadi & Kuitunen, 2003).
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Overview of waste management treatments

Treatment overview

[t can be said that there is not one optimal system for waste management, each one of
the treatments will have different impacts not only on the society, on the government
and one the finances of a city but also on the environment. The selection of one system
or the other will depend on the waste characteristics, on the culture, on the
geography, on the economic resources and on the government possibilities (White,
Franke, & Hindle, 1999); besides, other aspects such as the energy sources, the
availability of resources and disposal options, the size of the markets for products
derived from waste management, among others, should be taken into account.
Consequently, it is not possible to establish a standardized optimal system; it needs to
be determined on a local scale in search for social, environmental and Economical
sustainability (Mendes, Aramaki, & Hanaki, 2004). With this in mind, some processes
and policies will be described here.

Waste minimization

The waste minimization is a trend or policy that aims to minimize the production of
waste destined to final disposal through legislation or campaigns, economic incentives
are also used mainly for the factories and enterprises. It has become more and more
important with time due to the increasing generation of wastes in the world, and
especially in the developing countries. The relevance in low and middle income
countries comes from the fact that most of the wastes are disposed in landfills or in
open dumps, which have a maximum capacity in time, and from the need of
conservation of resources. (UNEP United Nations Environment Programme, 2005)

Collection

Collection is the most important process in any MSWM system as it is through this
process that waste is taken away from proximity of society in an effort to control the
threats to human health. From Figure 7 it was possible to observe that by 2012, the
EU counted with 97% collection efficiency. The case for developing countries,
however, varies greatly from this scenario, as there is only an average 43% and 68%
collection efficiency in low-income and lower-middle-income countries with values as
low as 11% in countries like Haiti (Hoornweg & Bhada-Tata, What a waste : a global
review of solid waste management, 2012). Nevertheless, in developing countries
make the majority of the waste management budget consuming up to 80%-90% of the
total available funds (Hoornweg & Bhada-Tata, What a waste : a global review of solid
waste management, 2012). As a consequence, collection becomes as point of vital
importance in developing countries as there is low efficiency and big expenditure.
Moreover, “in the absence of systematic solid waste collection systems, waste is
dumped in open spaces, on access roads, and along water courses,” (Tin, Wise, Su,
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Reutergardh, & Lee, 1995) and becomes a propagation area for disease, posing a
direct threat to human health and the environment.

Recovery and Recycling

The recovery tries to reuse the wastes to give them a second life, not as wastes but as
other objects that might be useful. On the other hand, the recycling is a policy and a
process that searches for the waste to become the raw material for new products. In
this way, there is a less utilization of materials which are potentially useful and that
are still on the environment, diminishing the use of environmental resources.

Both, reutilization and recycling search for the resource conservation and are
encouraged by the government policy and incentives. In many countries, the
separation between recyclable and non-recyclable waste is done directly in the
households, this is called source-separation. The simplest configuration has two
containers: one for non-recyclables and one for recyclable material such as ferrous
metals, paper, glass, among others. (UNEP United Nations Environment Programme,
2005)

The policy is very important in this kind of process since it requires education and the
acceptance of the society. Besides, it will determine the scale, for example in Italy,
there is a minimum percentage of waste that should be recycled or recovered “Italian
regulations require that the percentage of recycled waste must reach 35% within
2003” (Costi, Minciardi , Robba , Rovatti , & Sacile , 2004). The policy should
encourage all the entities of the society to reach the proposed goal, and should include
strategies regulating the use of certain material sor energy resources. “Applied in that
manner, regulations can be designed to control and possibly prevent the use of certain
materials, or discourage the use of a particular production method or treatment”
(UNEP United Nations Environment Programme, 2005).

Also, the governments may propose incentives to recycle and reuse by asking
manufacturers or importers the usage of recycled materials, never the less, the
policies should be shared and discussed with all the stakeholders, since it is not an
easy step and might bring difficulties to the enterprises. In order to obtain the best
policy, it is important to know the chemical and physical characteristics of the wastes
intended to be recycled or reused and the processing principles, without this
knowledge there an increased possibility of failure. In order to accomplish the
separation of materials, there are two kind of processes:

* Mechanical Processes: include electromagnetic, fluid dynamics, pneumatic and
others.

* Manual Processes: done manually such as scavengers, which are very
important in developing countries.

In most developing countries, the separation process is done manually due to the lack
of economic resources and policies to stimulate source-separation, which has lead to
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current recovery rates ranging from 5%-40% according to a 23-country case-study
analysis conducted by (Troschinetz & Mihelcic, 2009). In general, though, recycling in
developing countries is achieved through the role of the informal sector, generally
represented by poor and marginalized social groups that use waste scavenging as an
income source (up to 2% of Asia and Latin America). Furthermore, these people are
divided into four categories according on the way in which they undertake their
activities:

1.Itinerant Waste Buyers: Purchase of sorted dry recyclable materials from
households or domestic servants, which then transport these to a recycling
shop of some kind.

2.Street Pickers: Secondary raw materials recovery from mixed waste on the streets
or from mixed waste on the streets or from communal bins before collection is
done.

3.Municipal Waste Collection Crews: Secondary raw materials are recovered from
collection vehicles.

4.Waste Pickers from Dumps: Sorting and collection of dum wastes prior to being
covered (Wilson, Velis, & Cheeseman, 2006)

Composting

Composting is a process performed in the organic material in the presence of oxygen
(aerobic conditions) where the waste is partially decomposed by thermophile
bacteria. The resulted material can be used as an organic fertilizer for the soil, rich in
nutrients.

Most of developing countries have constraints in the programs related to the
economic resources, the technology available and the qualified personnel. In most of
the cases the option of composting is adequate since it is flexible and requires
biodegradable waste, which is the higher portion of wastes in most of developing
countries. Specifically about the flexibility, it might change in scale, in location, could
be done manually or mechanized and seen in this way it may present a good
advantage (UNEP United Nations Environment Programme, 2005).

Besides the previous advantage, the compost does not require high operating cost, its
environmental impacts are fewer and the final material might be a useful product. The
disadvantage that might be seen are the slow reaction rate and the difficulty to
forecast it, however, if all the variables are known, the conditions are applied and the
process is done in an adequate way, the process could be predicted, followed and
controlled.

Bio gasification
In general terms, the bio gasification is “the biological decomposition of organic

matter of biological origin under anaerobic conditions with an accompanying
production primarily of methane (CH,) and secondarily of other gases, chief of which
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is carbon dioxide (COz).” (UNEP United Nations Environment Programme, 2005). The
name refers to the opportunity of biologically recovering energy as methane, a
combustible gas. The main advantage of this process is that it can be a waste
treatment while there is energy production and the main constraint is that the plant
design and operation are more expensive than many other processes, such as
composting. The proposed methodology is to use it in conjunction with sanitary
landfilling, since it is practical in treating readily degradable wastes. This process is
also called methane fermentation, methane production or anaerobic digestion.

Incineration

I[s a process where the wastes are burned, mainly with the objective to reduce the
volume. In low and middle-income countries, the incineration is done as open
burning, without any control and increasing the risks and the environmental impacts.
In developed countries, the incineration has been used for decades with a developed
technology and wunder controlled conditions, which search to diminish the
environmental impacts from the ashes and the combustion process (UNEP United
Nations Environment Programme, 2005).

Besides the volume reduction, the incineration has the advantage that it can be used
for energy generation. The disadvantage is the high cost of maintenance and
infrastructure, which is the main reason why the developing countries do not use it
frequently; in general, on of the most expensive parts of the process is the air
pollution control (APC), since the air emissions should be diminish as much as
possible in order to preserve the environment and to guarantee healthy conditions for
the population.

“Incinerators may be classified in a variety of fashions: by type and form of the waste
input; by the throughput capacity (with or without heat recovery); by the rate of heat
production (for systems with energy recovery); by the state in which the residue
emerges from the combustion chamber (e.g., slagging); and by the shape and number
of furnaces (e.g., rectangular, multiple). The key system elements involved in the
incineration of urban wastes are: 1) tipping area, 2) storage pit, 3) equipment for
charging the incinerator, 4) combustion chamber, 5) bottom ash removal system, and
6) gas cleaning equipment (i.e., air pollution control system). If energy is to be
recovered, a boiler is included.” (UNEP United Nations Environment Programme, 2005)

In general, two kinds of solid residues are generated, one is the bottom ash and the
other one is the fly ash. The process should include the facility to manage each kind of
residual according to its conditions, both need to be disposed properly, generally sent
to a landfilling or to a appropriate disposal site. About the air emissions, nowadays the
APC systems include processes to control a number of pollutants at high and low
concentrations and are done through: manipulation of the combustion process, the
use of chemical reagents and of mechanical or electrical system in the post-
combustion to process the emission gases.
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Landfill

A sanitary landfill refers to an isolation of the wastes from the environment until the
time that the wastes are totally decomposed and have passed through all the
biological, chemical and physical processes. The difference between landfills comes
from the degree of separation of the wastes from the environment or from the
requirements on monitoring or after the closure.

“In order to be designated a sanitary landfill, a disposal site must meet the following
three general but basic conditions: 1) compaction of the wastes, 2) daily covering of
the wastes (with soil or other material) to remove them from the influence of the
outside environment, and 3) control and prevention of negative impacts on the public
health and on the environment (e.g., odors, contaminated water supplies, etc.).” (UNEP
United Nations Environment Programme, 2005)

In most developed countries the practice is used with high degree of isolation, which
can have a higher cost and be more complex. Developing countries use different
landfills according to the resources, but in general is the most utilized system to treat
the wastes besides the open dumping. In this aspect, the most important objective
should be to improve the technical conditions of landfills in developing countries,
since this will protect not only the population but also the environment.

It is important to realize that the advantages referring to the landfilling are the
adaptation of the process according to the resources and the low requirement of
technology, the disadvantages refers to the long-term effects, since the wastes will
decompose for many years after the closure, the area requirements, the possibility of
contamination of water bodies and the time of usage of the landfill, that will not work
in a very long term planning (UNEP United Nations Environment Programme, 2005).

Costs

As it has been seen, the sustainability of a SWM system is proportional to the
economic resources available. Therefore, it is important to understand the economics
of SWM and how they shape the application of different treatment methods.
According to Macfarlane (1998) cities across different income levels are willing to
spend up to 0.5% GNI per capita on SWM per capita, as a greater expenditure does not
justify the perceived social benefits; the public does not find justification in a greater
expenditure. As a result, there is a great disparity in the range of services available
and the scale of the services provided (see Table 1), especially taking into account that
the costs for collection (the most important and resource-consuming part of any
system in low-income countries) are relatively uniform among the world. (Macfarlane,
1998)
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Table 1: Resource disparity for 10.000 people municipality by income group

Country GN].)/ % Spent of | $ Available/ | Municipal C
capita . : $/municipality
level SWM capita/year | population
/year
High g, 4 40,000
income
Upper-
middle 2,000 10 100,000
mcome 0.5 10.000
Lowe-
middle 7,000 35 350,000
income
Low 145 000 75 750,000
income

Nevertheless, it is important to analyze the pertinence of the above-mentioned data
for the current state of waste economics, as it was determined in 1998. According to
UN Habitat (2010), “Managing solid waste is one of the most costly urban services,
typically absorbing up to 1 per cent of GNP and 20 to 40 per cent of municipal
revenues in developing countries”, which would indicate that in the last 16 years the
extra expenditure on MSW is justifiable in terms of perceived social benefit. This most
recent information proves that municipalities across the world have doubled their
investment threshold in the past 16 years, making 1% of GNI the current marker for
MSWM investment.

Having this in mind, it is now possible to examine the suitability of the different SWM
systems in the different country income groups. Table 2 below shows the costs for the
different systems and for the collection process. It is possible to calculate the total cost
of a system by adding the collection cost and the system specific costs. As can be seen
from the table, there is an increase in costs corresponding to the income of the
country. Furthermore, it is possible to observe that open dumping is the cheapest
option, but it’s no longer in use by upper-middle and high-income countries due to its
environmental and health impacts. Following open dumping, sanitary landfills prove
to be the most affordable option for developing countries that seeks to treat waste in a
socially and environmentally responsible way. Finally, It is important to note that
although composting is a very affordable option as well, it has not yet reached a
sustainable and consistent state of development in developing countries. Finally, WTE
(Waste-to-energy) incineration is clearly the most expensive option as it more than
doubles the costs for sanitary landfills, resulting in its non-applicability in low-income
countries. It is also important to note that the costs presented for WTE Incineration
already include the profit from the sale of any energy recovered.
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Table 2: Estimated SWM Costs by Disposal Method (Hoornweg & Bhada-Tata, 2012)

|| Lowincome Countries | Lower id nc Counries

Income
(GNI/capita) <5876 $876-3,465 $3,466-10,725 »$10,725
Waste Generation
(tonnes/capita/yr) 0.22 0.29 0.42 0.78
Collection Efficiency 43% 68% 85% 98%
(percent collected)

Cost of Collection and Disposal (US$/tonne)
Collection? 20-50 30-75 40-90 85-250
Sanitary Landfill 10-30 15-40 25-65 40-100
Open Dumping 2-8 3-10 NA NA
Composting® 5-30 10-40 20-75 35-90
Waste to-Energy NA 40100 60150 70-200
Incineration*
Anaerobic Digestion® NA 20-80 50-100 65-150

'All values provided in the table are exclusive of any potential carbon finance, subsidies, or external incentives. Costs included are for purchase
(including land), operation, maintenance, and debt service.

“Collection includes pick up, transfer, and transport to final disposal site for residential and non-residential waste.
*Composting excludes sale of finished compost (which ranges from $0 to $100/ton).
“Includes sale of any net energy; excludes disposal costs of bottom and fly ash (non hazardous and hazardous).

Additionally, with the estimated costs by disposal method presented, it is possible to
establish a range for the percentage of the GNI spent by disposal method as can be
seen in Table 3 below, and determine the applicability of each disposal method for the
countries in each income group. The process used to establish this range is dividing
the highest cost bound by the lowest GNI bound and vice versa.

Table 3: Percentage of GNI Spent on Disposal Method

Percentage of GNI Spent on Disposal Method

Low Income Lower Mid Income Upper Mid Income High Income

Collection >0.5% 0.25% 2.48% 0.16% 1.09% <1.82%
Santary Landfill >0.25% 0.13% 1.32% 0.10% 0.79% <0.73%
Open Dumping >0.05% 0.03% 0.33% NA NA
Composting >0.13% 0.08% 1.32% 0.08% 0.91% <0.65%
WTE Inc NA 0.33% 331% 0.23% 1.82% <1.45%
Anaerobic Dig. NA 0.17% 2.65% 0.20% 1.21% <1.09%
Impacts of MSWM

According to the treatment given to the municipal solid waste management there will
be consequences both on the environment and on the human health. In developing
countries, due to the lack of resources, the priority is commonly given to the human

32



health giving less importance to the environment and in many situations ignoring that
some environmental impacts might generate problems on the human health.

One of the aspects to take into account is that with the evolution of the society through
times, new chemical substances and materials have been created, increasing in this
way the toxicity and the composition of the solid waste. On the other hand, with time
new processes to manage solid waste have been developed opening a range of
possibilities for its treatment.

On the other hand, studying the long or short term effects on human health from the
exposure to the solid waste is not an easy task, due mainly to the lack of data, the long
latency period of some illnesses and to the uncertainty, since effects might also be
related with cofounding factors and genetics (Rushton & Elliott, 2003). With respect to
the environmental impacts, they will depend on the location and on the practices used
for the treatment of the solid waste.

Human health/social impacts

There is evidence that some adverse health outcomes might come specifically from
the waste management. This was observed from the middle ages, where there were
some epidemics that came directly from contaminated water. In general, people are
aware of it and there the public acceptance of waste disposal sites is low because
there is a concern about the adverse effects (Giusti, 2009).

Indirect o direct health issues might come from all the steps of the solid waste
management, starting from the handling through treatment up to the disposal.
Inhalation of gases, consumption of water and the food chain are the main pathways
of exposure (Giusti, 2009).

There is an idea about the relationship between landfilling and cancer or congenital
malformation problems but according to some studies “evidence that links waste
landfills and incinerators to health endpoints (especially cancer, reproductive
outcomes and mortality) is either inadequate or insufficient” (WHO, 2007). Although
there are some reports that link cancer and other diseases with the landfilling area, it
is considered that they did not take into account some important cofounding features.

The main concern about the incineration is the emissions of dioxins (persistent
organic compounds), which are highly toxic. As they are not easily destructed and
need high temperature, it is possible that they accumulate in food such as eggs, diary
products, among others. The exposure to these kinds of emissions might generate
sarcomas or Non Hodgkin’s lymphoma (Giusti, 2009).

Even if open dumping is not considered a treatment system, it is commonly used in

developing countries and can generate several impacts on human health that will
depend on the location of the dumpsite, on the weather and on the general practices.
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There is a high probability that unregulated scavengers acquire an infection or an
injury if municipal solid waste is not adequately separated from healthcare waste or
other hazardous wastes. (WHO, 2000).

There are other risks in open dumping coming from the contamination of
underground water or flows of leachate into water bodies, which in many situations
are used as a source of water for human or animal consumption, generating diarrhea
and gastrointestinal diseases (Agunwamba, 1998) or other long-term effects mainly
due to the ingestion of heavy metals, as an example in Nakuru (Kenya) an outbreak of
diarrhoea was traced to a vegetable farm which was being irrigated by surface water
contaminated by MSW dumped upstream (Rotich K., Zhao, & Dong, 2006). The scene
might have an increased risk if there is no adequate treatment for human wastes and
through the food chain or the consumption of polluted water some pathogens and
viruses such as E. Coli and salmonella are ingested.

According to some studies, if the composting might generate respiratory or dermal
illnesses caused by the presence of dust, bacteria and fungi (Harrison, 2007). Besides,
after the composting processes are finished and if there is not adequate separation of
wastes from the beginning or the process is not appropriately done the compost might
carry the pathogens to the soil increasing in this way the risk of ingesting these kind
or organismes.

Environmental Impacts

Many studies have been done searching to quantify the environmental impacts of
different solid waste treatments and options and some will be presented here, but it is
important to take into account that the results might differ due to the location, social
conditions, geographic characteristics, availability of resources, among others. The
methodology used was the life cycle analysis LCA that in this case quantifies the total
environmental impacts of the waste from the generation until the final disposal for
each one of the different management processes, without ignoring the environmental
benefits obtained in each one of the processes. In the cases presented, the life cycle
analysis was done to different scenarios or possible alternatives with the aim of
comparing them all in the same terms and with the same indicators; as an example,
“the waste incineration with energy recovery reduces the need for other energy
sources, material from recycling processes replaces production of virgin material and
biological treatment may reduce the need for production of artificial fertilizers and
transportation fuel” (Ekvall, Assefa, Bjorklund, Eriksson, & Finnveden, 2007).

Mendes, Aramaki, & Hanaki (2004) made the life cycle analysis for the city of Sao Paulo,
in Brazil, home of about 10 million people and that produces approximately 10000
tons of residential solid waste daily. Nowadays, the disposal is done in a landfill. CO2,
CH4, NO2, N20, H2S, HCI, HF, SO2 and NH3 were chosen as the parameters for air
emissions and total-N and total-P as the parameters for the water emissions. In this
case, 5 possible scenarios were assumed: in Scenario 1 the waste is incinerated in a
mass-burn incinerator with energy recovery, there are not liquid emissions; in
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Scenario 2 the waste is burned in an incinerator but the bottom, boiler and the ashes
are melted, generating a slag which is then disposed on a landfill; in Scenario 3 the
waste is burned, however, the bottom ashes are used in the production of pavement
bricks; the Scenario 4 assumes the disposal of all the waste in a landfill, where only the
70% of the leachate will be collected and treated (Rieradevall, Domenech, & Fullana,
1997), (White, Franke, & Hindle, 1999) and finally in the Scenario 5 the waste is
disposed in a landfill but the gas emission is collected and then passed through a wet
scrubber to remove SOz and then burned for energy recovery (Mendes, Aramaki, &
Hanaki, 2004).

As a second case, Tsiliyannis (1999) presented the case of municipal waste
management in Athens, Greece, where the European Directives are taken into
account; in this case, the regulation controls not only the emissions to the atmosphere
but also the pollution of nearby soils and water, particularly to the lead (which varies
its concentration on the leachates with the pH), the volatile heavy metals (cadmium
and mercury), the dioxins and the furans. Referring to the cost, the author says “A
problem with the traditional end-of-pipe treatments of effluents is that when the
concentration of the pollutant is low (but still environmentally significant), large,
expensive equipment is required to effect further reductions” (Tsiliyannis, 1999).
According to a sensitivity analysis done in this study, the results do not vary in
significantly with uncertainties, with changes on the municipal solid waste
composition or with the assumptions used (Tsiliyannis, 1999).

The third case refers to the city of Rome, in Italy and was done by Cherubini, Bargigli,
& Ulgiati (2009). According to its authors, the results obtained are reliable for most of
the European big cities and suggest that the landfill systems are the worst waste
management options with respect to the environmental impacts and consequences.
In this study, the liquid, solid and gaseous emissions were evaluated and categorized
into different impacts to estimate some indicators as: Global Warming Potential
(GWP) which are potential contributors to the global warming (COz, CH4 and NO3),
acidification potential (AP) which refers to the gases responsible of the acid rain (SO2,
NOy, HF, HCl and H2S) and Eutrophication Potential (EP) which are chemical
compounds that contribute to the eutrophication of the aquatic systems (total-N and
total-P); besides, indicators of resource reduction as Material Intensities (MIs) (from
the Material Flow Accounting, (MFA) and Gross Energy Requirements (GERs), and of
ecological footprint such as the Sustainable Process Index (SPI) are also included -The
SPI converts the mass and energy flows used and produced into area, measuring the
potential pressure of the activities on the ecosphere (Cherubini, Bargigli, & Ulgiati,
2009). The assumed scenarios in this study are:

-Scenario 0 where the wastes are disposed in a landfill without any additional
treatment. In this case, the organic fraction of wastes release the biogas due to the
decomposition in anaerobic conditions, this biogas is mainly formed by CHs (58%)
and CO2 (41%) and small proportions of HCl, HF and H;S. It is assumed that the 50%
of the gas is collected by pipes and then burned (to transform the methane into CO;
that generates smaller environmental impacts, but that might also emit NOz, HCl, CO,
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HF, dioxins and heavy metals such as Mercury and Cadmium) and that the other 50%
of the gas is released to the atmosphere without any kind of process.

