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PREFACE

The collection, transport, treatment, and disposal of solid wastes, particularly wastes generated in
medium and large urban centres, have become a relatively difficult problem to solve for those
responsible for their management. The problem is even more acute in economically developing
countries, where financial, human, and other critical resources generally are scarce.

One important contribution to the difficulties related to waste management is that which can be
achieved by providing objective, reliable, and useful information to professionals in developing
countries and to those from industrialized countries who may be called upon to provide assistance
to those countries.

Although several publications deal with a variety of topics in the field of solid waste
management, most of these documents have been published to address the needs of industrialized
nations. Only a few documents have been specifically written to provide the type of information
that is required by those in developing countries. Consequently, the UNEP, IETC published the
International Source Book on Environmentally Sound Technologies for Municipal Solid Waste
Management (1996). Similarly, the authors of this document prepared a book entitled Solid Waste
Management for Economically Developing Countries (1996), which has undergone some
revisions. The need was identified to update both documents once again. To maximize the use of
limited available resources, it was decided to combine information from both documents, update
some of the information as needed, and convert the two publications into a single document that
could best serve the needs of developing countries.

This publication has been prepared primarily for two audiences: 1) decision-makers and policy
makers, and 2) professionals involved in the management of solid wastes. The information in the
publication would also be useful to students in environmental engineering. The material is
presented such that most chapters need not be read in any particular sequence. However, if a
formal classis based on the book, the chapters should be covered in sequential order.

Lo Zhz

LuisF. Diaz Per Bakken
President, CalRecovery, Inc. Director, IETC
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CHAPTER I.INTRODUCTION

A. Definition of developmental status

The status of development of a country may be categorised in several ways. With respect to its
impact on solid waste management, in this publication status of development is categorised on
the basis of availability of economic resources and on degree of industrialisation. Status of
economic development is more a measure of the permanent economic framework than of the
existing condition of the economy (recession vs. prosperity). In thisdocument, theemphasisison
solid waste management in asetting that is primarily non-industrial. Such management is adapted
to the nature and quantities of waste generated and to the availability of technology for handling
and processing characteristic of non-industrial settings. Degree of industrialisationismeasuredin
terms of extent of mechanisation and availability of technological resources. Justifiably or not,
the terms “developed” and “industrialised” occasionally are used synonymously.

Because of localised changes in degree of development within each country, it is difficult to
apply a single developmental category as far as solid waste management is concerned. For
example, a large urban community (typically the capital city and surrounding area) in a
developing nation may be in a stage of development that is well above that of the rest of the
nation. On the other hand, these communities are not entirely immuneto the limitationsimposed
by the status of the nation.

In this document, the authors have made an effort to incorporate in each section a range of
coverage that encompasses the range of development that is typicaly found in economically
devel oping nations without resorting to repetitive descriptions of technologies that do not vary
substantially with scale of operation or degree of sophistication.

It is important to note that although the information presented in this document is applicable
primarily to developing countries, some of it may also be applicable to anation in transition or
even to adeveloped or industrialised nation.

B. Characteristics of solid waste in developing countries

“Municipal solidwaste” (MSW) isaterm usually applied to aheterogeneous collection of wastes
produced in urban areas, the nature of which variesfrom region to region. The characteristicsand
quantity of the solid waste generated in aregion isnot only afunction of the living standard and
lifestyle of the region's inhabitants, but also of the abundance and type of the region's natural
resources. Urban wastes can be subdivided into two major components-- organic and inorganic.
In general, the organic components of urban solid waste can be classified into three broad
categories: putrescible, fermentable, and non-fermentabl e. Putrescible wastestend to decompose
rapidly and unless carefully controlled, decompose with the production of objectionable odours
and visual unpleasantness. Fermentable wastes tend to decompose rapidly, but without the
unpleasant accompani ments of putrefaction. Non-fermentable wastestend to resist decomposition
and, therefore, break down very slowly. A major source of putrescible waste isfood preparation
and consumption. As such, its nature varies with lifestyle, standard of living, and seasonality of
foods. Fermentable wastes are typified by crop and market debris.