-Scenario 1 refers to the case where all the wastes are disposed on a landfill but a
fraction of the biogas released is collected, processed and burnt to produce electricity.
The assumption is that 50% of the biogas is collected, 25% of the biogas is burnt in
flares and the other 25% is released without treatment.

-Scenario 2 proposes a sorting plant for the separation of organic and inorganic
portions, and the ferrous metal recovery, each flow is independently treated. In the
case of the organic waste, it is assumed to be processed in anaerobic conditions in
order to produce biogas, which will then be upgraded (to remove the H;S and other
impurities) and after this process the CH4 will be around 97% of the composition of
the biogas. The inorganic part is assumed to be delivered to a Refuse Derived Fuel
(RDF) production plant; the bricks generated will be burnt in an incineration plant to
produce electricity. Finally, the ferrous metals are recovered for reuse and the heavy
waste portion and the ashes are sent to a landfill.

-Scenario 3: The solid wastes are incinerated in order to produce electricity through
combustion processes. The assumption is that there is no separation and that the
ashes are delivered to a landfill.

According to the results, the environmental impacts of the landfilling are higher than
the ones of incineration processes (Mendes, Aramaki, & Hanaki, 2004), non-the less,
the option of landfilling with energy recovery has a slightly better environmental
behavior than the one without energy recovering, this might be due to the air
pollution and greenhouse gas releases (mostly because of the uncollected biogas) by
the non-energy recovery method (Tsiliyannis, 1999). In general, the biogas creates a
potential hazard through the damage to settlements, migration, odor problems,
vegetation damage, possible explosions and water pollution. According to some
studies, the CH4 can be considered nearly seven times more damaging than CO2, and
with this assumption all the landfilling methods are quite the same, the slight
difference comes from the fraction of unrecoverable biogas (Tsiliyannis, 1999).

The landfill shows a higher Global Warming Potential than incineration due to the
methane generation during the biological decomposition of the organic waste
(Mendes, Aramaki, & Hanaki, 2004). It is important to keep in mind that the process of
producing methane by the bacteria (methanogenesis) needs more than 50% of
moisture, while two inhibiting factors might diminish its production: a low percentage
of heterogeneity in the distribution of the moisture and the absence of microbial
seeding (Tsiliyannis, 1999). Besides the methane, many different volatile compounds
have been identified in the landfill biogas, most of them are toxic at high
concentrations, such as: hydrogen sulfide, benzene, toluene, and vinyl chloride, among
others (Tsiliyannis, 1999) and that will vary depending on the composition of the
waste and on the age of the waste from which the gas is extracted (Young & Blakey,
1990).

With respect to the acidification potential landfilling revealed much higher results
comparing it with the incineration, this might be a consequence of the leachate
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treatment, since the HS (generated on the landfill) is an important contributor of the
acidification potential (Mendes, Aramaki, & Hanaki, 2004). Regarding the leachate
generation, it might be extended more than 25 years from the time of disposal of the
waste. One of the most critical issues about the landfills refers to the isolation of the
system which is not inactive at all, it can be seen as a chemical reactor that remains
active for thousands of years; at the end it is inevitable to avoid the outgoing
chemicals to pass the system and affect the surrounding environment; if the idea is to
minimize or avoid the environmental impact, it should be monitored through
centuries (Cherubini, Bargigli, & Ulgiati, 2009).

Besides the H:S, the leachates from the landfills might add metals to the ground or to
the underground water while the incineration transfer these metals to the
atmosphere (Tsiliyannis, 1999)moreover, the leachates of the landfill have a higher
concentration of chemical oxygen demand (COD) and biological oxygen demand
(BOD) than the leachates from the incineration leachates (from the ashes and
residuals landfill) but this difference decreases with time (Tsiliyannis, 1999).

On the contrary, when referring to the ecological footprint the landfill alternatives
show lower values than incineration due to the low significance of inputs needed, in
this situation the ecological footprint is mainly due to the methane emission (around
85% of the total ecological footprints), particularly, the scenario with energy recovery
shows a smaller ecological footprint because of the electricity feedback produced by
the biogas combustion (Cherubini, Bargigli, & Ulgiati, 2009).

Being the landfill the current treatment used for the solid waste management in Sao
Paulo City, it presents the highest environmental impact (Mendes, Aramaki, & Hanaki,
2004). The results demonstrates that landfill options are the ones with more
environmental impacts, in this case, the only option to make significant environmental
saving is with the energy recovery but in most of the cases incineration shows better
results in terms of the previously defined indicators (Cherubini, Bargigli, & Ulgiati,
2009).

According to McDougall, White, Franke, & Hindle (2001) and Hassan, et al., (1999) even
if incineration has a higher cost, it produces lower water emissions and Global
Warming Potential than other scenarios as the landfills, the Global Warming Potential
comes mainly from the burning of plastics which generates emissions of
anthropogenic CO;. Besides, much more energy was recovered by incineration than by
landfilling (even with energy recovery) (Mendes, Aramaki, & Hanaki, 2004), however,
the production of electricity from the recovered energy did not affect considerably the
results on the Global Warming Potential, in the case of Brazil, “if the generation of
electricity from fossil fuels increases in Brazil, incineration scenarios will present even
lower GWP than they presented in this study” (Mendes, Aramaki, & Hanaki, 2004).

Landfilling requires low energy for its processes and so the indicator of Gross Energy

Requirement is much lower for landfilling than for incineration, specifically, the
scenario where the biogas is used to produce electricity is better than the normal
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landfill without biogas exploitation. (Cherubini, Bargigli, & Ulgiati, 2009). This
indicator might be related with the Global Warming Potential since this index takes
into account the consumption of energy among other indicators

Referring to the Acidification Potential, the incineration with ash disposal presented
the lowest potential while the ash melting for reuse increased the potential as a result
of the higher energy consumption and the higher emissions of acid gases during the
process (Mendes, Aramaki, & Hanaki, 2004). In all the incineration alternatives, the
contribution to the acidification is mainly the NO2 emissions, since other gases such as
HCI, HF, SOz and H»S were generated at a relative low concentration using an efficient
gas purification process. Furthermore, without the energy recovery, the incineration
processes will have a much higher effects on the acidification potential. Additionally,
referring to the conventional air pollution (CO, SOz, NOx) the landfilling remind behind
in the results due to the available technology to avoid pollution from incineration
(Tsiliyannis, 1999).

About the nutrient enrichment potential, the results demonstrate that the lowest
enrichment potential is given by the incineration with ashes disposed in a landfill.
Anyway, in all the incineration cases, the results are better for the incineration than
for the landfilling. In the case of the incineration, the main contributor is the NO2 while
in the case of the landfill; other compounds as NH3z or P (present on the leachates)
have relevant environmental impact referring to the acidification potential (Mendes,
Aramaki, & Hanaki, 2004).

In the case of the leachates, the ones produced in the ashes landfills present lower
concentration of heavy metals than the ones produced in the landfill where all the
municipal wastes are disposed (Roffman, 1991), and the leachates from ashes have
lower levels of BOD and COD (Tsiliyannis, 1999). Additionally, the potential pollution
coming from the leachates produced by the ashes has a shorter time than the
municipal solid waste leachates (Tsiliyannis, 1999).

According to Mendes, Aramaki, & Hanaki (2004) the incineration with ashes disposal in
a landfill shows the lowest environmental impact with respect to the other scenarios
proposed but it is important remember that the study did not take into account the
leaching of the ashes which might be toxic due to the high concentration of heavy
metals. (Mendes, Aramaki, & Hanaki, 2004). On the other hand, it was seen that the
production of electricity did not reduced so much the Global Warming Potential, as it
was expected in the beginning (Mendes, Aramaki, & Hanaki, 2004). Cherubini, Bargigli,
& Ulgiati (2009) concluded that the scenario with waste separation seems to be the
best waste management option since it produces more energy and has the highest
energy recovery efficiency; this result might be due to the fact that it is the only
scenario where both components, organic and inorganic are used as efficiently as
possible, one to produce biogas and the other one to produce electricity through RDF
combustion and even if in this scenario there are local emissions of NOx PM1g, heavy
metals, Polycyclic Aromatic Hydrocarbons (PAH) and other compounds (Cherubini,
Bargigli, & Ulgiati, 2009).
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Referring to the composting process, the emissions involve volatile compounds and
odors (from NH3 and H:S) as well as pollutants as COz and presenting a final
bioconversion of volatile compounds of around 50% (Tsiliyannis, 1999). And, as it is
expected, open dumping might pollute superficial and underground water bodies as
rivers, which feed into the ocean and can threat coastal recreational beaches and
important biodiversity spots as coral reefs (Rakodi, Gatabaki-Kamau, & Devas, 2000);
as an example, in Lake Nakuru, in Kenya, which is the home of 78% of the flamingo
birds in the world, had a relevant drop of the flamingo population because of the
pollution of the lake coming from solid wastes (Cherubini, Bargigli, & Ulgiati, 2009).

Comparison

As it can be seen in Table 4, among many alternatives for solid waste treatments
composting might be a suitable alternative for solid waste management in developing
countries if some important factors for low and middle-income countries such as the
cost of maintenance and initial investment, the high content of organic matter, the
possibility to achieve it in a centralized or decentralized approach and the ease of
conducting the process are taken into account.

Table 4: Summary of different solid waste management alternatives

Cost of
collection and
disposal in

Treatment Characteristics Impacts low-mid
income
countries
[USS$/ton]
Leachates might
Big area requirements contaminate soil and
water bodies
Sanitary Centralized approach Emission of methane
. : 15-40
Landfill Adaptation of the process
according to the resources Attraction of animals
Low requirement of and disease vectors
technology

Contamination of
water bodies and soil
Easy Attraction of animals 3-10
Gastrointestinal and
parasitic diseases

Open
Dumping

Contamination of the
Composting Mainly for organic wastes compost if there is no 10-40
separation of wastes

39



Possibility of centralized or
decentralized approach

Production of a usable sub
product

Easy design and operation

Ingestion of heavy
metals or pathogens
through the food chain

Centralized approach

Metals are transferred
to the atmosphere

Generation of

Waste-To- Reduction of volume .
particulate matter
Energy 40-100
Incineration . Emissions of
Might generate energy , _
persistent organic
ts POC
High investment components
Potential for human
asphyxia (expose
Recovery energy as methane humans to emitted
) gases in confined
Anaerobic spaces) 20-80
digestion
Difficult design and operation High explosion
Limited large-scale potential

performance
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Composting as appropriate management solution in DCs

As it is seen, composting might be an appropriate solution for the solid waste
management in developing countries, especially because of the high content of organic
matter in the municipal solid waste and the reduced cost compared with other
treatments. In this order of ideas, the composting process will be explained and
described in detail, with examples, parameters and cost trying to embrace it in all the
dimensions.

Technical parameters
Definition

Composting is a process where the natural biological degradation of organic matter in
an aerobic environment is enhanced under controlled conditions. In this process,
many microorganisms transform the organic material into a humus-like material; this
final product is called compost and according to its conditions might be applied to the
soil as a fertilizer (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting
and Its Applicability in Developing Countries, 2000). The reaction is the following:

Organic waste + 0, + bacteria
— Stabilized organic Residue + CO, + H,0 + NH; + Heat
+ bacteria

Moreover, the composting process is divided into different phases, which are shown
in Figure 10.

Source Separation: o Thermophilic . Application of
Organic Wastes Mesophilic Phase Phase ][ Maduration ][ Compost

COMPOSTING PROCESS

Figure 10: Composting Process and its phases
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It is important to take into account that the composting process aims not only to be
the treatment to stabilize the organic solid waste but also to produce quality compost,
a material which can be used in agriculture to enrich the soil (Slater & Frederickson,
2001).

Parameters

In order for the process to be done in the best possible manner, some factors and
variables should be take into account, since they are fundamental for the optimal
development of the process:

Temperature

When the microorganisms are in activity, they release energy in the form of heat,
some of which is dissipated by the evaporation of the water content. That is the
reason of the increase of the temperature in the initial stages of the composting
process; eventually, the temperature decreases when the biodegradable organic
carbon is consumed, that is to say “the exhaustion of readily biodegradable compost
feed components” (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting
and Its Applicability in Developing Countries, 2000). In other words, “the temperature is
a reflection of the intensity of aerobic microbial action” (Mbuligwe, Kassenga, Chaggu, &
Kaseva, 2002) and consequently, it might be used to measure the speed and the extent
of the composting process. The optimum range for the mesophilic phase is between
159C and 459C, in this period, the bacteria will colonise the compost and start the
process; after this, the temperature will vary between 462C and 64°C, where the
thermophilic bacteria and some fungi will colonize and degrade the solid waste
(Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002). When the substrate for the
microorganisms is finishing, the process starts to decrease its temperature, this is
called maturation phase.

Table 5: Dewar Self-Heating Increments, Rating and Description of Stability Classification Based on the
European System

Temperature Rise Official Descriptors of Class or .
Above Ambient Class of Grou RlanNeraun
Stability P
0-102C v Very stable, well-aged
compost Finished
. ; Compost
10-202C v Moderately stable; curing
compost
20-302C 1 Material §t111 decomposing;
active compost Active
Immature, young or ver Compost
30-40°C 1 re, young y
active compost
40-502C or more I Fresh, raw compost, just Fresh
mixed ingredients Compost
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Specifically, if one of the objectives is to kill pathogens, weed seeds and fly larvae, the
internal temperature of the pile in Indonesian windrow system must be at 552C for 5
or more days, and for in-vessel composting and aerated static pile, the temperature
must arrive to 559C for at least 3 days (Wei & Liu, 2005). Still, if the compost presents
excessive temperature, the process will slow down since many microorganisms
involved in the activity will die or become dormant (Hoornweg, Thomas, & Otten,
Urban Waste Management: Composting and Its Applicability in Developing Countries,
2000).
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Figure 11: Temperature profile.
Taken from: http://www.depi.vic.gov.au/agriculture-and-food /farm-management/recycling-and-waste-
management/composting-spoiled-hay

Material conditioning

the physical structure of the material influence in a great manner the composting
process, characteristics such as porosity, structure and texture are fundamental for
obtaining good quality compost. The porosity measures the spaces of air that lay
inside the layers and impacts the airflows; the rigidity of the particles and the
capability of avoiding compaction are also relevant; the texture is related with the
surface that is available for the microorganisms to live (Rink, 1992). In general, a
particle size which is smaller will increase the aerobic decomposition rate, since the
available surface area is also bigger. All of this will increase the composting rate and
so from it might depend the total time to produce the final product (Hoornweg,
Thomas, & Otten, Urban Waste Management: Composting and Its Applicability in
Developing Countries, 2000).

pH

Even if composting might happen in a wide rage of pH, because of the diversity of
microorganisms involved, in an optimal process the pH level should be between 6 and
8. Despite most of the municipal solid waste has a pH that ranges between 6.5 and 7.5,
the final product should have a pH between 7 and 7.5 (Mbuligwe, Kassenga, Chaggu, &
Kaseva, 2002). At first, the changes in the pH are due to the formation of ammonia or
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organic acidic compounds, later, the pH will rise since these acids are nourishment for
some microorganisms (if higher oxygen concentrations are established), however, the
final product should have a stable pH (Hoornweg, Thomas, & Otten, Urban Waste
Management: Composting and Its Applicability in Developing Countries, 2000).
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Figure 12 pH Variations.
Taken from: http://ohioline.osu.edu/b792/b792_4.html

Aeration and oxygen concentration

The consumption of oxygen by the microorganisms is maximum during the early
phases and it will gradually decrease as the material approaches to its maturity. In
general, the availability of oxygen will increase the composting rate and so it will
decrease the composting time (Wei, Fan, Wang, & Wang, 2000). When there is not
enough oxygen for the biological processes, the composting process will slow down
and it might create an anaerobic decomposition of wastes, which presents potential
odours (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). Consequently, choosing an adequate
aeration method is very relevant for the process.

Nutrients and C/N ratio

Carbon is needed by the microorganisms for energy supply while nitrogen is needed
for protein and reproduction, in an optimal case the relation between these two
elements, which is called the carbon nitrogen ratio (C/N), should be 25:1 to 35:1, in
this case the carbon considered is the biodegradable one; higher ratios might be
possible but it will probably decrease the efficiency of the process (Mbuligwe,
Kassenga, Chaggu, & Kaseva, 2002). In addition to carbon and nitrogen, the most
important elements in the composting process, the microorganisms need other
primary nutrients such as phosphorous and potassium and trace amounts of sulphur,
calcium, sodium, iron and magnesium, which are usually available in adequate
amounts in the organic material (Hoornweg, Thomas, & Otten, Urban Waste
Management: Composting and Its Applicability in Developing Countries, 2000)
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Humidity

The humidity depends mainly of the size of the particles and the physical
characteristics of the raw material. The optimal value varies between 40% and 60%
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). If the humidity is below 40% there will be
low microbiological activity and so the process slows down, instead, if humidity is

above 60% there might be problems of structure of the material and excess of
leachate.

Microorganisms

The main microorganisms involved in composting processes are the bacteria, fungi
and actinomycetes. Their activity and diversity will depend on the temperature range
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000).

General Overview of the process
Table 6 shows the appropriate conditions of each one of the factors to take into

account during a composting process; moreover, it specifies the possible problems
that might occur during the process and recommendations to improve the procedure.

Table 6: Factors to measure, possible problems and solutions

Appropriate conditions
Possible .
Factors . . . Solutions
Mesophilic Thermophilic Maturation problems
Temperature Temperature
below the level might be
Below or modified with
Temperature 15-45°C 46-70°C equal to changes in
30°C Temperature aeration and
above the level humidity
conditions
Apply slaked
Compost is acid lime (Calcium
p hydroxide) or
ashes
pH 6-7 8-9 7.8 Apply shavings,
sawdust (from
Compost is basic wood) or acid
salts such as
sulphate or
trisulphate
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Excess of
aeration:
decrease in the
temperature and
higher

Decrease the
frequency of the
turning of the
compost pile

Aeration Well aerated evaporation rate
Lack of aeration: Increase the
anaerobic frequency of the
processes in the turning of the
center of the pile compost pile
Higher ratio: Mix the moisture
decrease the with sawdust or
efficiency of the straw (Carbon-
process rich compounds)
C/N Ratio 25:1-35:1
Apply manure,
Lower ratio: urea, ammonium
smell and lost of nitrate
Nitrogen (Nitrogen-rich
compounds)
Below 40%: low
microbiological Apply water
activity
Humidity 40-60% Over 60%: Let the compost

problems of
structure of the
material and
excess of
leachate

dry until it gets

the appropriate
humidity
conditions

During the composting process, the raw material changes its colours and shows
shrinkage. At the end of the process, when the compost is stabilized, its volume has
decreased (Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002). In addition to this, in order
to know whether the compost is mature enough or not, two parameters should be
measured: the Germination Index (GI) which should be more than 80% and the
Chemical Oxygen Demand (COD) whose reduction rate should be less than 5% (Xu,
1999). When the compost has arrived to a curing or mature state, the temperatures
and the consumption of oxygen are lower since less heat is generated and the
evaporation is reduced. In this stage, the aerobic decomposition of resistant
compounds continues, such as large particles or organic acids (Wei00), besides, the
concentration of humus increases and “allows the compost to gain disease suppression
qualities” (Rink, 1992). If the compost is not completely mature, is not beneficial for
the plants since it might have high levels of acid compounds, continues with the
consumption of oxygen, competes for nitrogen with the plant (due to the high C/N
ratio) and it is possible that it damages the plant growth (Hoornweg, Thomas, & Otten,
Urban Waste Management: Composting and Its Applicability in Developing Countries,
2000).
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According to some studies, the source separation, or the separation of the organic
fraction from the recyclable fraction directly in the households is advantageous for the
quality compost. In general, source-separated solid waste generates higher quality
compost with respect to the non-source separated municipal solid waste. Therefore,
the attention to source separation and the control of the parameters previously
mentioned, the standards for good quality compost can be reached (Hoornweg,
Thomas, & Otten, Urban Waste Management: Composting and Its Applicability in
Developing Countries, 2000). Anyway, compost can also be produced from yard wastes,
wood chips, composted bark and other residues from pulping or food industries and
breweries; as the compost production tends to increase, new feedings materials can
be used (Sxbe & Ferrini , 2006).

Methods

There are different ways to perform this process according to the physical resources
and methods used, these are classified into: wind-rows composting and in-vessel
composting. The first one refers to the placement of the wastes in long narrow piles,
which are turned to enhance the aeration, their height might be around 90 cm and the
width can vary between 3 to 6 meters, what determines the dimensions is mainly the
equipment used for turning the piles and the rate of air exchange will depend on the
porosity of the material; it is important to take into account that if the pile is too large
or too high, anaerobic zones might be produced in the centre of the pile but if the
dimensions are too small, the pile might lose heat rapidly and it might not achieve the
required temperatures to evaporate moisture and to kill pathogens; within the wind-
row composting there might be: passively aerated wind-rows, where the air is
supplied through a perforated pipe embedded in each wind-row, hence removing the
need of turning the pile or aerated static pile, where the air is supplied thorough the
pipes but with a blower, this allows larger piles and also eliminates the requirement
of turning the pile (Misra, Roy, & Hiraoka, 2003).

Figure 13 : Windrow Composting.
Taken from: http://www.fao.org/docrep/007/y5104e/y5104e07.htm
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About in-vessel composting, it can be said that it denotes the methods where the
composting material is confined within a building, a vessel or a container (NRAES,
1992); including forced aeration and mechanical turning techniques. Some of the
methods included in this classification are: Bin composting, which is the simplest one,
where the materials are contained by walls and protected by a roof; in this structure,
it is easier to eliminate weather problems, contain odors and have a better control on
the temperature; the aeration might be forced in the floor and there can be little or no
turning of the piles, where numerous bins are used, it might be useful to move the
material from one bin to the next in a periodical way. Besides, there is also the
rectangular agitated beds, where the bed system has aeration and also periodic
turning, the composting occurs between the walls of long and narrow channels, also
called beds; usually the turning is done in a mechanical way and the presence of
aeration pipes in the floor of the bed improves the aeration system, in this case the
width ranges from 1,8 to 6 m and the depth might change between 90 to 300 cm.
Another in-vessel method is the silo, where each day the compost material is removed
from the bottom and loaded to the top by an auger and the aeration system blows the
air up from the base. There are some other techniques such as rotating drums and
transportable containers but they will not be discussed in here (Misra, Roy, & Hiraoka,
2003).

Figure 14 Bin Composting.
Taken from: http://www.fao.org/docrep/007/y5104e/y5104e07.htm

However, in general the simplest and easiest method is the windrow systems, which is
an outdoor method, where long rows of waste (windrows) are turned in order to
aerate and mix the waste, this turn can be made mechanically (with the use of
vehicles) or manually; and the most expensive and much more complex alternative is
the enclosed composting operation, which is more sophisticated and usually
automatically controlled by a computer, it has automated aerating tunnels, channels
and box processes; the aeration process uses forced aeration systems and takes into
account some environmental measures to control the emissions and the odours (Slater
& Frederickson, 2001).
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Figure 15 Enclosed and mechanized composting
Taken from: http://www.edmonton.ca/for_residents/garbage_recycling/edmonton-composting-
facility.aspx

Usually, when the windrow system is not mechanized it is called “Indonesian
Windrow Technique”, which is a thermophile and aerobic composting procedure
(Zurbrugg & Aristanti , 1999). In this technique, the organic solid waste is mixed with
other organic materials such as garden waste and sawdust and then it is piled around
triangular aerator rack, made of bamboo or wood, which will allow the air circulation
inside the pile (Zurbriigg C. , Drescher, Rytz, Magsood Sinha, & Enayetullah , 2005).
Generally, the composting process with this technique lasts about 50 days, but this
number might change according to the environmental conditions of the area and the
aeration efficiency; specifically, the first phase of the process is the mesophilic one,
where the temperature varies between 302C and 452C and the second phase is the
thermophilic one, where the temperature might be between 459C and 702C. (Zurbriigg
C., Drescher, Sinha, & Enayetullah, 2002).

Another technique wide spread in developing counties is the vermicomposting
method, which uses worms, usually red wigglers or other earthworms, to decompose
the organic matter (Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004). These
species consume the organic residues in a fast way and fragment them in small
particles while the residues passes through their organs; moreover, the fecal material
produced by these worms is much more fragmented and microbially active than what
they consume “During this process, the important plan nutrients in the material
(particularly the Nitrogen, Potassium, Phosphorous and Calcium) are released and
converted through microbial action into forms that are much soluble and available to
plants than those in the parent compounds” (Ndegwa & Thompson, 2001)
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Figure 16 Vermicomposting.
Taken from: http://thegrowinghome.net/2011/09/vermicomposting-workshop-and-potluck-this-
saturday-917/

Table 7: Technologies for composting processes

Technology Description Classification
Indonesian
Not .

i i mechanized Windrow
Wmd-ro.ws Placement of wastes in Technique
composting long narrow piles -

. Aerated Static
Mechanized .
Pile

Composting material is Bin composting

In-vessel confined within a .
. . Rectangular agitated beds
composting building, a vassel or a
container Silo
Earthworms
Vermicomposting decompose the organic
matter

Processing plants: centralized vs decentralized

Composting can be done in large or small scale. Generally when it is done in large
scale and involves the process of the wastes of a city or a relevant urban area it is
called centralized composting, centralized composting often treats between 10 to 500
tonnes per day, due to this, the environmental, technical and social considerations
become more important and rigorous. Decentralized composting might be done in
different places in the same city or in rural households; in the decentralized
community composting, the composting is done in a neighbourhood or in a small
community, this approach is generally cheaper than centralized composting
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(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). According to (Zurbriigg C. , Drescher, Patel
, & Sharatchandra , 2004). “The term ‘decentralised composting’ is used here for schemes
receiving the main organic waste bulk from the neighbourhood where the composting
site is located”.

About centralized composting it is important to notice that when the area is very
limited, and due to the amount of wastes, high technological intervention is needed. If
there is a wide area available for the composting project, a large inventory of slowly
composting material over a long cycle of processing, the technological intervention is
not high; in a middle situation, with less area available, mechanical turning in an
appropriate time could be enough to handle the material in an adequate way; on the
other hand, if the area is very restricted, high technological investments should be
done, specially in the aeration system, in order to have an adequate transformation
rate (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000).

Most of the centralized plants for large scale composting in urban areas, highly
encouraged in 1970’s were not economically viable in developing countries (Dulac,
2001), there are only a few plants that were viable and are currently in operation
(United Nations Development Programme, 1991). The main problems were generated
for the high cost of transport and operations; besides, the marketing of the final
product has not had a efficient strategy, consequently, the profits that were expected
have not been reached, making these plants non sustainable in the long term
(Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004). In general, small scale and
decentralized strategies for composting have been more effective in developing
countries if they manage overcome the problems generated on the sale of the final
product (Zurbriigg C. , Drescher, Sinha, & Enayetullah, 2002).

High-income countries have been the pioneers of large-scale municipal composting,
which seems to be originated in Holland in 1929 with the set up of N.V. Vuilafyoer
Maatschappii (VAM) by the government of Holland (Gray & Biddlestone, 1980).
However, the first efforts to organize a large-scale municipal composting project,
handling municipal solid waste, began in the 1970’s up to 1980’s; but some problems
were found as the heavy contamination of the compost with inorganic fragments
(glass or plastics) which were impossible to completely detect, farther, the compost
had high concentration of heavy metals such as mercury and lead and coming from
the households wastes. To solve these inconvenient, the separation on source
approach was developed, with this idea the raw material for compost would be much
cleaner and so there would be more acceptance of the final product in the market
(Slater & Frederickson, 2001).

With the years, high-income countries have established wider and increased
legislation standards. These policies have encouraged in an important way the
development of other composting facilities through the European continent.
According to (Barth & Kroeger, 1998) “European policy exhibits a trend towards rapid
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development of source segregated organic waste composting”. In Europe, around 15%
(9 million tonnes) of the organic waste is treated through composting processes with
source separation and centralized plants. Austria, Denmark, Netherlands, Germany and
Belgium are leading these initiatives and collect and compost 85% of all the organic
wastes collected and composted in the whole continent (Slater & Frederickson, 2001).
Other countries with poor separation schemes produce compost with municipal solid
waste that is not completely segregated and so the quality of the compost is not very
good (de Bertoldi, 1999).

In addition to this, European countries have started with other composting
approaches as on-farm sites, where in average 1500 tones per day are handled and
community compost sites, where typically 100 tones per day are treated. In many
cases, these projects include not only organic solid waste from households but also
garden or green waste (Slater & Frederickson, 2001). These projects usually employ
unsophisticated technologies, even if the interest on mechanical and biological
treatment technology applied to municipal solid waste is increasing.

In developing countries, the principal problems concerning large-scale and
centralized composting plants to manage municipal solid waste come from the
transportation conditions; the roadways are not adequate for the vehicles and the
access is sometimes impossible; besides, in many countries there are not adequate
vehicles to collect the solid wastes and in some others, where the vehicles are
available, these might not be in good conditions. Further, usually the adequate
composting equipment is very expensive and difficult to afford and the area required
to carry out a large-scale project is not easy to acquire.

Therefore, decentralized composting, which requires a lower budget and solves in a
way the transportation issues, might be a better choice (Zurbriigg C. , Drescher, Rytz,
Magsood Sinha, & Enayetullah , 2005). Other proposals such as home composting might
as well be encouraged, this idea eliminates completely the transportation problems
and the compost might be used for gardening and ornamental plants, avoiding also
the marketing step; the disadvantages of home composting are the limitations of
space and the lack of knowledge to perform the composting procedure in a correct
manner (Korner, Saborit-Sadnchez , & Aguilera-Corrales, 2008).

It is important to take into account that decentralized composting, which projects are
usually organized by citizens and communities, cannot grow in capacity in an
unrestricted way; most of the urban decentralized composting projects do not manage
more than the wastes from 1000 households, even if they are supported by the NGO
or similar organizations. Typically, a community composting plant handles between
50 and 300 kg of waste each day (Zurbriigg C. , Drescher, Patel , & Sharatchandra ,
2004), or the organic wastes of around 1000 households at most.

There are other initiatives of small and middle-size composting plants proposed by

the private sector, their average capacity is 5 tons of organic wastes per day and most
of them use the vermicomposting method, the solid wastes treated in this kind of
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initiatives come directly from city markets or from food and beverage industries’
residues; thus, they treat pure organic waste (Zurbriigg C. , Drescher, Patel , &
Sharatchandra , 2004). Table 8 synthetize the differences between the centralized and
decentralized composting.

Table 8: Differences between centralized and decentralized composting processes

Centralized Composting Decentralized Composting
eHigh investment cost eLow investment cost
eHigh transportation cost eLow transportation cost
eHigh operation cost eL.ow operation cost
*Big technological requirements eSmall techonological requirements
eComposting project mainly done by eComposting project mainly done by
the municipality or specialized the community
enterprises eArea requirements is higher
eArea requirements is smaller eMarketing is difficult
eMarketing is easier eHard to reach legislation standards
eEasy to reach lesgilation standards eRestristed capacity
Unrestricted capacity «Un-controlled or poorly controlled
eMore controlled process: better process: quality of the compost might
quality of the compost not be so good

Risks and advantages

Advantages

Process advantages

Composting presents several advantages with respect to other methods to handle and
treat organic solid wastes. Compared with, for example, anaerobic processes for
decomposition of wastes, the composting process has the following advantages: the
anaerobic process is slower than the aerobic composting, anaerobic processes
produce more compounds related to repulsive odours than aerobic processes,
composting process develops a high temperature, which is favourable for the
destruction of different pathogens, eggs and larvae of flies. The main advantage of the
anaerobic processes is the production of biogas (mainly methane), which allows the
recovery of energy “The anaerobic digestion process is attractive because it achieves
complete stabilization of the waste with a net energy recovery” (Tchobanoglous, Theisen,
& Vigil, 1993). The production of biogas is a widespread practice, mainly performed in
India and China, where the agro waste material is also processed (Mbuligwe, Kassenga,
Chaggu, & Kaseva, 2002). The main differences between aerobic and anaerobic
processes can be seen in Table 9.
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Table 9: Main differences between composting and anaerobic processes

eFaster process

Not significant odours

eDestruction of pathogens and larvae due to high
temperatures

*No production of biogas

Slower process

*Odours

*No destruction of pathogens and larvae

*Energy recovery through the production of biogas

Specifically, anaerobic digestion as a process of food waste (organic waste) can reach
a generation of 376 m3 of CH4/ton of waste (EPA, 2014) that can be exploited as a
source of energy while in aerobic process the generation of methane gas is irrelevant
(from 0,03 to 8 g of CH4 per kg of waste on wet weight basis) (Opportunities, Methane
Emissions During Composting, 2013). With respect to the emissions of green house
gases, as it can be seen in Table 10, if in anaerobic digestion the gas generated is used
to produce energy the total CO; equivalent emissions are lower than the landfill ones
and the composting process; on the other hand, the landfill is the treatment that
generates more CHjs as a green house gas (Aprilia & Tezuka , 2013).

Table 10 GHG emission comparison in each treatment method. Aprilia & Tezuka , 2013

Emissions (grams GHG per tonne waste)
Waste treatment CHa N,0 COzeq (kg per
tonne waste)
35,85 x 103
Landfill 0 75,3 x 104
Home or 3
communal <10 300 18,1 x 10*
composting
i 3
Ar_laer(?blc 1x10 Assumed negligible 23x 103
digestion
i 3
Composting 4x 10 300 18,1 x 104
centre
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Figure 17 Anaerobic Digestion Plant.
Taken from: http://www. fitariffs.co.uk/FitAdvisor/choose/AD/

On the other hand, if composting is compared with landfilling processes, which are
very common in developing countries, the advantages are mainly related to the area
used, which with composting can be reused after some months while in landfilling it
takes decades to be available again; to the usage of the final product as a fertilizer or
soil remediation and to the emissions, taking into account that landfill gases emissions
are nearly one half of the total anthropogenic sources of methane, besides, the
methane is 19 to 21 times more relevant or potent as a green house gas than carbon
dioxide. Even if composting process produces carbon dioxide, it can be considered as a
neutral process because the removal of the carbon dioxide from the atmosphere might
be done by the plants through the photosynthesis (Hoornweg, Thomas, & Otten, Urban
Waste Management: Composting and Its Applicability in Developing Countries, 2000).

In developing countries, composting might improve the quality of life of the residents
through the progress of the waste situation and management in the community.
Globally, with a decentralized composting project, the residents become not so
dependent from the poor municipal service on waste collection. Besides, the cost of
investment and operations are reduced, new employment opportunities are
generated adding new sources of income to the society and the quantity of waste to be
transported to the dump or to the landfill are significantly reduced, reducing the cost
from transportation and the amount of waste to be disposed in the centralized facility
(Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004).

Should be taken into account that with an alternative method to treat solid wastes,
such as composting, developing countries might reduce their quantities of waste that
are blocking canals, drains and rivers, since as it is known in many places the solid
waste is thrown in open dumps or in water bodies because the households do not
have the possibility of collection or of the disposal of the waste in an adequate way.
Besides, the stagnant water present perfect conditions for the reproduction of
mosquitoes, which are potential transmitters of different diseases as malaria and
dengue fever. Besides, the use of compost as an alternative treatment can contribute
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significantly to the improvement of air quality conditions, which lead to respiratory
illnesses such as chronic bronchitis because the burnt of the waste, that is very used in
low and middle income countries, is reduced (Hoornweg, Thomas, & Otten, Urban
Waste Management: Composting and Its Applicability in Developing Countries, 2000).

Globally, the composting process to treat municipal solid waste has several
advantages, just from the point of view of the treatment and without taking into
account the benefits from the final product, some of them are: the reduction of the
volume of wastes, the death of pathogens that might be present, the destruction of
malodorous compounds, among others (Jakobsen, 1995). As it was mentioned before,
the quality of the municipal solid waste compost might change with different
conditions as the facility design, the feedstock source, the proportions used, the
procedure and operation, the length, etc. (Hargreaves, Adl, & Warman, 2008).

Other advantages of the composting processes are: the relative low cost (capital and
operations expenditure) with respect to other solid waste treatments, the possibility
of treating a high percentage of the total produced solid waste, specially in developing
countries where the organic fraction is higher than others, the enhancing of other
processes such as recycling and incineration by removing organic matter from the
waste stream and the production of a final product which might be sold and may be
useful not only for farmers as a fertilizers but also generating an income which helps
with the economic sustainability of the plant. Thus, composting recycles the organic
material and takes it back to the soil where it may be useful and needed. Knowing this,
composting can be seen as a foundation of the sustainable development related with
the solid waste and should not be ignored or neglected in an integrated solid waste
management strategy (Hoornweg, Thomas, & Otten, Urban Waste Management:
Composting and Its Applicability in Developing Countries, 2000).

Further, composting is a process that provides numerous opportunities such as the
possibility of implementing it in different levels since it is a flexible alternative and
might be implemented from households to centralized urban facilities; the climate in
many developing countries is optimum for the composting process; besides,
composting may generate significant health effects coming from the organic waste as
the reduction od dengue fever; the process is easy to adapt according to the changing
needs from seasonal fluctuations, for example it could handle leaves and crop
residues; moreover, composting can be a way of integrating different sectors of the
society, specially the informal sector which are usually involved in the collection,
separation and recycling of wastes (Hoornweg, Thomas, & Otten, Urban Waste
Management: Composting and Its Applicability in Developing Countries, 2000); in
addition to this, composting gives an exceptional opportunity to improve the overall
waste collection programme.

Concerning the decrease of the volume on wastes, studies as (Mbuligwe, Kassenga,
Chaggu, & Kaseva, 2002) say that the organic waste can achieve more that 60% of
volume reduction; in general, it was concluded that if all the organic waste was
treated by composting processes, the reduction of municipal solid waste to be
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disposed would be over 70%. Moreover, with the adequate conditions, the compost
can reach the stabilization level within 23 days; when this level is achieved, the
environmental sanitation conditions are also improved, suggesting that with a small
improvement in the solid waste management strategy, there would be environmental
sanitation improvement effects (Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002).

Compost application advantages

One of the major benefits of the use of municipal solid waste compost in the soil is the
high organic matter content and low mass density (Soumare, Tack, & Verloo, 2003). If
the municipal solid waste compost is applied frequently, the organic matter of the soil
will increase as well as the soil C/N ratio, even to higher levels than those of the non-
amended soil (Garcia-Gil, Ceppi, Velasca, Polo, & Senesi, 2004) (Montemurro, Maiorana,
Convertini, & Ferri, 2006) (Walter, Martinez, & Cuevas, 2006). Moreover, the high water
holding capacity of the solid waste compost affects the soil and improves its water
holding capacity (Soumare, Tack, & Verloo, 2003), condition that may be beneficial for
the plant but will depend completely on the weather and environmental
circumstances (Hargreaves, Adl, & Warman, 2008).

In the last decades, the soil ecology has started to be used as an indicator of the soil
quality, considering that the microbiological properties of the soil are the most
sensitive to variations in the soil environment (Pankhurst, Doube, & Gupta, 1997)
(Crecchio, Curci, Mininni, Ricciuti, & Ruggiero, 2001). According to (Crecchio, Curci,
Pizzigallo, Ricciuti, & Ruggiero, 2004) the soil basal respiration rate, which is used to
measure the microbial activity, increased when the compost from municipal solid
waste was applied to the soil; a different measure of the microbial activity in the soil
are the soils’ enzymes, which are involved in the metabolism of the principal nutrients
(Crecchio, Curci, Pizzigallo, Ricciuti, & Ruggiero, 2004) and it was found that the
compost stimulated the transformation of organic phosphorous into its inorganic
form, that is the available form of P for the plants (Perucci, 1990).

Medium and long-term studies have been done to study the soil microbial activity and
fertility when compost is applied; as an example there are two researches, one was
done in Italy by (Crecchio, Curci, Mininni, Ricciuti, & Ruggiero, 2001) and other one in
Spain by (Pascual, Garcia, & Hernandez, 1999). Both studies concluded that the
application of compost to the soil have positive effects on the respiration rate of the
plant, on the microbial biomass concentration and on the enzymatic activity of the
soil, besides, they determined that there was no effect on the biodiversity of the
bacterial community in the soil. Usually, when the compost is applied to the soil, the
microbial biomass content increases due to the addition of substrate, in spite of this
fact, in some cases the overall biomass decreased which might be a result of the
presence of heavy metals in the compost but it might also happen for the high stability
and humification of the organic matter in compost that increased the resistance to
microbial attack (Garcia-Gil, Plaza, Soler-Rovira, & Polo, 2000).
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Basically, the studies concluded that according to the molecular and biochemical
results, the application of the municipal solid waste compost was advantageous for
the soil; the negative effects were insignificant on the biological components of the
soil. Besides, the compost enriched the soil fertility taking into account the crop
production and quality. Referring to the content of Cadmium, it can be said that
regardless the source it is present in small amounts, and even if there is a little
increment on its concentration on the soil when the compost is applied, this
concentration is below the toxic limits and it does not pose a risk for the soil ecology
(Smith, 2009). Globally, “the municipal solid waste compost present little risk to crops or
to the food chain through the soil-crop-human exposure pathway” (Smith, 2009)

The high-quality compost presents many different compounds, which are the ones
who influence the biological processes in the soil. Generally, the compost application
improves the physical and chemical soil characteristics (Obreza, Webb, & Biggs, 1989).
The microorganisms present in the mature compost generate “better plant resistance
to disease after an effect on the plant, effects on harmful disease organisms or changed
competition between soil organisms such that the effects of disease are less detrimental
to the plants” (Fichtner, Benson, Diab, & Shew, 2004). It is important to take into
account that to produce these effects, the compost should mature with a content of
water between 45% and 55% trying to avoid the problems with fungi. Nonetheless,
the effect on the plant diseases generated by the compost is linked to some other
conditions (Sebe & Ferrini , 2006).

As it was previously mentioned, the quality of the compost might vary, prime quality
compost can be used for agricultural soils, while the secondary quality compost may
be used in gardens, parks or for the improvement of the landscape and forest (Manios,
2004). In the last case, compost can be seen as a fundamental product for agro-tourism
projects or natural tourism in general (Domingo & Nadal, 2009). However, it has been
found that there might be cultivation problems of plants growing in amended soil
(with compost) in urban green areas, and these problems are usually related to the
soil conditions (Craul, 1992), consequently, the benefit of compost might change
according to both its quality and the soil where it is planned to be applied (Sxbo &
Ferrini , 2006).