The primary difference between wastes generated in devel oping nations and those generated in
industrialised countries is the higher organic content characteristic of the former. The extent of
the differenceisindicated by the datain Tablel-1, in which is presented information relative to
the quantity and composition of municipal solid wastes generated in several countries.

1



Tablel-1. Comparison of solid waste char acterisation worldwide (% wet wt)

L ocation Putres Paper Metals Glass Plastics, Tex- Ceramics, Wt (g)/
-Cibles Rubber, tiles Dust, cap/
Leather Stones day
Bangalore, India[1] 752 15 01 0.2 0.9 31 19.0 400
Manila, Philippines[2] | 455 145 49 27 8.6 13 27.5 400
Asuncion, Paraguay [2]] 60.8 12.2 23 46 4.4 25 13.2 460
Seoul, Korea[3] 223 162 41 106 9.6 3.8 33.4° 2,000
Vienna, Austria [4] 233 33.6 3.7 104 7.0 31 189° 1,180
Mexico City, Mexico 59.8° 11.9 11 33 35 0.4 20.0 680
[5]
Paris, France [4] 16.3 409 32 94 8.4 4.4 174 1,430
Austraia[7] 236 391 6.6 10.2 9.9 9.0 1,870
Sunnyvale, Cdifornia, | 39.4° 408 35 44 96 1.0 1.3 2,000
USA [6]
Bexar County, Texas, 43.8° 340 43 55 7.5 2.0 2.9 1,816
USA [6]

a
b
c
d

Includes briquette ash (average).

Includes “all others’.

Includes small amounts of wood, hay, and straw.
Includes garden waste.

Wastes generated in countries located in humid, tropical, and semitropical areas usually are
characterised by ahigh concentration of plant debris; whereasthose generated in areas subject to
seasonal changesin temperature or thosein which coal or wood are used for cooking and heating
may contain an abundance of ash. The concentration of ash may be substantially higher during
winter. Regardless of climatic differences, the wastes usually are more or |ess contaminated with
nightsoil. These differences prevail even in wastes generated in large metropolitan areas of a
devel oping country.

Ideally, solid waste should not contain faecal matter or urine, and the mixing of these materials
with household waste should be prohibited by law. However, enforcement difficulties, combined
with variationsin way of life, necessitate sometolerancein this matter. Solid waste collectionin
a manner satisfactory with respect to environmental health is made difficult when human
excretory wastes are mixed with household wastes. Handling of pathologica wastes, abattoir
wastes, industrial wastes, and similar materials, in association with household wastes, also should
not be permitted. Nevertheless, it isimportant to keep in mind that despite all precautions, some
pathogens and chemical residues inevitably will be present in the waste.

C. Importance of a sound solid waste management program

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 alater time in the form of resources needlessly lost and a staggering adverse
impact on the environment and on public health and safety. The penalty is neither avoided nor
lessened by aresolveto do something about the waste at alater time, when the country may bein
abetter position to take appropriate measures. Thisistrue because, asisindicated by the datain
Tablel-1, therate of waste generation generally increasesin direct proportion to that of anation's
advancein development. Nor isthe penalty lessened by the faulty rationalisation that advancesin
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developmental status have higher priority than maintenance of a liveable environment. The
greater the degradation of the environment, the greater is the effort required to restore its good
quality. 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.

C1. ENVIRONMENTAL and health impacts

The organic fraction of MSW isan important component, not only becauseit constitutesasizable
fraction of the solid waste stream in a developing country, but also because of its potentially
adverse impact upon public health and environmental quality. A major adverse impact is its
attraction of rodents and vector insects for which it provides food and shelter. Impact on
environmental quality takes the form of foul odours and unsightliness. These impacts are not
confined merely to the disposal site. On the contrary, they pervade the area surrounding the site
and wherever the wastes are generated, spread, or accumul ated.