As is known, the quality and maturity of the compost that is applied to the plant has a
direct impact on its growth; if the compost is not mature enough or contains some
elements that are not beneficial, the plant might be killed or present serious damages.
In many cases, where the quality of the compost is not optimal, it is recommended to
mix the compost with sand or other constituents that would modify the pH, nutrient
concentration and conductivity while improving the physical properties of the
medium (Szbe & Ferrini , 2006). However, if the compost is mature it might improve
also promote the chemical decontamination, since during the degradation of organic
wastes on the composting process the chemical contaminants might be implicated in
the transformation process, changing its structure to more stable and non-
contaminants compounds (Déportes, Benoit-Guyod, & Zmirou, 1995)
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To determine if the compost is mature the C:N ratio should be observed since it is a
suitable indicator of the stability of the compost (Goyal, Dhull, & Kapoor, 2005).
Globally, the stability of the compost is its capacity to support biological activities; as a
consequence, C:N might not be the only factor to determine the stability of a compost
(Suzuki, Ikumi, Okamoto, Watanabe, Fujitake, & Otsuka, 2004). Sometimes, even if the
compost might seem stable, it is not and might generate problems in the plant, this
may happen due to the lack of oxygen or the lack of water during the composting since
it slows down the process (Sebe & Ferrini , 2006). From a different perspective, the
mature compost do not have substances than inhibit the seed germination or the plant
growth (Roe, 1998), the acetic acid is one of the damaging organic compound that is
released by non-mature compost and which may have a phytotoxic effect when it is
applied to a plant (Ozores-Hampton, Compost as an alternative weed control method,
1998), other substances similar to this one are the ethanol, the acetones, the
acetaldehyde, among others (Sabeg & Ferrini , 2006).

According to a research done by (Wang, Changa, Watson, Dick, Chen, & Hoitink, 2004),
the availability of Nitrogen is one of the most important quality factor that limits the
growth of a plant, nonetheless, the optimal mix can change from one specie of plant to
the other, in this case, the study was done with cucumbers. Furthermore, poor soils
had a favorable response to the application of amendment compost with
microorganisms (Medina, Vassilev, Alguacil, Roldan, & Azcon, 2004), however, the
amount of compost to be applied should be determined according not only to its most
important characteristics, such as Nitrogen content, lime content or organic matter
content (Saebe & Ferrini , 2006) but also the type of soil and the climate, which are
important factors and change from place to place; besides, these last two
characteristics will determine the plant specie that could grow since each plant has
different needs with respect to soil properties and environmental conditions; in this
order of ideas, the quantity to be applied should be adapted according to the land
management and conditions, therefore, the challenge is to find the optimal amount of
soil amendment taking into account the quantity of organic matter (Sebe & Ferrini ,
2006).

The kind of feeding material will determine the conductivity of compost; in this case
the source separation becomes very important for the quality of the compost, in some
cases, when the compost is mixed with other materials the conductivity can be
reduced to acceptable levels. As it was previously mentioned, each one of the species
of plants has different tolerance to external factors such as conductivity; for example,
“species with a superficial root system (e.g., Rhododendrons) are especially vulnerable to
high salt levels” (Amlinger, G6tz, Dreher, Geszti, & Weissteiner, 2003). Furthermore, if
the ratio C:N is lower than 20, the plant will not have enough Nitrogen available. It is
important to consider if that very large amounts of compost are applied to the soil and
the soil has a well-drained characteristic, the soluble nutrients might end up in
drainage or runoff water, which might pollute groundwater and nearby streams or
lakes ” (Amlinger, Go6tz, Dreher, Geszti, & Weissteiner, 2003).
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In general, the final product of compost process applied to the soil is an amendment,
which is more interesting from the point of view of the improvement of the soil
characteristics than for its value as a fertilizer (Déportes, Benoit-Guyod, & Zmirou,
1995); the recycle of the organic matter back into the land improves the conditions of
the soil in several ways as the maintenance of the soil structure, the improvement of
the physical properties, the encouragement of microbial activity, the provision of
potentially available plant nutrients (Hesse, 1984), the decrease of the susceptibility of
the soil to erosion, the improvement of water retention capacity (Déportes, Benoit-
Guyod, & Zmirou, 1995), among others (Hoornweg, Thomas, & Otten, Urban Waste
Management: Composting and Its Applicability in Developing Countries, 2000). In other
words, composting is a potential method to return to the soil valuable nutrients and
organic matter that are needed for the healthy growth of the plants (Zurbriigg C. ,
Drescher, Rytz, Maqsood Sinha, & Enayetullah , 2005). Some of the specific conditions of
the soil that are improved are:

* pH: When the municipal solid waste compost is applied to the soil, its pH
increases. This might be a consequence of the mineralization of carbon and
consequently the production of OH* ions and the insertion of other basic
cations as Ca?*, Mg?* and K* (Mkhabela & Warman, 2005). According to the
increase of the pH, the application of compost may be very favourable for the
growth of the plant; it should be taken into account that when a large quantity
of calcium is present in the compost, the CaCOs3 the buffering capacity in the
compost will also be very high and this might generate an important
augmentation of the soil pH (if large amounts of compost are applied) which
can not be very healthy for the plant (Sebe & Ferrini , 2006). On the other hand,
a little increase on the pH might help to mitigate the availability of heavy
metals (Hargreaves, Adl, & Warman, 2008).

* Phosphorous: According to some studies, the amount of phosphorous provided
by a fertilizer is equivalent to the phosphorous given by the municipal solid
waste compost (Iglesias-Jimenez, Garcia, Espino , & Hernandez, 1993). At first,
after the application, the mineralization rates of P were low, nevertheless, after
3 months the compost provided enough phosphorous for the growth of the
plant (Hargreaves, Adl, & Warman, 2008). When the compost is mature enough,
it has a high capacity to supply phosphorous to the plant because the
concentration of P in the solid waste compost tend to increase with time
(Wolkowski , 2003).

* Potassium: The study done by (deHaan, 1981) showed that the amount of K
available in municipal solid waste compost is equivalent to the amount of
mineral K provided by a fertilizer (Hargreaves, Adl, & Warman, 2008).

In spite of the fact that generally the compost is used as a soil fertilizer, it might be
also used as mulch; this is an old method of weed control (Ozores-Hampton, Obreza,
Stoftella, & Fitzpatrick , 2002). In this case, the compost inhibits the weed infestation
through the decrease of the amount of light that arrives to the weeds that germinated
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in the topsoil, moreover, the weeds that fall into the mulch, do not germinate because
of the dry top layer. On the other hand, the compost mulch captured some of the rain
water, decreasing the total amount of water available for the plants (Gilman &
Grabosky, 2004), this negative effect is mainly present during the first application of
compost after planting and becomes more risky during periods of drought. An
alternative to solve this problem is to apply to layers of compost of different
characteristics, nutrient-poor compost with big particles on the top and nutrient-rich
compost with small particles in a lower layer in direct contact with the ground (Sebe
& Ferrini , 20006).

Other proposal of compost use is as an alternative substratum in a soilless crop; this
condition creates an additional benefit because it can be integrated again to the soil
once its lifespan as a substrate has finished (Mazuela & Urrestarazu, 2004). For the
success of these kinds of crops, it is important to be very rigorous in the electrical
conductivity and pH of the substrate, the first one should be near 2,2 and the second
one should be between 5,0 and 5,5 (Mazuela & Urrestarazu, 2004). From different
studies it can be concluded that the compost is harmless from the phytopathogenic
and phytotoxic substances point of view, making it possible for a soilless crop to grow
in it without negative consequences in the production (Mazuela & Urrestarazu, 2004).

In some cases, if the compost presents high concentration of heavy metals or other
substances, which do not allow its use in agriculture, the compost might be used in
urban green areas or private gardens. Obviously, its application will depend on the
soil properties and plant species (Alexander, 2001). The usage of compost in urban
green areas is advantageous since with the use of mineral fertilizers the nutrients
removed are replaced but not the organic matter in soil (Amlinger, Go6tz, Dreher,
Geszti, & Weissteiner, 2003); in general, the most important long-term effect is the
increase of content of organic matter into the soil (Alexander, 2001). As an example,
due to the cost and properties of the compost, in the United States the largest
purchasers of compost are the landscapers, but as the production of compost tends to
increase it is probable that in the future, the compost will be more used in agriculture
and to manufacturers of soil mixes, keeping in mind that the main objective is not only
to treat organic wastes but also to produce a resource which can be very appreciated
by the green industries in particular (Sebe & Ferrini , 2006).
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Table 11: Main advantages of composting

Main Advantages of
Composting Process

Main Advantages of
Composting Applications

—

—

|:| No significant odours

|:| Destruction of pathogens, eggs and larvae of flies

If it is a decentralized alternative: partial
independence from poor municipal treatments

Reduce volumes of solid wastes to be managed in
the landfill or other disposal methods

Enhancing of other processes such as recycling and
incineration

I:I New sources of income

I:I Relative low cost

Flexible alternative with respect to volume, budget
and season

I:I Reutlization of the wastes as soil fertilizer

Risks

|:| Increase of organic matter of the soil

|:| Improve water holding capacity of the soil

I:I Improve microbial activity of the soil

|:| Positive effects on the respiration rate of the plant,

|:| Improvement on the enzymatic activity of the soil.

Enrichement of the soil fertility taking into account
the crop production and quality

I:I Better physical and chemical soil characteristics
|:| Usage as a mulch: old method of weed control

I:I Alternative substratum in a soilless crop

Even if composting presents some advantages over other treatments of organic solid
waste such as the cost, the environmental pollution and the possibility of using the
final product, there are still some uncertainties with respect to potential health
hazards generated by pathogens, persistent organic contaminants, presence of heavy
metals, among others. This is one of the reasons why in the compost quality the
presence of undesirable components as the ones previously mentioned are important

indicators to take into account (Rink, 1992).

There are mainly two routes for the contamination of population and the environment
through compost; the first one refers to the storage of compost, in this case oral
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contamination of biological and chemical agents through contamination hands might
be one possibility, specially for children, the contamination of the environment might
happen if the compost is storage in open air or in a condition which is not adequate to
protect it from the rain, in this case the pollutants are washed by the rain and
transported through the run-off water to other water bodies or percolated to the soil
(Déportes, Benoit-Guyod, & Zmirou, 1995); the second route is the spread of compost,
where the chemical contaminants may be bioavailable and the plant could digest
them; in this case, there is a risk of contamination through the food chain and might
generate consequences not only for humans but also for animals and for the ecological
community (Déportes, Benoit-Guyod, & Zmirou, 1995).

Figure 18: Composting Risks

Human Health Risks

The presence of heavy metals in the compost is one of the main difficulties to address,
especially in agriculture since the excess of heavy metals could increase the content of
heavy metals on the plants and on the crops and later these might deposited in our
body as a consequence of the food chain (Hargreaves, Adl, & Warman, 2008). When the
compost is generated from solid waste coming from households, the main sources of
heavy metal are common products such as batteries (mercury, cadmium, lead and
zinc), paints (chromium, lead, cadmium), light bulbs (lead), electronics (lead,
cadmium), cosmetics (cadmium, zinc) (Richard, Woodbury, Berslin, & Crawford, 1993),
plastics (cadmium, nickel, lead), leather (chromium), ceramics (cadmium, lead), paper
(lead), among others (Hoornweg, Thomas, & Otten, Urban Waste Management:
Composting and Its Applicability in Developing Countries, 2000).

To reduce the amount of heavy metals in the compost, it is recommended to separate
the organic solid waste directly in the source (households, in this case). In addition to
this, countries should be careful when adapting the compost standards from other
countries, specially low and middle-income countries adapting the standards of high-
income countries, since the standards and recommendations might vary from place to
place and should be done for specific environmental and cultural conditions
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). In this order of ideas, the (Bank, 1997a) set
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some factors for quality compost in Indonesia, still it might be possible for other
developing countries to adapt them, and these factors are presented below:

* “Heavy metals concentrations should be safe for use under all soil conditions

* (Compost has to be of a quality such that no leaching, or plant uptake, of heavy
metals will occur even under acidic soil conditions

* Prevent the accumulation of heavy metals even after repeated applications,
which might occur on lands near cities

* Guarantee all future land use options with standards set sufficiently low so that
site-specific controls, even after many years of application, are unnecessary

* Limited to only one class since laboratory testing facilities are usually too limited
to ensure the quality of two compost classes

* Prevent the gradual pollution of relatively clean lands

* (Conservative since testing costs tend to reduce testing frequency to an absolute
minimum

* Sufficiently stringent to promote development of composting procedures and
systems design that can be exported to other countries

e Encompass all soil amendments, such as worm castings from vermicomposting
operations”

The biological risk of the compost will depend on the microorganisms, which are
present from the raw material and through the complete process, in this order of
ideas, two types of microorganisms can be foreseen: the first one refers to the
pathogens present in the feedstock and organic waste used as raw material for the
composting process, it is probable that if the process has adequate conditions they
will disappear due to the high temperature reached in the thermophilic stage, usually
the ones that might cause negative consequences for humans come from the digestive
track. The second type of microorganisms are the ones that are developed and grow
during the composting process and that are in charge of the decomposition of the
organic matter, these are fungi, mesophilic and thermophilic bacteria and will not
generate any problem if the compost is mature enough when it is applied to the soil
(Déportes, Benoit-Guyod, & Zmirou, 1995).

Potential threats to human health may come from pathogens, specially the total faecal
coliforms (E. Coli, faecal Streptococci, Staphylococci, Salmonella and Shigella), but
these pathogens die during the compost process if the compost can reach
temperatures above 552C (Hassen, Belguith, Jedidi, Cherif, Cherif, & Boudabous, 2001).
Nonetheless, according to a study done by (Hargreaves, Adl, & Warman, 2008)
“regrowth of faecal coliforms was observed in all windrows tested and may have posed a
health risk when the piles were turned”. In a general way, the pathogens can be
classified in primary and secondary pathogens, the first one have the possibility to infect
healthy organisms while the secondary pathogens infect individuals with a weak
immune system (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting
and Its Applicability in Developing Countries, 2000). According to the classification of
pathogens, bacteria, helminthes, protozoan and viruses are primary pathogens and

64



fungi and actinomycetes are secondary pathogens; as an example, healthy individuals
who inhale large amounts of A. fumigatus spores, which are secondary pathogens are
not infected but pregnant women or people with problems in the immune system
could get an infection easily (Hoornweg, Thomas, & Otten, Urban Waste Management:
Composting and Its Applicability in Developing Countries, 2000).

As it was previously mentioned, the compost might have biological contaminants or
pathogens; it is probable that these microorganisms come from dirty discharged cloth,
faeces of domestic animals, putrefying foods or sanitary tissues (Déportes, Benoit-
Guyod, & Zmirou, 1995). Pathogens might be present in the nearby dust and emissions
from the compost process; this is why they are a main concern effect for both workers
and the general public even if compost workers tend to be more exposed since they
are in direct contact with the waste for a longer period of time; source-separation is a
good alternative to diminish the impacts on people through the decrease of the
probability of an injury and through the avoidance of compost contamination
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). According to some studies, mucous
membrane irritation (MMI) can be caused by endotoxins present in common gram-
negative bacteria and organic dusts, if the exposure to organic dusts is frequent some
other problems as itching and watering eyes and nose and throat irritation might
occur (Epstein, 1996).

As an example, a Danish research concluded that workers working on a municipal
solid waste composting plant presented symptoms of flu, eye and skin irritations and
respiratory problems (Epstein, 1996); however, in a study done in the United States,
specifically in Maryland and Washington, the researchers concluded that there was no
adverse effects related to A. fumigatus; the air capacity of the lungs did not change
significantly (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and
Its Applicability in Developing Countries, 2000). It is important to take into account that
it not possible to eliminate all pathogens from the final product, even mature compost
will contain pathogens, as does the natural soil. What the composting process should
do is to reduce the amount of pathogens, specially those that are not indigenous to the
natural soil, until the level is safe for human and animal health, otherwise they can
pose a risk of contamination (Hoornweg, Thomas, & Otten, Urban Waste Management:
Composting and Its Applicability in Developing Countries, 2000).

According to a research done by (van Tongeren , van Amelsvoort , & Heederik , 1997)
the adverse effects for human health generated by microorganisms present in the
municipal solid waste might include “pulmonary inflammation (acute inflammation,
hypersensitive pneumonitis), occupational asthma, and chronic bronchitis”. Further,
they concluded that the contact with organic dusts, generated by the municipal solid
waste, could cause gastrointestinal disturbances, fevers, and irritation of ear, eyes and
skin. Provided that people might be in contact with the solid waste for long periods and
if temperature is elevated, the proliferation of bacteria has the perfect conditions; in this
environment, endotoxins generated by the Gram-negative bacteria can cause fever,
respiratory problems, diarrheas and gastrointestinal disturbances (Douwes, Wouters,
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Dubbeld, van Zwieten, Steerenberg , & Doekes , 2000). However, one point should be
raised because it merit the attention, and it is the fact that if “the compost is used in
zones of grass, where animals are feeding, those animals ingesting until 6% of ground
(when they graze) can be significantly contaminated” (Fries, 1995).

Waste collectors and workers should have adequate conditions to avoid as much as
possible the direct contact with the organic solid waste. The contact hand-mouth may
also produce the ingestion of soil or compost (between 60 and 100 mg/day). Overall,
many personnel working on composting plants present health complaints about their
skin and upper airways, moreover, they have higher concentrations of specific
antibodies against some biological dusts and microorganisms which are present in the
organic solid waste. (Ivens, Hansen, Breum, Ebbehgj , Nielsen, & Poulsen, 1997) in a
study done in a composting plant found that 38% of workers complained about
hoarseness, 35% complained about cough, 23% complained about infections in the
respiratory organs, 18% complained about diarrhea, 13% complained about
disorders in joints and muscles and 12% complained about conjunctivitis;
furthermore, they reported a relation between the level of exposure to fungi spores
and reported diarrhea; frequently, the exposure limits for endotoxins and organic
dust were exceeded which generate a higher risk of diseases for workers.
Consequently, the first recommendation is to use a respirator mask (class P3) during
their work (Domingo & Nadal, 2009).

Referring to the chemical risks affecting human health there are three main ways of
exposure, the first one is the ingestion of soils which have been treated with compost
(specially children), the second one is the contamination through the food chain,
where vegetables or fruits might have toxic concentrations due to accumulation and
the third one is the dispersion of dust through the atmosphere, transporting
microorganisms and toxic compounds that might be inhaled (Domingo & Nadal, 2009).
One of the main problems of the compost process, due to the aerobic condition, is the
odour emitted by the compost and mainly formed by VOC compounds, specially this
occur when the fresh material arrive (Santa Coloma, del Hoyo, Blanco, & Garcia, 2000).
On the other hand, under anaerobic conditions, when the compost is not sufficiently
aerated, sulfur compounds, which have an intense odor, may be generated while when
the aerobic processes of degradation are not complete, some emissions of alcohol,
esters, organic ketones and acids might be generated (Santa Coloma, del Hoyo, Blanco,
& Garcia, 2000).

The effects of VOC emissions are well known and not only refer to the environmental
problems that generate, such as the photochemical formation of ozone in the surface
level and the reduction of stratospheric ozone, but also refer to the unfavorable effects
on human health. These compounds have great mobility and are persistent in time,
these characteristics made them easy to be inhaled, especially by people working or
living in places where these are emitted and present high concentrations. Even if some
VOCs are not classified as cancerigens agents y the International Agency for Research
on Cancer (IARC), they are known to be toxic and to potentially produce other
diseases; some other compounds such as 1,3-butadiene and benzene are known as
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potential agents to induce cancer, specifically leukemia and formaldehyde and PAHs
compounds might generate cancer as well (Domingo & Nadal, 2009). It is important to
know that the continuous inhalation of VOCs might generate certain effects on human
health different from cancer, for example they might alter the normal conditions of the
renal, hematological, neurological and hepatic systems; they may cause mucosal
irritation, which are very common, among others (Kampa & Castanas , 2008).
Moreover, but not so serious, the VOCs might cause indirect health effects due to its
odours, mainly nauseas, vomits, reactions of hypersensitivity and alterations in the
respiratory model (Eitzer, 1995).

As it was previously mentioned, The VOCs generated in the biodegradation of waste
produce odors that are not pleasant. The neighbors of the composting plant may
complain about it according to their odor perception, which, in fact, depends on the
experience, attitude and adaptation and even if the exposure concentrations do not
have toxicological relevance there might be a lack of acceptance of these kinds of
projects (Domingo & Nadal, 2009). However, according to (Miiller, Thissen, Braun,
Dott, & Fischer , 2004a) the sensory irritation and the psycho-hygienic effects should
be taken into account. In a different study, it was found that the percentage of
population living near composting sites with somatic symptoms was higher than the
corresponding control sample (Rief, Cuntz, & Fichter, 2001); the somatic symptoms
reported were not influenced by odors or relevant bioaerosol concentration except for
nausea related to unpleasant odors, these authors reported that “bioaerosol emissions
from that large yard-waste composting facility could significantly increase bioaerosol
exposure levels at least 500 m down- wind from the facility.. It was concluded that
exposure to organic dust in residential air affects airways of residents, while exposure at
homes due to organic wastes affects the skin.” Besides, they concluded the benzene was
the most hazardous VOC associated with composting processes (Rosenfeld , Clark,
Hensley, & Suffet, 2007).
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Figure 19: Human health risks of composting and mitigation alternatives

Environmental risks

Besides the health threat generated by composting process, the environment can also
be affected increasing in this way the potential risk of diseases not only for humans
but also for plants and animals. One of the main problems of municipal solid waste
composting refers to the content heavy metals on the final material which is a
consequence of the quality of the raw materials, in this case, household organic solid
waste. Globally, all the types of compost generated from municipal solid waste have a
higher concentration of heavy metals than the ones present in the soil; therefore, the
compost added as a fertilizer might increase the content of heavy metals in the
amended soil. In this order of ideas, the aerobic composting processes increase the
complexation of heavy metal elements in the organic waste, this action refers to the
chemical reaction that generates the formation of complex bonds; that is why the
metals are strongly leagued to the organic matter and might limit their potential
bioavailability in the soil and their solubility (Smith, 2009).

As it has been said, the amount of heavy metals present in the compost will depend
only from the quality of raw materials, which in other words signifies that “The input
metal content of the feedstock affects the final concentration in the compost, and
therefore, the availability of metals” (Smith, 2009). As an example, the compost
generated from green waste is unlikely to present a high concentration of heavy
metals; nonetheless, it is the concentration of the metals in the feedstock used for
composting what affects the metal availability, not the type of feedstock per se (Smith,
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2009). About the separation method of the organic waste it is important to say that
according to a study done by (Amlinger, Gotz, Dreher, Geszti, & Weissteiner, 2003) the
metal content of source-separated waste was reduced by a factor of 2-10 if it is
compared with the mechanically separated material; in this order of ideas, the pre-
processing strategies are very important and effective in removing contaminants such
as heavy metals; other studies have shown that the soil is a relevant source of heavy
metals’ content on the compost (Fricke & Vogtmann , 1994) and that the garden waste
is one of the most important sources of heavy metals in compost because of its
potential contamination by atmospheric deposition (Hoffmann, Christiansen , &
Petersen , 1991); additionally, the Zn and the Pb are the elements that are present in
the largest amounts in composts made through source-separation, mechanical-
separation and from green waste composts (Zennaro, Cristofori , Formigoni , Frignani ,
& Pavoni , 2005).

According to the heavy metals characteristics, the lead is the most strongly bound
element while de nickel is the weakest, the zinc, the copper and the cadmium have
intermediate strength in the bounds. Consequently, the composting processes might
decrease the availability of metals in amended soil, if it is compared with other
stabilization methods of the organic waste. As it was said before, one of the ways of
reducing the amount of heavy metals in compost is the source-separation so a policy
encouraging it will be very effective; besides, some limits on the content of heavy
metals should be established to protect the soil and the environment from potential
impacts caused by heavy metals accumulation (Smith, 2009). It should be noted that
each heavy metal will affect differently the environment and the plants; this effects
will be specifically described as follows:

* Zinc (Zn): It is not only the most abundant element in municipal solid waste
compost and amended soil but also it is the one of the main concerns since its
concentration will impact directly the soil microbial activity. In general, zinc
will affect the soil fertility and the processes done by microorganisms (Smith,
2009), and is the element with higher potential to transfer to crop tissues
(deHaan, 1981), but even in this case, its phyto-toxicity is rarely reported (He,
Traina, & Logan, 1995). Globally, when municipal solid waste compost is
applied to the soil, the total zinc concentration increased if it is compared with
the concentration in the un-amended soil (Zhang, Heaney, Henriquez, Solberg, &
Bittner, 2006), despite this effect, there were no increments observed in the zinc
concentration when the compost was applied to acidic sandy soils or neutral
sandy loam (Sebastiao, Queda, & Campos, 2000). About its leachability there is
still controversy since some studies have found that only a minor fraction of
the zinc present in the compost was leachable (Hargreaves, Adl, & Warman,
2008) and some others reported a downward movement of the element when
the compost was applied (Zhang, Heaney, Henriquez, Solberg, & Bittner, 20006).
Moreover, zinc has a high affinity for sorption on the surfaces of Fe and Mn
oxides, especially when the pH of the soil augments (Zheljazkov & Warman,
2004a). It is important to know that as the size of the Zn particle decrease as
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well as the content of organic matter, the more resistant forms will increase,
thus, “the stabilisation of raw organic matter during composting transformed Zn
from ex- changeable to more stable organic forms” (Smith, 2009).

* Lead (Pb): When the municipal solid waste compost was applied to the soil, the
total soil lead concentration increased (Sebastiao, Queda, & Campos, 2000)but
only a small fraction of the lead seems to be leachable (Tisdell & Breslin, 1995)
(Hargreaves, Adl, & Warman, 2008). The lead is the most limiting element for
the usage of mechanical separation of municipal solid waste to produce the
compost, although the amount of lead contained in compost produced with this
method do not exceed the limit value for this element (Smith, 2009).

* Boron (B): The boron present in municipal solid waste compost is highly
extractable through water and KCl (He, Traina, & Logan, 1995). As it has a high
mobility it might produce phytotoxicity if high amounts of compost are applied
to the soils (Hargreaves, Adl, & Warman, 2008); however, it might also be
helpful for the plants if the crops have any kind of boron deficiency (He, Traina,
& Logan, 1995).

* (Copper (Cu): It has been found that the copper has the potential ability to move
down in the soil profile (Zhang, Heaney, Henriquez, Solberg, & Bittner, 2006).
With respect to its concentration, some studies concluded that the extractable
copper concentrations in the soil increase when the soil is amended with
municipal solid waste compost (Hargreaves, Adl, & Warman, 2008),
nevertheless, some other authors have found that if the compost is applied in
low quantities, the concentration of Cu will not change significantly (Giusquiani
, Businelli , & Marucchini , 1988). Moreover, only a small percentage of the
copper available in the amended soil is leachable (Tisdell & Breslin, 1995)
which is a great advantage, since it prevents the contamination of nearby water
bodies. In addition to this, the bacteria of the soil showed an extreme
sensitivity to copper therefore it is suggested to take it as the most
environmentally relevant element found in the organic wastes (Keeling &
Cater, 1988).

A critical factor that has a lot of influence on the plant uptake elements such as Zn, Ni
and Cd is the soil pH. Generally, the when the pH value increases, the metal
extractability and uptake of the plant decrease, moreover, the application of compost
to the soil tends to increase the pH (reducing crop uptake) (Smith, 2009). Referring to
the mobility of the elements previously mentioned and some others, according to a
study done by (He, Traina, & Logan, 1995) the Ni and the B are highly soluble in water,
which shows potential mobility; however, the concentration of Ni, Pb. Cr and Cd did
not reach toxic levels for the plant. Moreover, most of the crops that are harvested
each year do not present any risk of having toxic levels of heavy metals due to
accumulation; although it should be considered that there are some plants that are
metal accumulators and might accumulate certain amounts of heavy metals that
exceed the toxicity limits (Hargreaves, Adl, & Warman, 2008). During the composting
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process, the water-soluble fractions of Cu, Cd, Pb and Zn decreased and stabilized, just
after the thermophilic stage of the process; before this stage, the pH of compost was
acid and this induced higher available Pb and Zn concentrations, since these
components have higher water-extractable concentrations with low pH (Leita &
Nobili, 1991).

Usually, even metals are present in compost in relatively resistant forms its structure
and bonds are not to strong thus they are not as stable as the residual pool of metals
of geological origin present in not amended soils; because of this, the extractable
fractions of metals in a soil with compost is greater than the ones in a soil that has not
been amended. As it was previously mentioned, the metal concentration on the
municipal solid waste compost have a great influence on the metal extractability in
soil, consequently, this concentration affect the availability of metals in amended soils
(Baldwin & Shelton, 1999). Then, if the application rate of compost is high, it is
expected that the preference for metal adsorption decrease and in a soil with
increasing pH it is probable that the extractable metal concentration increase. In spite
of this fact, the extractability of heavy metals does not change significantly with the
pH, even if a big quantity of compost is applied to the soil (Smith, 2009).

However, with the addition of organic matter, such as compost, to the soil, the
extractable concentration of heavy metals could increase if it is compared with a soil
that is not mended with compost but with mineral fertilizers (Smith, 2009); in general,
there is not proof that the availability of metals increased with time due to the process
of mineralization of applied organic matter in compost-amended soil (Smith, 2009);
moreover, even if some elements as Zn and Cu are strongly associated with the
organic fractions of the compost “there is no evidence from long-term field studies that
the bioavailability of heavy metals in compost-amended soil increases with organic
matter decomposition” (Smith, 2009). Additionally, according to a study done by (Pérez-
de-Mora , Burgos, Madejon, Cabrera, Jaeckel , & Schloter , 2006) the elevated metal
concentrations on a compost applied to the soil can produce a selective pressure on
the microbiological community and augment the amount of microorganisms that are
metal-tolerant or resistant strains (Smith, 2009).

As it was previously mentioned, when the concentration of heavy metals of the soil
increases and there are changes in the distribution of metals, due to the application of
municipal solid waste compost, there are effects on the long-term as the increment of
the concentration of heavy metals in the tissues of the plants which are growing in the
amended soil (Wei & Liu, 2005); this concentration will depend not only on the
amount of metals on the soil but also on its physic and chemical properties as the pH
value, on the strength of binding of the element in the soil and on the capacity of the
plant to regulate the uptake of the element. Moreover, the pH, for instance, has a very
important impact on the crop uptake of metals, in fact “the pH value of soil can be more
important in controlling phytoavailability than the heavy metal concentration in
compost” (Lutz, 1981). Each kind of soil has a different affinity for metal sorption; for
example, some soils can be more or less responsive to the effects of pH on the metal
availability to plants (Baldwin & Shelton, 1999) while the effects of other parameters
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might change as well. Moreover, according to (Crecchio, Curci, Mininni, Ricciuti, &
Ruggiero, 2001) the effect of the heavy metals on the enzymatic activities on the plant
is conditioned to the time of application, the concentration of heavy metals and the
soil characteristics (Hargreaves, Adl, & Warman, 2008).

As the capacity of mobility of heavy metals might change not only due to physical and
chemical properties of the compost but also on the total amount of metal content and
the affinity of formation of some chemical compounds. In a study done by (Grimes,
Taylor, & Cooper, 1999) it as found that the heavy metals present in compost produced
from source-separated waste or garden waste was not easy to remove, and only using
strong extraction methods, such as nitric acid, could be removed. Besides, it is
important to take into account that the compost generated from wood, straw and
vegetables wastes have a high sorption affinity of heavy metals, which will affect the
leachability (Song & Greenway, 2004); in many cases, an important fraction the heavy
metals contained in the compost are organically bound, this leads to think that the
chemical properties might be more important on the potential bioavailability of heavy
metals than the total content of heavy metals (Smith, 2009).

Other factor of the soil that is affected by the application of compost is the electrical
conductivity and salt effects; usually the excess of salts in soils and Na (sodium) affect
the plants in a negative way since it can produce damages on the soil structure. Some
composts studied in the United States proved that the electrical conductivity of those
was much higher that the electrical conductivity that was measured in agricultural
soils, due to this it is possible that the seed germination is affected or inhibited (He,
Traina, & Logan, 1995). In this order of ideas, the application of municipal solid waste
compost to the soil increases its electrical conductivity and if this raise is very high,
the growth of the plant can be inhibited (Harrison, 2007).

The application of compost might also cause a decrease on the retention of
Phosphorous of the soil; this is due to the competition between the phosphates and
the organic matter for sites on metallic oxides (Hargreaves, Adl, & Warman, 2008).
Furthermore, the phosphorous leaching is very relevant for environmentalists since it
might generate algal and rooted aquatic plant growth which accelerate the
eutrophication process of fresh waters (Sharpley, Chapra, Wedepohl, Sims, Daniel, &
Reddy, 1994).

Referring to the persistent organic pollutants, which are highly chlorinated and very
persistent compounds (Muir & Howard, 2006), there are not a lot of studies that have
demonstrated the presence of these compounds in the municipal solid waste compost
(Logan, Henry, Schnoor, Overcash, & McAvoy , 1999); however, in those studies that
have proved the presence of PCB (polychlorinated biphenyls) in compost, it was
shown that its concentration was higher when the raw material of the compost was
mixed solid waste than when the raw material of the compost was source-separated
(Hargreaves, Adl, & Warman, 2008). Furthermore, the gaseous emissions from the
compost generate environmental risks such as possible fires if the process is not well
aerated, damages to vegetation and atmospheric pollution (Domingo & Nadal, 2009).
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The plants can be also contaminated by organic compounds contained in the compost,
these might be transmitted to the plant in two ways, the first one are the routes
through the roots and then to the tissues; the second route refers to the
contamination through the air and into the leaves while some compounds are
vaporized (Déportes, Benoit-Guyod, & Zmirou, 1995).

When the compost is not completely mature and it is applied to the plants, it might be
toxic (Morel, Colin, Germon, Godin, & Juste, 1985) since the degradation of wastes
continues in the soil and phenols, ammonia, acetic, propionic, isobutyric and butyric
acids are generated in the decomposition process, all of these compounds could be
toxic for the plant according to their concentrations (Garcia, Hernandez, & Costa,
1990). Moreover, the presence of immature compost in the soil would increase the
temperature, which would generate a competition for available nitrogen between the
plants and the microorganisms, the soil oxygen will decrease creating unfavourable
conditions for the plant growth. Additionally, the bioavailability of heavy metals
depends on the degree of maturity and stability of the compost because the humic
component is able of binding them (Déportes, Benoit-Guyod, & Zmirou, 1995).

The composting process might produce leachate, with high concentration of BOD and
phenols; this is why the leachates should be collected and re-circulated into the
compost pile, or otherwise water bodies might be contaminated by its discharge.
Besides, the re-circulation has the advantage of enhance the decomposition process
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). Furthermore, the solubility of metals and
the metal availability tends to decrease with time of composting process and
maturation (Eneji, Honna, Yamamoto, Masuda, Endo, & Irshad, 2003) this is why the
leaching potential of heavy metals of stable compost is very low (Tisdell & Breslin,
1995); nickel is a soluble element and can move easily (Rudd, 1987). According to some
experiments done by (Liu, Ma, Li, & Zheng, 2007) “organic matter decomposition and
declining pH value were primarily responsible for the transformation of metals between
different pools during composting of sewage sludge. Thus, Pb, Zn and Cd moved from the
residual to other extractable forms”.

Consequently, the heavy metals and excess of nutrients which can move through the soil
profile and contaminate the ground water or other water bodies is an important aspect
to be considered (Hargreaves, Adl, & Warman, 2008), nevertheless, regarding the
possible dilution on the environment, “the concentration of metals encountered in
leachates does not suggest a significant risk of contamination of the environment or of
drinking water Only Pb is suggested to have an impact on invertebrate fauna in the soil
through which the food chain of wild life may be contaminated” (Déportes, Benoit-
Guyod, & Zmirou, 1995); in general, due not only to the high dilution of pollutants
through the water, air and soil but also to the discontinuous exposure of the
population, the risk of using municipal solid waste compost is not very high and tends
to be more an occupational risk (Déportes, Benoit-Guyod, & Zmirou, 1995).
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Composting cases

Cases of composting in developing countries

Composting processes are not very known but its application is starting to grow since
many countries and entities are realizing how beneficial it can be, not only as a
treatment of solid waste but also as a opportunity to improve the quality of the soils
through its application. The prospect for developing countries in this area is very
motivating since in low and middle-income countries, often more than the 50% of the
total waste is organic and biodegradable waste, as can be seen in Figure 21 (Zurbriigg
C. , Drescher, Rytz, Magsood Sinha, & Enayetullah , 2005). Moreover, the composting
method is relatively simple and not as expensive as other solid waste treatments
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000).
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Metal Metal
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Figure 21: Type of waste composition by income level Source: (Hoornweg & Bhada-Tata, What a waste : a
global review of solid waste management, 2012)

From previous experiences, it can be known that sometimes the transfer of technology
from industrialized countries to countries in way of development is not very effective,
the local factors might not be adequate for its implementation; in this case, for a
transfer of solid waste management technology, some conditions as the climate, the
lack of technical training, the cultural attitudes, the institutions and organizations and
the waste characteristics should be taken into account (Hoornweg, Thomas, & Otten,
Urban Waste Management: Composting and Its Applicability in Developing Countries,
2000). In this order of ideas, composting becomes an excellent alternative for the low
and middle-income countries due to its specific characteristics, some examples are
explained in Table 12, with the advantages and disadvantages of each one of the cases.

The growth of population and the horizontal expansion of the cities in developing
countries generate a challenge for environmental authorities to handle in a proper
way the municipal solid waste; specifically, the collection and transportation of solid
waste becomes more expensive, besides with the urbanization it is difficult to find an
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adequate place for the disposal of the wastes and the amount of wastes to be disposed
is increasing along time, not only due to the population growth but also to the increase
of the income.

Dhaka, Bangladesh, is one of the many examples of developing countries applying
composting processes to manage its solid waste. In this case, they started a project of
decentralized composting which have been successful. The project was developed
with the help of “Waste Concern” a non-governmental organization present in the
country. In the business approach, the community was seen as a client who paid for
the service of waste disposal and collection. (Zurbriigg C. , Drescher, Sinha, &
Enayetullah, 2002).

One of the main reasons of success of the project was that there was a focus on the
marketing, the mature compost was packed in bags of 50 kg and the quality compost
was adjusted in order to meet the requirements of a fertilizer trading company, which
was their main client. Specifically, the compost was enriched with other nutrients by
the fertilizer trading company and it was sold as an organic fertilizer to the farmers
(Zurbriigg C. , Drescher, Sinha, & Enayetullah, 2002). Is this an example of how the
market radius for compost can be larger than 25 km, which was a conclusion of the
studies done by (Lardinois & van de Klundert , 1993) using other examples. In this case,
one of the main reasons for acceptance of the consumers was that the composting
scheme got formal approval from the Bangladesh Agriculture Research Council on the
use of compost for agricultural purposes, besides, there was a policy support by the
Ministry of Agriculture (Zurbriigg C. , Drescher, Rytz, Magsood Sinha, & Enayetullah ,
2005).

With respect to the costs, it was concluded that the plant was not efficient or viable
when it was operating at 1.7 tons/day; in general, the revenues from the sale are
enough to cover almost 76% of the total annual costs; in this case, the revenues came
from three different sources which are: The income from collection fees, the revenues
from the sales of the compost and the revenues from selling recyclable material such
as plastics, cardboard, glass, among others (Zurbriigg C. , Drescher, Rytz, Maqsood
Sinha, & Enayetullah , 2005). The cost of the land is a major problem in this kind of
project, in this case, specifically, it was provided by the local authorities but still, it is
important to notice that it might vary from city to city and from place to place,
suggesting that this kind of project could be financially viable (without government
support) in smaller cities where the cost of the land is not as high as in the main cities
(Sinha & Enayetullah , 1999). In this case, composting resulted to be a satisfactory
alternative because it reduced the amount of waste to be disposed and produced a
fertilizer material from it (Zurbriigg C. , Drescher, Rytz, Maqgsood Sinha, & Enayetullah ,
2005).

In India there are also problems of low collection coverage, mainly in marginal areas
where the disposal is done in an uncontrolled manner and, in many other cases, the
municipal solid waste that is collected is placed in an open dump, generating risks not
only for the people of the surroundings but also to the environment (Zurbriigg C. ,
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Drescher, Patel , & Sharatchandra , 2004). As the government is aware of this problem,
the rules are starting to change searching a better way to dispose the solid waste;
nowadays the legislation recommend the principle of “Recycle before disposal” and
specifies the composting process as an adequate procedure to handle the organic
waste, indicating that the separation is an important prerequisite to accomplish the
objective in the best possible way.

It is important to take into account, that India has a long tradition in composting and it
is practiced mainly in the rural areas. There have been some efforts in centralized
composting but they have not been successful mainly due to economic problems
generated by the high cost of the transportation, the poorly developed market and the
poor quality of the compost for the mixture of wastes that is used in the process
(Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004). There have been also initiatives
of citizens to promote composting, especially in middle and high-income
neighbourhoods, produced by an awareness of the environment and the economic
capability; in these cases, the compost is sold as an organic fertiliser for gardens and
parks and it is bought by the neighbours or the same residents.

One of the main issues in this kind of initiatives in India is to find an adequate place;
besides, it is almost mandatory to have personal relations with people from the local
government if the aim is to have authorizations and to have available an acceptable
place to do it. Moreover, as NIMBY (not-in-my-back-yard) syndrome is very common
in the country, this syndrome refers about the complaints from the residents living
close to the composting (or any kind of waste disposal process) site. As an example of
how to solve these problems, in Mumbai there was a support by the municipality with
the program “Advanced Locality Management” which brought consulting experts on
composting to interested citizens (Zurbriigg C. , Drescher, Patel , & Sharatchandra ,
2004), in this scenario, the problems are discussed and the potential solutions are
suggested.

In spite of the problems some initiatives have been successful projects in the country,
as apartment composting developed by apartment’s residents who were disposed to
use their balconies as window sills; the excess water was drained and retained in pots
and the organic waste was mixed with dust and dried muss, in this case, due to the
condition of the system, the compost was mature in 3 or 4 months and was used for
planting and ornamental plants (Mazumdar, 1992). Other example, even if it is not
completely successful, are the 11 plants of mechanical composting installed in the
country, each one with a capacity from 150 to 300 tons per day and established in
cities like Bombay, Bangalore, Jaipur, Calcutta, Kanpur and Delhi; some of the plants
were closed after a while due to problems related with the quality of the solid waste,
poor maintenance, poor marketing approach and inefficient management of the
resources (Selvam, 1996).

Some private companies in India are also using compost as one of the strategies to
diminish their environmental impact and to manage in an adequate way the solid
waste generated. For instance, the Indian Aluminium Co. Ltd. (Indal) uses
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vermicomposting to treat the organic solid waste of 500 homes and Excel Industries
Ltd., an agrochemical manufacturing industry from Bombay, implemented a semi-
mechanical solid waste composting plant in different cities around the country such
as: Bhopal, Ahmdabad, among others; in this case the compost is used in farming and
agriculture (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). There are some important aspects to
rescue from the Indian case where some projects have been successful in integrating
the social interest with the private initiatives, enhancing the efficiency not only of the
project but also of the whole municipal solid waste management, which is an indirect
beneficiary. The importance of the support of municipal authorities should be
mentioned as well, specifically with permissions and land provision (Zurbriigg C. ,
Drescher, Patel , & Sharatchandra , 2004).