Unless an organic waste is appropriately managed, its adverse impact will continue until it has
fully decomposed or otherwise stabilised. Uncontrolled or poorly managed intermediate
decomposition products can contaminate air, water, and soil resources.

C2. EPIDEMIOLOGICAL studies

Studies have shown that a high percentage of workerswho handlerefuse, and of individualswho
live near or on disposal sites, are infected with gastrointestinal parasites, worms, and related
organisms [8]. Contamination of thiskind islikely at all points where waste is handled.

Although it is certain that vector insects and rodents can transmit various pathogenic agents
(amoebic and bacillary dysenteries, typhoid fever, salmonellosis, various parasitoses, cholera,
yellow fever, plague, and others), it often isdifficult to trace the effects of such transmissionto a
specific population.

Due to the implementation of modern solid waste management practices, both the public health
and the quality of the environment are benefited directly and substantialy.

A modern solid waste management program can beimplemented for areasonable cost. Thisisan
important fact because there are ampl e known situations where solid waste management costsin
developing countriesare high and thelevel of servicelow. But, if the underlying reasonsfor these
situations are analysed, then one can see in many cases that cost-effective waste management
systems would result if the identified deficienciesin the systems were remedied.

For example, in some devel oping countries, municipalities spend a disproportionate amount of
financial resources on certain solid waste services, in particular waste collection and sweeping. In
the past, acommon approach to curing poor service provision wasto simply expend more capital
(e.g., theacquisition of additional equipment, design and construction of facilities, etc.) without
also addressing and remedying inefficienciesinherent in the system. Unfortunately, high capital
investment in the solid waste management sector in many developing countries does not
necessarily lead to improvements in the quality of service. On the other hand, substantial
improvements can be achieved in many cases by making low-cost, or sometimes no-cost,
modifications in the existing system, with the focus being on increasing system efficiencies.
Examples of such improvements arethe efficient design of collection routes, modificationsinthe
collection vehicles, reductionsin equipment downtime, and public education, (e.g., education and
communication leading to the production of less waste and the reduction of litter).



D. Recovery and utilisation of resources

For several reasons, resource recovery is a major element in solid waste management in
developing nations. Reclaimable inorganic components (metals, glass, plastic, textiles, and
others) traditionally have been recovered mostly by way of unregulated manual scavenging by
private individuals (typically known as the “informal” sector). In recent years, the trend is to
formalise and mechanise scavenging through the establishment of material recovery facilities
(MRFs) [6]. Reuse and recovery of the inorganic components of the waste stream isan important
aspect of waste management.

Special attention isgiven to organic (biodegradabl e) residues since, in the majority of developing
countries, these residues constitute at |east 50% of the waste (by weight). The resource recovery
aspect regarding the organic component is threefold:

1. The component can be used in agriculture as a soil amendment through composting.

2. Its energy content can be recovered either biologically or thermally. Biologica energy
recovery isby way of methane production through anaerobic digestion. Thermal recovery is
by way of combustion to produce heat.

3. The organic content can be hydrolysed either chemically or enzymatically to produce a
sugar. The sugar can be used asa substrate for ethanol fermentation or for single-cell protein
production.

Of the three applications, use in agriculture is the most practical. Although dating back many
years, methane production (“ biogasification”) has only recently begun to receive serious attention
asapotential alternative source of energy. Many hurdles, primarily economic in nature, must be
surmounted before either single-celled protein production or ethanol fermentation become a
practical redlity.

An accurate knowledge of the quantity and composition of the waste input is essential to the
success of aresource recovery undertaking. The composition and constancy of the amount of the
input must be assured. Obvioudly, it would be sheer foolishness to attempt an operation of any
practical size without having an assured supply of raw material. Not only must the constancy of
the supply be assured, it must always be available at areasonable cost. Additional requirements
are adequate economic and qualified human resources.

As far as economically developing nations are concerned, with rare exception, adequate
economic resources would preclude processes such as hydrolysis and perhaps large-scale
anaerobic digestionin areactor. These processes depend upon relatively expensive sophisticated
equipment. On the other hand, composting can range from the composting carried out by
individual homeownersto that undertaken by municipalities. Equipment for composting need not
be sophisticated.

Last but not least, the availability, size, and continuity of a market or some form of demand for
the reclaimed resource must be determined, | est recycling become merely apreludeto landfilling.

E. Scope and organisation of the book

The book is organised into two volumes. In Volume , it is further divided into four parts, four
appendices, and a bibliography and glossary. The contents of each of the four parts are
summarised below:



e Part | deals with the principles of solid waste management. Including the Introduction, it
consists of five chapters that collectively cover framework for management of solid waste,
waste quantity and characteristics, storage and collection, and street cleaning.

e Part Il dealswith processing and treatment. The eight chaptersincluderecycling, agricultural
utilisation of the organic components, and biological and therma recovery of energy.
Composting is explored in detail.

e Part Il isconcerned with final disposal. Its single chapter covers sanitary landfilling.

e Part IV consists of four chapters and deals with non-technological matters: regulatory and
economic instruments, financial aspects, policy alternatives, and management information
systems (MIS).

The appendices of the publication include supporting and additional information related to public
health, compost characteristics, performance indicators, and costs of solid waste management
technologies.

Volume Il describes solid waste management in several geographical regions around theworld,
and provides contact information for each region. Volume Il isincluded on a CD in theinside
cover of Volume .

Thus, the publication covers the principal elements of solid waste management planning and
implementation that would be appropriate for developing nations. Both non-technical and
technical issues are discussed in detail since the planning and implementation of solid waste
management systems necessarily involves an understanding of both sets of issues. Since the
waste stream in developing countries is largely organic in nature, use of organic waste in
agriculture and composting receive considerable attention.

The primary emphasis of this book is on the management of solid waste in an urban setting. The
urban setting may be a small municipality, any intermediate size community, or a large
metropolitan area. In some cases, technological aspects could be extrapolated to rural settings.

The publication is directed toward individual s who are responsible for solid waste management
or have asignificant rolein it. The intent isto acquaint such individuals with available options
and to supply background information needed to arrive at decisionsthat are in keeping with the
country's cultural, economic, and technological conditions. Consequently, the information is
geared more toward decision-making than to detailed engineering design of specific facilitiesat
particular places. Detailed engineering design demands input by competent professionals
specifically well versed in solid waste management and in sympathy with the special needs of the
community seeking their professional aid. Thisis particularly true when the scale of a project
exceeds afew tons of waste per day. Although detailed engineering designisnot thefocus of this
publication, for many of the technical subjects covered in the publication, fundamental scientific
and engineering principles are described. Consequently, the reader is exposed to the basic
rel ationships between performance and operating conditions and can use the basic principlesto
analyse solid waste management systems based on a particular set of circumstances.

Asthe Introduction comesto aclose, the authorswould like to emphasi se that the management of
solid wastes is a difficult problem that need not be made more difficult by unnecessarily using
complex (high)-technology. The avoidance of unnecessary high technology is critical to
successful solid waste management in the low technology economies of developing nations.
I mportation of complex equipment and technol ogy should be kept to aminimum. Too frequently,
atechnology that may be considered |ow technology and readily applicablein one country may
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be too sophisticated and otherwise unacceptable in the country doing the importing. This
statement applies not only to methods of disposal but also to the collection of wastesand even to
the devices for storing them.
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CHAPTER II. FRAMEWORK FOR MANAGEMENT OF SOLID WASTE

A. Integrated waste management

Thisdocument is organised by waste management topi cs, which range from waste characteristics,
to collection, to landfilling, and to public education and information management. Although these
topics are discussed in detail later in the publication, some are also discussed generally in this
chapter in the context of their relevance and application to supporting the basic framework for
solid waste management. Specifically, this section discusses the relationships among the key
topics covered in this book. Understanding these relationshipsis akey element in successfully
achieving integrated waste management -- asingle, overall approach to managing wastein acity,
town, or region.