In Tanzania, the most relevant policies to improve the solid waste management are
the minimization of the solid waste generated and the recycling and resource
recovery (Chaggu, Kaseva, Kassenga, & Mbulingwe, 1998). Population there, as in most
of developing countries is growing and there is not adequate infrastructure to handle
the waste in a satisfactory manner (Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002).
Keeping this in mind, a composting project was developed in Dar es Salaam City,
mainly in the middle-income areas where there are poor roads, reduced drainage and
a significant ground water resource.

For this project there was a first stage where field surveys and investigation was done,
this data had the existing environmental circumstances, the state of the roads and the
existing practices on solid waste management. After this part and using the collected
data the design was made, it included the sizes of chambers for composting, the tools
and materials needed, the pre-composting operations and processes needed, among
others. When the project started, the process was monitored based on the C/N ratio,
the temperature, the pH, the moisture content, the organisms implied in the process
and other conditions which were more qualitative than quantitative (Mbuligwe,
Kassenga, Chaggu, & Kaseva, 2002).

Some of the problems faced by the project were the negative attitude of some
neighbours related with the separation of wastes, the lack of sensitisation of needs
and benefits of a clean solid waste management and the absence of environmental
education. In addition to this, at the beginning of the project there were some
difficulties with the scavenging done by animals, but it did not last long with the
introduction of some special measures. The poor road conditions generated
difficulties as well, increasing the cost significantly (Mbuligwe, Kassenga, Chaggu, &
Kaseva, 2002).

Even if at the beginning of the project there were some problems related to the
odours, by the end of the 15t day they were not noticeable. According to the results
provided by the indicators, the project was successful since the bacteriological tests
showed negative results, the environmental sanity of the area was improved, the
amount of waste to be disposed was reduced significantly (since around 78% of the
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waste is organic, the overall total household solid waste was reduced between 38%
and 55%) (Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002). The compost was applied in
urban agriculture and the vegetables, in which the compost was applied, presented a
yield increase of more than 35% compared with the control plants, furthermore, the
production season was expanded. The risks about contamination by pathogens was
reduced since in Tanzania the household solid waste usually does not contain
considerable concentration of heavy metals because of the kind of food that is
consumed.

Cuba started also a project on composting of municipal solid waste in a decentralised
approach; this kind of system was preferred since transportation is very difficult in
the island because of the limited fuel supply and on the deterioration of the vehicles
used for collection, and so centralised waste treatments are not viable options. In
general, composting has the advantage that it does not require high technology or
budget so it is easy to implement even in countries like Cuba, with significant
economic problems. The locations chose were urban agricultural farms that are
around all over the country (K&rner, Saborit-Sanchez , & Aguilera-Corrales, 2008).

Some of the main difficulties in the implementation of this project ware the lack of
data, the poor information publicly available, poor infrastructure and transport
service, deficient power supply and low technical standards of Internet service,
limitations on space for waste management. Non the less, based on the research done,
it was observed that composting process was already used in managing agricultural
residues, and the resulted material was being applied in rural agriculture (Koérner,
Saborit-Sanchez , & Aguilera-Corrales, 2008). Still, there is not general and established
criterion in the country for making decisions about solid waste management; the
resolutions are mainly taken at local level (Goicochea Cardoso , Fabregat , & Garcia
Suarez , 2006). Furthermore, as (Korner, Saborit-Sénchez , & Aguilera-Corrales, 2008)
explains “there is no general strategy for the introduction of composting into the Cuban
waste management system yet exists”

In Cuba most of the residues are generated by households or institutions (schools,
hotels, offices, among others) (OPS, 1997) and due to the political and economical
situation of the island, the decrease on the living standards and the stagnation of the
growth rate, the daily waste production rate is about 0.2 kg/hab/day; as in most of
developing countries, the organic fraction is higher than other type of wastes (around
40% of the MSW). Specifically, the organic fraction is dominated by food waste with
low content of wood waste (Korner, Saborit-Sanchez , & Aguilera-Corrales, 2008).

The economic blockade by the United States to the Island and the breakdown of
socialist systems in Eastern Europe generated a crisis in the agriculture and
consequently the farms only used organic methods in food production, without using
chemical products during the whole process (Korner, Saborit-Sanchez , & Aguilera-
Corrales, 2008). In this order of ideas, in this project the compost was used as soil
fertiliser in agriculture, particularly for banana, tobacco and potatoes (Berc, Muniz, &
Calero, 2004). However, to produce good quality compost it was vital to do a source
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separation, trying to avoid the presence of heavy metals in the organic matter; with
this concept in mind, two options were proposed: to separate the waste at the
decentralised composting facility or to separate it in the households, the first option
was not recommended since the agricultural products would be in a close contact
with the waste and it would be impractical for farmers to deal with big amounts of
non-organic wastes, the second option, which is very used in developed countries, is
favourable for the process logistically and hygienically although it is not so easy since
it requires to educate the population (Korner, Saborit-Sanchez , & Aguilera-Corrales,
2008).

Composting was a suitable solution in this situation since it needs simple systems and
is a practical solution, technical requirements are easy to accomplish and quality
compost can be produced. The final product can provide the nutrients and organic
matter to the plant and stimulate the water retention of the soil. Besides, it improves
the environmental quality of the soils and reduces the amount of wastes to be
disposed in the landfills (Korner, Saborit-Sanchez , & Aguilera-Corrales, 2008).

China is another case of developing country that is using composting as one of the
processes to manage municipal solid waste, for thousands of years China has used
composting and compost application as fertilizer in agriculture. Excluding Hong Kong,
the organic fraction of the municipal solid waste is higher than the inorganic one;
consequently, municipal solid waste is mainly treated by landfilling and composting
and a smaller portion is treated by incineration. Specifically, around 20% of the
municipal solid waste in the country is treated with composting and around 70% is
treated by landfilling (Nie & Dong, 1998).

The low percentage of waste processed with composting is due to some specific
characteristics of the country and its municipal solid wastes such as: the generation of
solid wastes is very large and tends to grow in time, the composition of the solid
wastes is very complicated and changes fast according to different conditions (cities,
seasons, among others), most of the solid wastes are produced in the cities, there are
problems of air quality all around the country and there is not a culture on separation
on the source, all the wastes are collected together thus the most suitable solution is
landfilling (Feng, 1999).

To arrive to the current state of composting in China some stages have been made in
the past; between 1950 and the end of 1960’s composting was just seen as a
traditional and simple technology mainly used on rural areas, then between 1970’s
and 1980’s the government realised that the municipal solid waste was becoming a
major problem in most of the cities and from 1990s to the present different programs
have been developed trying to spread the application of compost through the study
and research of composting technology (Chen, 1994). About compost technology, it is
important to notice that in China composting is classified as one-step fermentation
and two-step fermentation or static and dynamic composting instead of using the
traditional classification (Chen, 1994).
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Concerning the urban composting, in Beijing there is a centralized composting plant,
which started treating 100 tones of solid waste daily in 1994 and was enlarged to
treat around 300 tones per day. This plant sells the compost as a fertilizer and has
been successful in the marketing perhaps because it is mixed with inorganic
compounds to maximize the potential (Shi, 1998). The compost is mainly used for
agricultural application, promoting the growth of the plants, increasing the organic
matter of the soil and improving some of the physical properties of the soil (Zhang,
Guo, Fang, & Fang, 1990), however, the compost that does not meet the environmental
standards for food crop, determined by the China national hygienic standards for food,
is used for forest seedlings, ornamental plants, sod, golf clubs, public gardens, among
others (Wei, Fan, Wang, & Wang, 2000).

In Indonesia one of the most known projects of composting is related to
vermicomposting, it has been successful mainly in high-density population areas and
low-income neighbourhoods. The pilot project started in Jakarta with about 60
families involved. The practice, in this case, is done using 30 litter tubs with 0,5
kilograms of worms, which help to compost the household’s organic wastes
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). Besides, there is a different project in
Cipinang, Besar, a neighbourhood in the East part of Jakarta, where a community-
composting program was developed. In this neighbourhood the wastes were being
dumped in the Cipinang River and the canal, which was favourable for the flooding
during the rainy seasons. The compost produced by this project was sold to a chain
which sold fertilizers to middle and high-income neighbourhoods and golf clubs, after
a while the project lost this distributor and the plant is running in half capacity
because they have some problems with the marketing of the final product (Perla,
1997).

In Latin America composting is not very developed, most of the wastes of the area are
disposed in landfills. Non-the less there have been some efforts to promote
composting. In Brazil, for example, a survey about municipal composting was done
and it was found that 57 municipalities had composting facilities but only 18 were
operating in an efficient way and 15 were under construction, leaving 24 plants out of
operation due to failures on finances or processes. (Hoornweg, Thomas, & Otten, Urban
Waste Management: Composting and Its Applicability in Developing Countries, 2000). On
the other hand, there was a community composting project, which was developed in
Olinda, the waste is dumped into a shallow and then separated, the organic portion
was composted and the recyclable materials were sold. Another example is Mexico,
where the composting projects have not been successful, showing that for it to be
prosperous it is needed political, social and administrative will (Hoornweg, Thomas, &
Otten, Urban Waste Management: Composting and Its Applicability in Developing
Countries, 2000).

Egypt is now starting to realize that composting might be a suitable solution for an

integrated waste management process. It has not been easy to convince population to
separate their wastes into organic and non-organic fractions, in this order of ideas, an
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experimental project was designed, 600 families from Cairo were included and the
results about efficiency and quality of the compost are still being monitored
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). In addition to this, settlements of landless
people, known as Zabbaleen, work on the collection and sorting of solid waste, the
biggest population is called Maqattam and has includes around 17000 people; this
group started composting operations in the early 1980’s, using the left waste after
they have removed the materials which could be recycled, but even if the final product
was a overall good quality compost, some pieces of glass and plastics were found at
the compost, still it was used by farmers to improve the quality of agricultural soil
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000).

Table 12: Summary of composting project cases in developing countries

Country's

Positive aspects Negative Aspects
Case p 8 P
ONG involved: "Waste Concern” Cost of the land?
Compost was enriched and trade with Minimum quantity of wastes to be
Bangladesh? fertilizer company efficient
Use of compost for agricultural purposes
was approved by the Government3
Problems with centralized composting
"Recycle before disposal” policy due to high cost of transportation, poorly
encouraged by the government developed market and poor quality of the
compost>
Long tradition in composting in rural Difficult to find places for composting
areas projects®
Successful projects in urban and Not-In-My-Back-Yard syndrome is ver
Indiat decentralized composting generated by y y y

common

environmental awareness

Municipalities give support to community
projects

Successful projects of apartment
composting?

Composting processes performed by
private companies®

L (Zurbriigg C., Drescher, Sinha, & Enayetullah, 2002)

2 (Sinha & Enayetullah, 1999)

3 (Zurbriigg C., Drescher, Rytz, Maqsood Sinha, & Enayetullah, 2005)

4 (Zurbriigg C., Drescher, Patel, & Sharatchandra , 2004)

5 (Selvam, 1996)

6 (Mazumdar, 1992)

7 (Mazumdar, 1992)

8 (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000)
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Effort to integrate social interest with
private initiatives?®

Field data acquisition and surveys

Not adequate infrastructure to handle
solid waste

Compost with high quality in terms of
bacteriological results

Negative attitude of some neighbors

Improvement of the environmental

Absence of environmental awareness and

Tanzanial® . .
condition? education
Higher yield due to the application of . .
ghery PP Scavenging done by animals
compost
Low content of heavy metals due to the s
. Poor road conditions
raw materials
Availability of urban agricultural farms . .
y & Lack of data which affected the design
for the project
Composting process already used for , .
p &P eacy Poor infrastructure and transport service
agricultural residues
Cubat? Organic fraction of solid wastes o
. . Limitations on space for waste
dominated by food waste with low manasement
content of wood waste J
Due to political reasons, usage of organic
methods for food production?3
Tradition of composting for thousands of Composition of solid waste is very
yearsl4 variablel5
Centralized and decentralized .
China composting projectsié No culture of separation of wastes!?
In centralized plants, compost is enriched
to maximize potential as a fertilizer!8
Successful vermicomposting projects in
Indonesial? high-density population areas and low- Problems with marketing

income neighborhoods

9 (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its

Applicability in Developing Countries, 2000)
10 (Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002).
11 (Chaggu, Kaseva, Kassenga, & Mbulingwe, 1998)

12 (Korner, Saborit-Sanchez, & Aguilera-Corrales, 2008)

13 (Berc, Muniz, & Calero, 2004).

14 (Nie & Dong, 1998)

15 (Wei, Fan, Wang, & Wang, 2000).
16 (Chen, 1994)

17 (Feng, 1999)

18 (Shi, 1998)

19 (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its

Applicability in Developing Countries, 2000)
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Compost is sold to middle and high-
income neighborhoods for gardens and
golf clubs?20

Some decentralized projects have been

Latin successful Composting is not very developed
America?1 — — - -
No political or administrative will
Composting projects ‘.N.lth low-income No culture of separation of wastes
Egypt22 communities
Compost had overall good quality
Economics

To determine the cost of a composting facility is not easy since it might depend on
several variables such as: cost of the land, operation, method of collection and
separation, capacity, among others; moreover, the regulations of each country might
generate significant differences in the cost of composting plants. Keeping this in mind,
some examples of costs of composting plants will be exposed.

Renkow & Rubin (1998) performed a study in the composting plants around the United
States which aimed to compare the costs and incomes of the plants, the differences
they found were mainly due to the cost of the land, they even did a comparison
between the costs of composting and the cost of alternative treatments such as
landfilling. In general they found that an average cost of composting is $50 usd per ton
and that the revenues from the sale of the final product are scarcest and do not
compensate the operating costs. It is important to take into account that the cost of
the land affects not only the cost of compost facility but also the landfilling disposal
cost.

In Table 13 it can be seen that in six of the nine facilities indicated, the costs range
from $43 to $54 usd per ton, the facilities with higher costs are geographically far and
handle small amount of wastes, these conditions might increase the cost of
composting. It is important to remark that there was no evidence of economic of scale
or a significant difference between the costs of windrow composting and in-vessel
composting.

20 (Perla, 1997)

21 (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000)

22 (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000)
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Table 13: Costs of selected MSW composting facilities (Renkow & Rubin, 1998)

Average Debt O&M
Type of \olume service costs Revenue Net cost
Location system® (tonday ') ($ton) ($ ton) ($ ton7) (S ton)
Sevier Co., TN
Reported -V 150 13 23 1 35
Unsubsidized” -V 150 26 23 1 48
Columbia Co., WI -V 74 14 29 none 43
Baltimore, MD -V 550 27 24 none 51
Martin/Fairbault Co., MN -V 100 28 51 none 79
Portage, WI AW 16 26 24 none 50
Wright Co., MN AW 175 28 23 none 51
Sumter Co., FL AW 53 22 52 20 54
Fillmore Co., MN W " 41 240 none 281
Lake of the Woods, MN W 15 176 1795 none 1971
Weighted average® 26 28 1 53

*I-V, in-vessel; AW, aerated windrow; W, windrow; O&M, operation and maintenance.

“Unsubsidized' estimate assumes an initial capital cost of $13 million (as opposed to the reported
value of $6:5 million).

“These are mean costs weighted by tons processed, excluding the Fillmore County and Lake of the
Woods facilities, and using the unsubsidized estimate for the Sevier County facility.

The comparison between the cost of landfilling and composting facilities are shown in
Table 14; the assumption to produce this table was that landfilling treated half of the
solid waste generated in the county and the other half was taken to a compost facility,
besides it was assumed that the fixed and variable costs of the composting plants are
equal ($27 usd per ton).

Table 14: Comparison of annual waste management with costs with and without municipal solid waste
(MSW) (Renkow & Rubin, 1998)

Landfill + MSW Composting

Landfill Landfill Compost Total
only cost cost cost
Fixed Cost" $1357213 $1141826 $1369771 $2 195 496
Variable Cost” $885 465 S$442 733 $1422733 $2023238
Total Cost $2242678 $1 584 558 S2792226 $4218733
Tons of garbage 105367 52 684 52 684 105 367
Fixed cost per ton $12-88 $21-67 $26-00 $23-84
Variable cost per ton $8:40 $8-40 $27-00 $17-70
Total cost per ton $21-28 $30-08 $53-00 S41-54

*Fixed cost for the landfill includes contribution to a reserve fund for environmental monitoring. Debt service costs
for the landfill are computed assuming a $3 millicn loan at 5% interest paid out over 7 years in the ‘landfill only'
scenario, and over 14 years in the ‘landfill + MSW composting’ scenario. Fixed costs for MSW composting are computed
by applying an assumed rate of $26 per ton (the average from our survey) to the amount of waste being composted.

“Variable costs for the landfill are assumed to be $8-40 per ton of waste handled. Variable costs for MSW composting
are computed by applying an assumed rate of $27 per ton (the average variable cost net of revenues from this survey)
to the amount of waste being composted.
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Analysis of the cases

According to the cases presented previously and the preceding experiences some
specific aspects were concluded:

About the community, the society and the legal framework:

For citizens and community it has been very difficult to find appropriate
composting locations (Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004).
For the municipal authorities, the waste collection should be the first step to
address and one of the most sensible one since it affect the people directly
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000).

Occupational problems of the composting workers and employees are very
important and should be taken into account. Moreover, the information about
occupational risks is limited (Domingo & Nadal, 2009).

Pragmatic limits on the content of heavy metals in compost should be set; this
will encourage the recycling of solid wastes, will support and the source-
separation approach and will protect the soil and the environment from
potential impacts caused by long-term accumulation (Smith, 2009).

About the economic feasibility:

The market analysis and the marketing strategy are very important if the idea
is to sell the final product (Zurbriigg C. , Drescher, Sinha, & Enayetullah, 2002).
Moreover, a financial plan searching economical sustainability should be made
before the plant set-up as well as the search of the distribution channels and
the marketing strategy (Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004).
In the accounting practices the externalities such as reduced soil erosion,
climate change, other disposal costs and water contamination should be
included (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting
and Its Applicability in Developing Countries, 2000)

The implementation of composting processes should be part of a complete
strategy of solid waste management; in some cases subsidies from the
government might be needed to sustain programs but on the other hand it will
avoid the costs of not well-managed solid wastes on the environment and on
the community (Hoornweg, Thomas, & Otten, Urban Waste Management:
Composting and Its Applicability in Developing Countries, 2000).

About technical aspects:

The improvement of the accessibility of collection vehicles is fundamental,
since many of the problems in low and middle-income countries in the solid
waste management start from collection. Independently from the kind of
vehicle, the vehicle should be able to reach all the sources of waste in an easy
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way (Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002).

In some cases, the emphasis is placed on the mechanized process over the
labour intensive operations. The decision of the technology used for the
process should depend on many factors such as the culture, the amount of solid
waste to be handled, the financial cost, among others (Hoornweg, Thomas, &
Otten, Urban Waste Management: Composting and Its Applicability in Developing
Countries, 2000).

To optimize the production of compost and increase its nutrient availability
some parameters such as the aeration, the composting method, the selection of
the feedstock and the maturity should be taken into account before the set-up
of the plant (Hargreaves, Adl, & Warman, 2008).

A good method to obtain high quality compost from municipal solid waste is
the early source-separation (Hargreaves, Adl, & Warman, 2008). In this aspect,
the cooperation of households is fundamental; the management of containers
should be appropriate in order to avoid the scavenging done by animals
(Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002).

According to the review, the heavy metals in municipal solid waste compost
present a minimal risk for the human health, the environment, the quality of
the crops and the fertility of the soil. Further, there is little evidence of the
phytotoxic effects of heavy metals in the crop tissues, that may pose a risk to
human health (Smith, 2009).

About the final use of the compost:

There is the possibility of fractioning the final compost, mixing different types
of compost and different qualities in order to produce a new spectrum of
products for different uses and with different characteristics (Sebe & Ferrini ,
2006).

An appropriate municipal solid waste management policy will prevent to use
the compost in excessive quantities, which might control the salt levels into the
soil as well as the presence of other compounds that might be hazardous
(Déportes, Benoit-Guyod, & Zmirou, 1995).

The safe use of compost in agriculture will depend on both the degree of
maturity of the compost and the quantity of heavy metals and salt contained on
it (Hargreaves, Adl, & Warman, 2008). Furthermore, people are willing to try out
compost if it is assured that it is safe in terms of pathogens, in some cases,
there is even a will to pay for the compost if it was properly packaged and
proved to be of good fertility value (Mbuligwe, Kassenga, Chaggu, & Kaseva,
2002).

If the compost is produced in an adequate way, diminishing as much as
possible the risks for the environment and the human health, the opposition to
its use could be reduced and it might encourage landscapers, municipalities,
farmers and gardeners to use the final product (Hargreaves, Adl, & Warman,
2008).

The application of compost is a key factor, which will affect the development of
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composting projects. Nowadays, most of the compost is applied to agricultural
soils, but there is still a negative predisposition of the people to use it since it is
not well accepted as a fertilizer. The education might encourage the use of
compost in agriculture and other alternative uses can be tested (Wei, Fan,

Wang, & Wang, 2000).
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Operational guideline

Introduction

After the literature review and the study of the cases, one important inference was
made: There are no specific guidelines to conduct a complete composting project
specifically for developing countries and which include all the aspects that are
addressed in a composting project.

Moreover, there are no specific evaluation systems to measure the performance of a
composting facility (for solid waste) and to compare between two different
composting projects. It should be taken into account that there are some performance
evaluation systems but for general solid waste management systems and not
specifically for a solid waste compost facility, moreover, there are performance
evaluation systems of composting facility but specifically for sludge as raw material.

Considering this, planning system and evaluation system were identified as main
cores when designing an operational guideline which tries to guarantee the
achievement of the main objectives in a composting process.

Specifically, the evaluation system will be explicitly based in the sustainable
development concept, which has many definitions; one of them was given in 1987 by
the World Commission on Environment and Development’s (the Brundtland

Commission) report Our Common Future (Oxford: Oxford University Press, 1987):

"Development that meets the needs of the present without compromising the ability of
future generations to meet their own needs.”

Social sustainability

Economic Environmental
sustainability sustainability

Figure 22: Sustainability
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Figure 23: Scheme of the operational guideline framework

In Figure 23 can be seen the proposed operational guideline, including the planning
and evaluation system.

Planning system

Planning is fundamental to achieve a good performance of a solid waste management
system, generally if the projects are well planned and take into account all the
variables that might affect the project the tasks will perform in an adequate way.

Stakeholder analysis

The participation and cooperation from different stakeholders is essential for the
success of a composting project, globally, municipalities, waste generators,
communities, national and regional governments and the private sector should be
involved (Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000). Particularly, the support and cooperation
of the community and the households is very important since they are involved in the
waste separation and collection, and possible neighbours of the composting plant;
moreover, they could be willing to contribute financially and to accept both the
compost site near their homes and the usage of compost for gardens or agriculture
(Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004).

On the other hand, the municipal authorities might provide financial and immaterial
support, not only for public and centralized projects but also for community proposals
or private sector initiatives. The authorities should aim to integrate these kinds of
ideas with the municipal waste management strategy, they should provide adequate
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areas for decentralized composting as well. The local or regional governments might
take into account that early separation policies is part of their responsibilities, and
that composting projects could contribute with recycling and with the reduction of the
wastes to be disposed and transported (Zurbriigg C. , Drescher, Patel , & Sharatchandra,
2004).

Additionally, other kind of institutes or associations play a key role in composting
projects, for example non-governmental organisations could act as a mediator
between the government and the community or the informal sector and could try to
organize the community for composting initiatives. Moreover, it is important to take
into account that the commitment of the citizens will directly depend on the
responsibility assumed by the local government (Zurbriigg C. , Drescher, Patel , &
Sharatchandra , 2004).

According to Zurbriigg, Drescher, Patel , & Sharatchandra (2004) “Governments should
support and encourage community based, private sector, and municipal composting
initiatives by:

* Providing technical assistance on composting techniques

* Developing guidelines for the implementation of low-cost facilities

* Evaluating loans and other financial support

* Allocating land for compost facilities on a long-term lease basis

* Establishing and enforcing compost quality standards

* Regulating and monitoring the performance of compost operations

* Promoting the use of compost through public awareness campaigns

* Using compost in its own departments, such as public works and agriculture
* Reducing subsidies on chemical fertilizers”

In the involvement of the municipal authorities and community some other efforts
should be done if the objective is to increase the composting treatment in developing
countries, for example: integration of composting projects with agricultural and
horticultural activities, increased public education about source separation, good
handling and management on the process and usefulness of compost, proper and full
cost accounting, focus on implementation and operation procedures, improved
policies and capacity on technical and management approaches (Hoornweg, Thomas, &
Otten, Urban Waste Management: Composting and Its Applicability in Developing
Countries, 2000).

The analysis of the stakeholders can be made through their identification and the
usage of a stakeholder analysis matrix in the following way:

1.1dentification of the stakeholders:

-Neighbors
-Household families
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-Local government

-Employees/composting project personnel
-Waste management companies
-Special interest groups such as scavengers

-Farmers
-Municipality

-Fertilizer companies

-ONGs

2. With a stakeholder analysis matrix:

-Identify the characteristics of each stakeholder

-Identify interests and how are they affected by the project

-Capacity and motivations
-Possible actions to address stakeholder interest

Table 15: Stakeholder analysis matrix

MOTIVATIONS AND
STAKEHOLDER CHARACTERISTICS INTERESTS CAPACITY
They want the wastes
to be as far from them
People who live or ZZE,?[ Svsvl:rﬁ.tZTa}:/e
Neighbors work near the :
composting facility odors or potential
diseases coming from
the composting
facility
They want to keep
Families that away the solid wastes.
. . They can separate the
Households generate the solid They don’t want to organic wastes from the
. wastes that would have potential .
families . recyclable materials and
be used for the diseases due to other wastes
composting project =~ mismanagement of '
solid wastes.
rcri}tliez};r‘;\;afrzli Etfié{;ep the They can promote the use of
Government of the environmental or compost as fertlllzers .
. . through the implementation
Local city and country healthy risks, they on policies and laws that
Government where the projectis  want to guarantee the allow the use of compost for
going to be people their rights P
developed and they want to be crops and that supervise the
sure that the laws are quality of compost that
being respected would be applied
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People who will
work on the project

They do not want to
suffer from diseases

They are able to guarantee

including the coming from -
Employees/com g g1 that the composting process
. . managers, composting . . .
posting project . is being done in the best way
engineers, waste processes, they want . .
personnel . . . possible in terms of
pickers and a stable job which - .
efficiency and quality
personnel of meets the legal
transport requirements
They can provide the
information about the
generation and composition
Public or private They want to manage  of wastes, moreover, they
Waste companies thatare  the solid waste in the  can help motivating the
in charge of the most efficient way, community and the
management . . .
. solid waste trying to minimize the scavengers to do an
companies

management in the
city/town

cost and to improve
the services to the city

appropriate separation.
They want to improve their
services and (improving the
waste management
processes)

Special interest

People that works
picking up the
recyclable materials
from the wastes,

They want to obtain
as many recyclable
materials as possible

They can organize
themselves in order to do a
good separation of wastes,

roups: might be on the . . o
group & ' in order to sell them which will improve the
scavengers streets, on the final s . .
. and obtain high quality of the raw material
disposal place
i revenues for the compost
(landfill or open
dumping place)
. They want to have
People who work in ywant They can apply the compost
. good fertilizers to e .
agriculture and . as a fertilizer. They might
. apply to the soil,
might use the : also produce compost
Farmers which guarantees . :
compost as a safetv for their crops themselves with agricultural
fertilizer for the Y P wastes which might be
and as cheap as
land . generated.
possible
They want to provide
. . the people a good
Major of the city or beopleag They can promote the
sanitation program e s
town and the . . . compost utilization and
including the solid .
e employees, source separation of wastes,
Municipality Y . waste management, . o .
municipal council or . they might do activities with
o an efficient systems o
political . . the community in order to
A which mitigate the . .
organization . inform and motivate them
environmental
impacts
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They can be in charge of the
Companies in They want to provide  distribution of compost
charge of the a good quality since they already have the
Fertilizer production and fertilizer for their database of the farmers and
. distribution of companies, they want  users of fertilizing products.
companies o . ; :
fertilizer for to increase their They might also add some
agricultural portfolio and their components to the compost
purposes income to improve its effects on the
soil and on the crops.
Organizations They want to help the  They can help with the
interested on waste  community to organization of the
ONGs management or who improve their living community and with the
have worked with conditions and to involvement of the
the community in preserve the natural municipality and local
the past years environment government in the project.

In Table 15 the matrix of analysis of stakeholders for a composting project is defined
and completed, however in this case, the possible actions will depend specifically on
the local context and resources of the particular composting project, that it is why
they are not addressed or described here.

Environmental context analysis
1. Recirculation of leachates

Are the leachates generated in the composting process being recirculated? If they are
it is ok, if they are not the project is increasing the possibility of contamination of soil
or water-bodies.

2. Definition of the final quality of the compost

This will determine the applicability and if it actually beneficial for the soil. Usually, in
the use of compost and depending on the country, there are some standards that
should be meet in the quality of the compost for it to be used as soil amending product
or according to the final use, as an example in Table 16 the compost specifications
produced by EPA.
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Table 16: Compost specifications by EPA, Model Compost Specification for General Landscape Applications

Parameters'* Reported as General Range
(units of measure)
pH* pH units 50-85
Soluble Salt Concentration’ dS/m (mmhos/cm) Maximum 10
(electrical conductivity)
Moisture Content %, wet weight basis 30-60
Organic Matter Centent %, dry weight basis 30 -85

Particle Size

% passing a selected mesh size,
dry weight basis

989%: pass through 3/4" screen or smaller

Stability’
Carbon Dioxide

Evolution Rate mg CO,-C per g OM per day <8
Maturity’ (Bioassay)
Seed Emergence and %, relative to positive control Minimum 80%
Seedling Vigor %, relative to positive control Minimum 80%
Physical Contaminants (inerts) %, dry weight basis <1

Chemical Contaminants’ mgkg (ppm) Meet or exceed US EPA Class A standard,
40 CFR § 503.13, Tables 1 and 3 levels
Biolegical Contaminants®
Select Pathogens
Fecal Coliform Bacteria, or MPN per gram per dry weight Meet or exceed US EPA Class A
Salmonella MPN per 4 grams per dry weight standard, 40 CFR § 503.32(2) levels

3. Appropriate location

To preserve the environmental conditions, some recommendations should be taken
into account when designing a compost facility. In general, precautions to diminish the
effects on the environment and on the human health could be taken. (Bennett, Bloom,
Robinson, & Simpson, 1992) developed simple recommendations for the placement of
a compost plant and even if they were presented for Jakarta, Indonesia, they could be
applied in other developing countries. Some of the advices done to search an adequate
place for composting included the location of the facility far from wetlands or flood
plains and according to urban plans and zoning regulations, avoidance of densely
populated neighbourhoods and places near hospitals, religious facilities and schools; if
it is possible, the groundwater should be 1 or 1,5 meters at minimum below the
surface and the soil should not be impermeable or very permeable; designing a buffer
zone seemed to be important as well, if feasible, the facility should be separated from
the surroundings such as trees or hills and should be placed downwind of the
residential areas, to avoid odour complaints (Hoornweg, Thomas, & Otten, Urban Waste
Management: Composting and Its Applicability in Developing Countries, 2000).
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Effects on ground sGroundwater/clay layers/bedrock minimum 1 to
water 1,5 m below the compost facility

eThe site should have a buffer zone as hills, trees or
fences

*Should not be located in top of sites which have
wastes beneath them

*Avoid locations in densely populated
neighborhoods or near hospitals or schools

eAway from wetlands of flood plains
*Avoid impermeable or overly permeable soil

eDownwind form residential areas to avoid odors

Figure 24: Main features to consider for the location of a composting plant

Composting plant analysis

1. Technological analysis

Availability of data about waste generation and composition:

In order to do a complete and accurate plan of a solid waste management
system, records of generation and composition of wastes are needed as well as
a precise accounting of costs.

These factors could be a barrier in most of developing countries since the
records are not kept in a sufficient way. In India, for example, there is a scarcity
of documentation and data on mass flows, which leads to a difficult planning
program and to know the economical feasibility of any composting project.
Additionally, this data is important when there is a proposal or a negotiation
with the local government (Zurbriigg C. , Drescher, Patel , & Sharatchandra ,
2004).

Availability of resources:

All the resources that the project can count on should be taken into account.
E.g.: area available, economic investment capacity, personnel availability,
among others. Taking the resources into account and with the characteristics

96



of the composting system defined, the type of technology can be chosen, as it
seen in Figure 25.

§ Volume of organic & Centralized
)
5 wastes 2 Decentralized
O .
5‘:3 Area available %’ Mechanical
. = .
Economic = Not Mechanized
resources i
: O

ine

Figure 25: Diagram of technological analysis

Table 17: Characteristic of a centralized and decentralized composting plant

Characteristic Centralized Decentralized
Volume of organic High Low
wastes
Population density High Low
Area Medium High
Economic High Low
resources/investment

Usually, when it is decided to work a centralized composting project due to the
resources and characteristics, the mechanical process is better since the volume of
wastes to handle will be very high and also the requirements of area will be higher.

2. Economic analysis

The economical viability is one of the main issues of the small-scale plants, taking into
account that the direct revenues should cover all the costs. In this order of ideas, it is
important to take into account the long-term planning that should be accurate and
where all the operational costs must be covered by the incomes. (Zurbriigg C. ,
Drescher, Sinha, & Enayetullah, 2002). Therefore, the marketing strategies become
vital.

From the planning point of view, to design an efficient composting project it is
required to optimize different variables such as: land, labour, transportation, capital
costs, feedstock and markets (Hoornweg, Thomas, & Otten, Urban Waste Management:
Composting and Its Applicability in Developing Countries, 2000). As the cost of transport
and land are very high, the cost of the production processes and investment needed
might exceed the incomes. Concerning the financing it is known that banks consider
the composting projects as high risk clients, due to the few examples on long term
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success, this is why the collateral securities and interest are very high (Zurbriigg C. ,
Drescher, Patel , & Sharatchandra , 2004).

[t is important to take into account that “composting should be considered as part of an
integrated solid waste management strategy with appropriate processing technologies
selected based on market opportunities, economic feasibility, and social acceptance. Cost
effective and sustainable composting is possible within the context of an integrated solid
waste management strategy ” (Hoornweg, Thomas, & Otten, Urban Waste Management:
Composting and Its Applicability in Developing Countries, 2000). This can be explained
in terms of saving on other treatments and on compensating the transportation costs
with the incomes generated from the sales of the final product, especially in low and
middle-income countries where the proportion of organic waste is very significant.
Furthermore, it is important to take into account the environmental cost of other
treatments that are being avoided with the composting process of the organic
residues.

The economic analysis can be made based on the following systems:

¢ Financial flows/resource schedule

The financial flows refer to the movement of money in and out of the project in a
defined period of time. The resource schedule describes as well the movement of
money in and out but for all the defined periods of time. The costs of operation and
investment and the total expected incomes (total budget) should be as accurate as
possible.

e Costvs. Benefit analysis

In this estimation, the total economic incomes as outcomes of the project are taken
into account, moreover, the non-economic benefits and cost should be measured in
economic terms. The idea is to estimate the total equivalent money of the benefits and
costs in order to establish whether the project is worthwhile.

3. Strategic analysis

The strategic analysis is done in order to have a long-term plan. To perform itin a
complete way the following features should be considered:

¢ Planned capacity (in volume) in the future

This calculation should be made based on the growth of population, the growth of
generation of solid waste and if possible a tendency on the composition of the future
wastes. Commonly, when planning and determining the methods that will be used for
treating solid wastes in the future, the upcoming production, composition and
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collection become fundamental and should be taken into account (Slater &
Frederickson, 2001)

e Possibility of growth in terms of final usage and marketing of the compost

Good marketing programs and the adequate use of compost become the basis for a
successful community or urban compost project. The marketing strategy should
consider the local characteristics such as soil performance and conditions, social
customs, climate, agricultural practices, transportation cost, seasons, among others.

Moreover, the market should determine the size of the plant as well as the composting
technique and post processing since the quality and the price are fundamental for a
costumer, and it is important to take into account that these characteristics asked by
the costumer will depend on the application and use they are going to give to the
compost. According to this, (Zurbriigg C. , Drescher, Sinha, & Enayetullah, 2002)
concluded that:

“These factors can be assessed beforehand by a market study for compost:

* The current use of organic municipal waste (e.g. life stock farming or fertilizer)

* The customer segments (e.g. agriculture, horticulture, land reclamation, bulk
suppliers or public agencies)

* The type and place of application

* Perceptions versus compost and knowledge of its use

* The potential demand

* The required quality and state of maturity of compost and

* The availability of competitive products (e.g. cow and poultry manure, residues
from agro- industries, municipal waste or artificial fertilizers) “

In this order of ideas, for a successful project it is required a good evaluation on the
direct market or of the use of other available outlets, as contractors of agricultural
fertilizers. (Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004). On the other hand,
the policies and legislation about composting should be taken into account; in United
States, for example, from 50% to 70% of the municipal compost cannot be used in
agricultural soil due to the high concentration of heavy metals (Tyagi & Couillard,
1991). Consequently, promotion of composting and the use of compost would have to
be addressed to a different market such as gardens or nursery (Mbuligwe, Kassenga,
Chaggu, & Kaseva, 2002).

4. Organizational analysis
The organizational analysis refers mostly to the way and hierarchy in which personnel

will work on the composting project. The following features should be taken into
account
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e Number of employees/workers on the project and organization

All the people that will work in the project should be taken into account, from the
collection process up to the ones in charge of the sales and marketing. Besides, a
hierarchical structure of the personnel should be defined.

e Preparation or training of the personnel

Technical training or education of each one of the employees should be known and
evaluated. Furthermore, the according to their capacities their responsibilities should
be assigned. Usually, personnel should have training and education sessions to
prevent health and environmental issues.

5. Operational analysis

In the operational analysis, the way in which the plant will operate should be
described and understood. Some features that might support it are:

e Schedules of the personnel and occupational conditions of the workers

Besides the schedule of the personnel, the activities to be performed by each one
should be assigned and described (turning of the piles, cleaning, measure the
parameters, packing and transport, among others)

e Spatial distribution and organization and tools available

The spatial location of the different features in the composting plant should be well
defined. There should be a spatial organization and should be take considered an
appropriate location for the wastes in the composting plant.

e Source separation or method for separation of wastes

If the wastes are planned to be source-separated, training and education should be
given to the population since the elimination of hazardous wastes such as metals and
glasses is very relevant to get satisfactory results (Hoornweg, Thomas, & Otten, Urban
Waste Management: Composting and Its Applicability in Developing Countries, 2000), on
the other hand, if the separation will be made in the composting plant, the method
should be specified.

e Control of parameters to track the process

The composting technique should be controlled in order to guarantee the quality of
the final product, in order to do this some parameters such as pH, temperature and
humidity should be measured, they will evaluate if the process is developing in an
adequate way (Zurbriigg C. , Drescher, Patel , & Sharatchandra , 2004).
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e Transport facilities/collection of wastes

The method of collection for the solid waste should specified, besides, the mode in
which the final product will be carried to the final users or intermediators.

It should be considered that in favour of promoting the composting process and to
make it more profitable, it has been found that the most suitable methods for
collection are: from central stations or the kerbside collection (Slater & Frederickson,
2001). In addition to this, an effective training in households and for the plant’s
operators and personnel will benefit greatly the optimal develop of composting
projects (Mbuligwe, Kassenga, Chaggu, & Kaseva, 2002). Additionally, source-
separation should be encouraged, searching to produce good quality compost and
trying to minimize the cost of the separation after the solid waste is collected
(Hoornweg, Thomas, & Otten, Urban Waste Management: Composting and Its
Applicability in Developing Countries, 2000).
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Evaluation system

Dimensions and categories

According to the evaluation criteria used by the European Commission, three criteria
were identified as relevant for the evaluation of the performance of a composting
system. The three of them are defined as follows:

Efficiency: How were the inputs and activities converted into results?

“The fact that results have been achieved at reasonable cost, i.e. how well inputs/means
have been converted into results, in terms of quality, quantity and time, and the quality
of the results achieved. This generally requires comparing alternative approaches to
achieving the same outputs, to see whether the most efficient process has been adopted”
(European Commission, 2002)

Impact: Which benefits on society and sector?

“The effect of the project on its wider environment, and its contribution to the wider
sectorial objectives summarized in the project’s overall objectives, and on the
achievement of the overarching policy objectives of the EC” (European Commission,
2002)

Sustainability: Have and will the products and benefits be maintained?

“An assessment of the likelihood of benefits produced by the project to continue to flow
after external funding has ended, and with particular reference factors of ownership by
beneficiaries, policy support, economic and financial factors, socio-cultural aspects,
gender equality, appropriate technology, environmental aspects and institutional and
management capacity” (European Commission, 2002)

Moreover, according to the social, economical and environmental dimensions and
evaluation criteria previously mentioned, the composting process will be divided in 5
different phases, which can be seen in Figure 27. The objective of the evaluation
system is to measure (in general terms) the performance of a composting project
taking into account the sustainable development dimensions and throughout all the
chain of development of a composting process using indicators.

. Compost
Waste Waste Collection and production Compost use

generatlon
process

-

Figure 27: Phases of the composting process



Literature indicators

There are several indicators used in literature in order to design and measure the
performance of a solid waste management system, in this case, in composting
processes. In order to identify the most important ones for the model, they were
classified according to the phase in which they might work on the composting process
and according to the dimension of sustainability that they could measure.

Waste Generation

In this phase the wastes are generated, it is important to keep in mind that the main
generators of organic wastes, which are the ones that can be treated by composting
process, are households. Markets and food or agricultural businesses might also
produce organic wastes but they will not be taken into account.

Table 18: Waste generation indicators

Type of indicator Indicator Source
Environmental Density of the waste (organic waste) [kg/m3] UNEP
. Chemical composition of waste (organic waste)
Environmental [N.C,P.CaK, etc] UNEP
Social Service area [km2] UNEP
Environmental Quantities of waste generation in households UNEP
[kg/cap/day]
Physical composition of wastes in percentages and
Environmental d1v1(.ied in: putrescible matter, bones, paper, UNEP
plastics, yard/garden and wood, glass, metals,
rubber and leather, miscellaneous inert material
Environmental Moisture content of waste [%] UNEP
Environmental Vulnerablht.y to .nfjltur:al hazards: Percentage of Zabaleta
population living in hazard prone areas
Waste treatment and disposal: Percentage of waste
Environmental which is recycled; composted; incinerated; and Zabaleta
landfilled on a controlled site.
Biodegradable municipal waste landfilled in the
Environmental period 2006-2010, calculated as a percentage of EEA
the amount generated in 1995
Social Total population in the administrative area UNEP
. . . . Den Boer, Den
Economic General socio-economic status of the city
Boer, Jager
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. Median income: median monthly per capita Grootaert,
Economic .
income of respondents Bastelaer
. . . Grootaert,
Social Number of households in neighborhood
Bastelaer
Number of private organizations: number of sports
. , .. . . Grootaert,
Social and women's organizations in neighborhood
. Bastelaer
before voluntary solid waste management
Number of public organizations: number of
Social religious, welfare, neighborhood watch and library Grootaert,
organizations in neighborhood before voluntary Bastelaer
solid waste management
Median education: neighborhood median of mean
. . . Grootaert,
Social years of education of adults in observed
Bastelaer

households

Waste separation

In this phase, the separation of the organic wastes from the recyclable wastes is
performed, usually this part of the process is done by the households, this is called
source-separation but there are also other alternatives such as the mechanical
separation or manual separation in the composting site, but this will not be taken into
account due to the high cost of it.

Table 19: Source-separation indicators

Type of indicator Indicator Source
Number of environmental educational
Environmental programs or materials provided for the Jasch
community
Social Resources ap-plled to support of jasch
community environmental programs
. The quantity of recyclables collected per Gies (1995) Sttibak,
Environmental : . "
household per unit of time Nitivattanon
. Quantities of separately and non- Den Boer, Den Boer,
Environmental .
separately collected waste fractions Jager
. Documented sorting analysis of residual Den Boer, Den Boer,
Environmental
waste Jager
Social Number or local cleanup or recycling Jasch

initiatives, sponsored or self-implemented
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Social Favorability ratings from community Jasch
surveys
. The percent of households that sets out Folz (2004) Sttibak,
Social "
recyclables Nitivattanon
R s . Poiesz (1999) Triade
. Motivation (are citizens motivated to
Social model. Den Boer, Den
separate waste?)
Boer, Jager
. o . Poiesz (1999) Triade
Social Capacity (are citizens physically and model. Den Boer, Den
mentally capable to separate waste?)
Boer, Jager
Opportunity (are opportunities provided to Poiesz (1999) Triade
Social pp Y N pP P model. Den Boer, Den
enable citizens to separate waste?
Boer, Jager
. Social acceptability (MSWMS must be Den Boer, Den Boer,
Social
acceptable) Jager
Social equity (equitable distribution of
Social MSWMS benefits and detriments between Den BO?;’ E:n Boer,
citizens) 5
Social Social function (social benefit of MSWMS) Den Bo?;g]e):n Boer,

Collection and transport

In this phase the organic wastes are collected from households and are then
transported to the composting facility place. The transport system will depend on the
facilities, resources, state and size of the roads, among others.

Table 20: Collection and transport indicators

Type of indicator Indicator Source

Household waste collected [Area in km2 or %
of the service area; population or % of the
Social population; number of houses or % of the UNEP
number of houses; quantity or % of household
waste generated in the service area]

Total waste collected (including markets and

. UNEP
street sweeping waste)

Environmental

Economic Number of contractors UNEP
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Economic Actual collection frequency UNEP

Number of resources: pushcarts, frame
vehicles, and trucks. The following
information should be collected for each
Economic category. of equipment: number, type or make, UNEP
capacity, year of purchase, purchase cost,
amount and cost of fuel consumed, cost of
regular service/maintenance, cost of repair
and spare parts, average downtime

Weight or volume of solid waste collected
directly by the municipal authority daily per
dollar of collection

Economic UNEP

Economic Weight or volume of solid waste collected by UNEP
contractors per dollar of contractual fees

. Routing distance by collection vehicle divided Chang and.Wel
Economic ) . P (1999), Sttibak,
by total distance of network links in district e
Nitivattanon

Arena, Mastellone,

Environmental Crude oil consumption [g/kg waste] Perugini

Type and number of complaints made to the
solid waste management authority
(uncollected waste, odor, flies and insects,
spillage during transportation, or complaints
about the attitudes of collection workers. The
number and type of complaints should be
recorded by collection zone)

Environmental UNEP

. Weight or volume of solid waste collected
Economic . . UNEP
daily per dollar of collection cost

Noise of collection and transport: Expressed
through the increase of the mean sound level
. per year caused by the additional traffic
Environmental . . .
originated by the collection of the waste in
relation to the existing background traffic
sound level

Den Boer, Den Boer,
Jager

Traffic caused by collection and transport:
increased traffic pressure is accompanied by
various effects which are considered in other

. . R Den Boer, Den Boer,
environmental, social and economic indicators
. . . Jager
e.g. Emissions, noise, odor and costs. In this
indicator only the actual increase of traffic is

Environmental

considered
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Percentage of city population with regular Global City

Environmental solid waste collection Indicators Program
The number of workers; the average and total
wages (daily, monthly, and annually); and the
Social frlnge- benefits .(e.g., health insurance, pension, UNEP
paid leave), if any for supervisors, driver,
collection workers, street sweepers, vehicle
maintenance worker, others (drain cleaners)
Economic Population served per collection worker UNEP
Economic Population served per vehicle UNEP
Economic Household served per collection worker UNEP

Employment quality: this indicator assesses
the employment quality in the collection stage
Social of the waste management system, taking into
account the job characteristics and the wider
labor market context

Den Boer, Den Boer,
Jager

Employment quantity: measures the total

. . . Den Boer, Den Boer,
Social amount of direct employment in a waste

management subsystem. Jager
Workers' evaluation of physical working
. environment. 1=very unsatisfactory, 4= highly Klang, Vikman,
Social . :
satisfactory. Average and median response Brattebo

value

Compost production process

In this phase the organic wastes are converted into compost through an aerobic
process. The time to process the organic wastes to obtain stable compost will depend
on environmental conditions and on the composition of wastes that are handled.
Different variables such as: temperature, pH, C/N ratio should be measured to
guarantee the stability of the compost.

Table 21: Compost production process indicators

Type of indicator Indicator Source
Environmental Design capacity [ton/day] UNEP
Environmental Amount of waste processed [ton/day] UNEP
Environmental Amount of product generated [ton/day] UNEP
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Environmental Amount of residue generated [ton/day] UNEP

Economic Revenue from sales of products [Cost/yr] UNEP

Economic Savings due to reduced disposal cost [Cost/yr] UNEP

Number of complaints by type e.g. odor, flies and

. ST UNEP
insects, unsightliness

Social

Plant manager, engineers, technicians, laborers; for
each category of human resource, the following
Social indicators should be recorded: number, average and UNEP
total salaries, fringe benefits (e.g., health insurance,
pension, paid leave)

Land (Capital, as well as operation and maintenance,
Economic costs of these resources should also be recorded as UNEP
resource input indicators)

Facilities and equipment (Capital, as well as
Economic operation and maintenance, costs of these resources UNEP
should also be recorded as resource input indicators)

Utilities consumed (electricity, gas, water)(Capital, as
well as operation and maintenance, costs of these
resources should also be recorded as resource input
indicators)

Economic UNEP

Spare parts and other materials (Capital, as well as
Economic operation and maintenance, costs of these resources UNEP
should also be recorded as resource input indicators)

Annual revenue from sales of products per annual

Economic UNEP
total cost
Annual revenue from sales of products, plus annual
Economic savings due to reduced disposal cost per annual total UNEP
cost
Economic Quantity of waste processed per total cost UNEP
Economic Quantity of materials recovered per sorter UNEP
. uantity of waste converted to reusable material per
Economic Q y p Jasch
year
. Number of inquiries or comments about
Environmental . Jasch
environmentally related matters
. Number of press reports on the organization's
Environmental Pl p 5 Jasch
environmental performance
. Costs (operational and capital) that are associated
Economic . . . Jasch
with a product's or process environmental aspects
. uantity of raw materials reused in the production
Environmental Q y P Jasch

process
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Odor: describes the potential of odor nuisance
caused by a given waste management installation to

Den Boer, Den

Environmental the neighboring inhabitants, taking into account unit
o . . . Boer, Jager
odor emissions, size of the facility and distance to the
next housing area
Visual impact: measures the visual impact of the
. .. Den Boer, Den
Environmental waste treatment plants, taking into account the Boer, Jager
visibility, fragility and contour quality +Jag
Land consumption: Land occupation by a proposed
. waste treatment plant within a city or its Den Boer, Den
Environmental : R
surroundings, related to the actual land availability of Boer, Jager
the region
Risk perception: quantifies the risk perception of the
. P . P 9 P p Den Boer, Den
Environmental population towards waste treatment plants by means Boer, Jager
of a questionnaire survey of the population +Jag
Employment quality: this indicator assesses the
employment quality in the collection stage of the
. ploy q Y .. 5 Den Boer, Den
Social waste management system, taking into account the Boer, Jager
job characteristics and the wider labor market +1ag
context
Final destination: measures the social function of the
. used waste management option taking into Den Boer, Den
Environmental . .
consideration the recovery rate and the degree of Boer, Jager
waste valorization
Employment quantity: measures the total amount of
. P ‘y q ty . Den Boer, Den
Social direct employment in a waste management
Boer, Jager
subsystem.
Arena,
Environmental Water consumption [g/kg waste] Mastellone,
Perugini
Arena,
Environmental CO2 emissions [g/kg waste] Mastellone,
Perugini
Arena,
Environmental Air emissions of organic compounds [g/kg waste] Mastellone,
Perugini
Arena,
Environmental Air emissions of dust [g/kg waste] Mastellone,
Perugini
Arena,
Environmental S02 equivalent [g/kg waste] Mastellone,
Perugini
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Social

Workers' evaluation of physical working
environment. 1=very unsatisfactory, 4= highly
satisfactory. Average and median response value

Klang, Vikman,

Brattebo

Environmental

Urban environmental quality: VOC, Nox,Sox,
concentrations

WRI

Environmental

Soil and groundwater quality

WRI

Environmental

Precipitation rate

Zabaleta

Environmental

Usual temperatures and changes

Zabaleta

Environmental

Depletion of abiotic resources: related to extraction
of minerals and fossil fuels due to inputs in the
system. The Abiotic Depletion Factor (ADF) is

determined for each extraction of minerals and fossil

fuels (kg antimony equivalents/kg extraction) based
on concentration of reserves and rate of
deaccumulation (Goedkoop et al., 2004)

Banar, Cojaygil,

Ozkan

Environmental

Climate change: The characterization model as
developed by the Inter- governmental Panel on
Climate Change (IPCC) is selected for development of
characterization factors. Factors are expressed as
Global Warming Potential for time horizon of 100
years (GWP100), in kg carbon dioxide/kg emission
(Goedkoop et al.,, 2004)

Banar, Cojaygil,

Ozkan

Environmental

Human toxicity: Characterization factors, expressed
as Human Toxicity Potentials (HTP), are calculated
with USES-LCA, describing fate, exposure and effects
of toxic substances for an infinite time horizon. For
each toxic substance, HTPs are expressed as 1,4-
dichlorobenzene equivalents/kg emission (Goedkoop
etal., 2004).

Banar, Cojaygil,

Ozkan

Environmental

Photochemical oxidation: This impact indicator
defines substances with the potential to contribute to
photochemical ozone formation as volatile organic
compounds (VOCs), which contain hydrogen (not
fully substituted) and/or double bond (s)
(unsaturated). The impact potentials are expressed
as an equivalent emission of the reference substance
ethylene, C2ZH4 (Hauschild and Wenzel, 1998)

Banar, Cojaygil,

Ozkan
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Use of compost

This phase refers to the final part of the process where the compost is used as a
fertilizer or soil amendment; the main users of this could be farmers for their crop
growth or parks and urban green areas.

Table 22: Use of compost indicators

Type of

. e Indicator Source
indicator

Fertilizer use efficiency: measures the extent of fertilizer
use recovery in agriculture per crop unit. Data on the
quantities of fertilizers used are converted into the three
basic nutrient components and aggregated. The three
components are nitrogen (N), phosphorous (P205), and
potassium (K20). Nutrient components of crops and
their by-products are based on their standardized
chemical composition.

Environmental Zabaleta

Area under organic farming: Ratio of total utilized
agricultural area occupied by organic farming to total
utilized agricultural area. Organic farming involves
holistic production management systems, for crops and
livestock, emphasizing the use of management practices
in preference to the use of off- farm inputs. The indicator
may be extended to cover organic forestry and
aquaculture

Environmental Zabaleta

Environmental Toxic contamination: POC, heavy metal concentrations WRI

Important indicators for all the process

There are some indicators that should be taken into account to measure the overall

performance of the composting process, taking into account specially the economic
and social approaches.

Table 23: Indicators for the overall performance

.Ty.pe of Indicator Source
indicator
. Cost per ton or per household or per person (for Den Boer, Den Boer,
Economic .
entire WMS and per subsystem) Jager
. MSWMS cost as % of Gross National Product (GNP)  Den Boer, Den Boer,
Economic .
of the city Jager
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Diversion between revenue and expenditures for Den Boer, Den Boer,

Economic MSWMS Jager
Equity: the purpose of this criterion is to examine
Social the extent to which the economic burden is Den Boer, Den Boer,
distributed equitably among neighborhoods and Jager
citizens

Den Boer, Den Boer,

Economic Cost per person as % of minimum wage per person
Jager

Den Boer, Den Boer,

Economic Cost per person/income per person Jager

Den Boer, Den Boer,

Economic Subsidies or grants per person
Jager

Den Boer, Den Boer,

Social Social acceptability (MSWMS must be acceptable) Jager

Social Social equity (equitable distribution of MSWMS Den Boer, Den Boer,

benefits and detriments between citizens) Jager
Social Social function (social benefit of MSWMS) Den Bo?;,g]Z:n Boer,
Social Corruption: percentage -of population having paid Zabaleta
bribes
. The existence of laws in waste management and
Social . . Zabaleta
their quality

Social Accountability and transparency Global City Indicators
Program

Social Percentage of city government workforce thatare  Global City Indicators

women and minorities Program

Evaluation framework indicators

According to the literature review and on the main inferences from the study of the
cases, some indicators were chosen in order to evaluate the performance of a
composting project.

Performance on the different phases

Waste generation

Table 24: Evaluation framework for waste generation phase

CATEGORY TYPE INDICATOR DIMENSIONS

Impact Social Program area or service area [km2]

Quantities of organic waste [kg/household /day]

Impact Environmental L
P generation in households
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Impact Environmental

Percentage of organic waste: Total
organic wastes over total waste

[%]

Waste separation

Table 25: Evaluation framework for waste separation phase

CATEGORY

TYPE

INDICATOR

DIMENSIONS

Impact

Social-Env.

Quantity of organic wastes separated

per household per unit of time

[kg/household/day]

Efficiency

Social-Env.

Percentage of households that sets
out organic wastes

[%]

Collection and transport

Table 26: Evaluation framework for collection and transport phase

CATEGORY

TYPE

INDICATOR

DIMENSIONS

Efficiency

Social-Env.

Percentage of household waste
collected: kg of household waste
collected/total kg of household
waste generated

[%]

Impact

Social-Env.

Total of households served by
collection

Number of
households

Efficiency

Economic

Weight of waste collected daily
per dollar of collection cost

[ke/$]

Efficiency

Social

Routing distance by collection
vehicle divided by total distance
of network links in district

[%]

Sustainability

Environmental

Crude oil consumption divided
the waste generation

[g/kg waste]

Impact

Social

Number of complaints made to
the solid waste management
authority about the collection

process (uncollected waste, odor,
flies and insects, spillage during
transportation, or complaints
about the attitudes of collection
workers

Number of
complaints/year

Impact

Social

Percentage of total population
with regular solid waste
collection: population with
regular solid waste collection
over total population of the city

Impact

Social

Employment quantity: total
number of workers in collection
system

Number of workers
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Efficienc Social-Econ Households served per collection [number of

y ' worker households/worker]
Efficienc Social-Econ Households served per vehicle [number of

y ' P households/vehicle]

Compost production process

Table 27: Evaluation framework for compost production process phase

CATEGORY TYPE INDICATOR DIMENSIONS

Impact Environmental Capacity of the composting facility [ton/day]

Percentage of usage of the
composting facility: tons of waste

. = _ 0
Efficiency Env.-Econ. processed per day divided by the total [%]
capacity of the facility in tons per day
Impact Social-Econ. Amount of product generated [ton/day]
Sustainability Environmental Amount of residue generaFed after the [ton/day]
compost production
Sustainability Economic Revenue from sales of products [$/year]
Impact Economic Savings due to reduced disposal cost [$/year]
Savings of emissions from other [CH4
Sustainability Environmental treatments due to the compost o
. emissions/year]
production process
Impact Social Number of complaints by type e.g. Number of

odor, flies and insects, unsightliness = complaints/year

Employment quantity: total number

. . . Number of

Impact Social of workers in the composting

. workers
production process
Land, equipment and utilities
. ire . electricity, gas, water) cost (capital
Sustainability Economic ( Y, 8 ) (cap [$/year]
as well as operation and
maintenance)
. . . Cost per unit: Quantity of waste
Sustainability Economic P dQ yl [kg/$]
processed per total cost
Quantity of waste converted to [tons
. compost per year: tons of organic
Efficiency Env.-Econ. poSt per year: t & waste/tons of
waste per year divided by tons of
compost]
compost produced per year
Number of press reports on the
Im . B X Number of press
pact Social organization's environmental

reports

performance
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Impact Economic Total cost of the composting facility [$/year]
per year
Land consumption: Land occupation
. . by a composting facility plant within a
Efficiency Environmental . : [%]
city or its surroundings, related to the
actual land availability of the region
. . ‘ Water consumptlon: total kg of water kg H20 /kg
Sustainability Environmental consumed during the project yearly
waste]
over the total kg of waste treated
CO2 emissions: total kg of CO2
Sustainability Environmental emissions per year divided by the ke CO2/kg
waste]
total kg of waste treated yearly
Air emissions of organic compounds: [kg Organic
. - . total kg of organic compounds
Sustainability Environmental . L compounds/kg
emissions per year divided by the
waste]
total kg of waste treated yearly
Efficiency Social-Econ. Kg of wastes. t.reated per compost [kg
facility worker wastes/worker]
Use of compost
Table 28: Evaluation framework for use of compost phase
CATEGORY TYPE INDICATOR DIMENSIONS
Efficiency Env.-Ecomn. Kg of compost used yearly over kg of %]

compost produced yearly

Impact Social Number of users of compost per year [Users/year]

Annual revenue from sales of products %]

Efficiency Economic
per annual total cost

Annual revenue from sales of products,
Efficiency Economic plus annual savings due to reduced [%]
disposal cost per annual total cost

Total revenues of the composting
Impact Economic facility due to the sale of compost per [$/year]
year

Kg of compost used in urban gardens

Impact Environmental and parks per year

[kg/year]

Overall performance
Some indicators were identified as the most important ones to evaluate the overall

performance of the composting system based on the different types and categories;
these are shown in Table 29.
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Table 29: Evaluation framework for the overall performance

CATEGORY TYPE

INDICATOR

DIMENSIONS

Efficiency Economic

Cost per ton (for entire
composting system and per
subsystem)

[$/ton]

Impact Economic

MSWMS cost as % of Gross
National Product (GNP) of the
city

[%]

Sustainability Economic

Diversion between revenue
and expenditures for MSWMS

[$]

Efficiency Environment

Quantity of waste converted
to compost per year: tons of
compost produced per year
divided by tons of organic
waste processed by the plant
per year

[ton
compost/ton
waste]

Impact Environment

Percentage of the total
organic waste which is being
processed

Sustainability Environment

GHG emission avoided

Efficiency Social

Number of people served per

1000 dollar spent (number of

employees directly related to

the composting management

over the overall employees of
the MSWMS)

Impact Social

Percentage of the total
population that is being
served by the composting
project

Sustainability Social

Population that is willing to
participate in composting
project / population using the
compost
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Conclusions

The generation of solid waste has increased all around the world over the last few
decades and the particular context of developing countries, which has some specific
characteristics such as: lack of adequate policies and legislation, lack of data, lack of
financial resources, high content of organic matter in the wastes, among others, has
made it harder to have an efficient and complete system of municipal solid waste
management.

In this research, composting is presented as a suitable alternative for solid waste
management in developing countries in a centralized as well as a decentralized
approach according to the local conditions. The strengths of this process are based on
the ease of the process, its flexibility, the low investment needs and the possibility of
use of the final product. Moreover, as the composition of the municipal solid waste has
a high content of organic matter composting might treat around 50% of the total
municipal solid waste produced in developing countries.

Based on a literature review and the analysis of some cases of composting projects in
developing countries, it was found that there is no specific operative guideline when
addressing a composting facility in developing countries including not only the
technical aspect but also the social and economic ones; furthermore, the planning and
evaluation system, which are critical steps on the overall process were done
differently in each one of the studied cases and considered diverse aspects. In this
order of ideas, it was not possible to fully compare the cases between one another,
creating the need of a unified evaluation system, which allows the comparison of their
performances.

Given these results an operative guideline was designed in order to give an advice
about all the variables and considerations that should be taken into account when
addressing a composting project. The main two main cores of the operational
guideline are the planning system and the evaluation system, which were identified as
fundamental stages.

The proposed planning system is integrated by the stakeholder analysis,
environmental context analysis and the composting plant analysis. The three of them
try to integrate all the approaches that should be included and thought to design a
composting facility. On the other hand, the evaluation systems aims to give an
evaluation line to follow the performance of a composting project, moreover, give the
possibility to compare the performance between two different composting project
cases; the evaluation system has the social, environmental and economic approach
and is based on indicators of efficiency (13 indicators), impact (18 indicators) and
sustainability (9 indicators) for all the identified stages of the process (generation,
separation, collection, production process and use of compost); besides there are 9
indicators identified as very representative of the social, economic and environmental
approach of the overall process and divided into efficiency, impact and sustainability.
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However, the study presents some limitations which could be addressed in future
researches, the most important one is the lack of application of the proposed
operative guideline to a composting project, besides, it would be very interesting to go
further in the planning system, with specific charts and recommendations about how
to complete the economic analysis. Moreover, it was difficult to find specific data
about composting in developing countries, this is one of the reasons why it is
recommended to keep records and document at least the most important variables of
these kind of projects such as: mass flows, costs, efficiency, population served, etc.
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