Al. ELEMENTS of awaste management system

A comprehensive municipal solid waste management (M SWM) system includes some or all of
the following activities:

setting policies,
e developing and enforcing regulations;

e planning and evaluating municipal MSWM activities by system designers, users, and other
stakeholders,

e using waste characterisation studies to adjust systemsto the types of waste generated,;

e physically handling waste and recoverable materias, including separation, collection,
composting, incineration, and landfilling;

e marketing recovered materialsto brokersor to end-usersfor industrial, commercial, or small-
scale manufacturing purposes,

e establishing training programs for MSWM workers;

e carrying out public information and education programs;

e identifying financial mechanisms and cost recovery systems;

e establishing pricesfor services, and creating incentives;

e managing public sector administrative and operations units; and

e incorporating private sector businesses, including informal sector collectors, processors, and
entrepreneurs.

A2. WHAT isintegrated waste management?

Integrated waste management isaframe of referencefor designing and implementing new waste
management systems and for analysing and optimising existing systems. Integrated waste
management is based on the concept that all aspects of a waste management system (technical



and non-technical) should be analysed together, since they are in fact interrelated and
developments in one area frequently affect practices or activities in another area.

A3. IMPORTANCE of an integrated approach
An integrated approach is an important element of sound practice because:

e Certain problems can be more easily resolved in combination with other aspects of thewaste
system than on their own. Also, development of new or improved waste handling in one area
can disrupt existing activities in another area unless changes are handled in a coordinated
manner.

e Integration allowsfor capacity or resourcesto be optimised and, thus, fully utilised; thereare
frequently economies of scale for equipment or management infrastructure that can be
reached only when all of the waste in aregion is managed as part of a single system.

e An integrated approach allows for participation of public, private, and informal sector
participants, in roles appropriate for each.

e Some waste management practices are more costly than others, and integrated approaches
facilitate the identification and selection of low-cost solutions. Some waste management
activities cannot bear any charges, some will aways be net expenses, while others may
produce an income. An integrated system can result in arange of practices that complement
each other in this regard.

e Failure to have an integrated system may mean that the revenue-producing activities are
“skimmed off” and treated as profitable, while activitiesrelated to maintaining public health
and safety fail to secure adequate funding and are operated at low or insufficient levels.

A4. METHODS for integrating a waste system

Planners can work toward integrated systemsin anumber of ways. Thefirst task isto consider all
aspects of theformal part of the waste system within one framework and to produce aplan based
on the objectives of the entire system. One of the foundations of the framework for modern,
integrated solid waste management systems is the solid waste management hierarchy, which
specifies the precedence that should be given to key waste management activities that affect
waste generation, treatment, and disposal. The hierarchy is discussed in more detail in the
following section.

Second, intermsof jurisdictional and staffing issues, is putting all waste-related functions under
the same division or agency, which isan important means of achieving integration. A third way
of facilitating coordination and assessing trade-offs among all aspects of a waste management
system isto create integrated financial structuresthat, for example, use disposal feesto finance
materialsrecovery or public education. Morebroadly, it isimportant to assessall MSWM system
costs, as well asidentify opportunities for generating revenues.

A5. WASTE management hierarchy as akey element of integrated solid waste management

The waste management hierarchy isawidespread element of national and regional policy andis
often considered the most fundamental basis of modern MSWM practice. The hierarchy ranks
waste management operations according to their environmental or energy benefits. Invirtually all
countries, the hierarchy issimilar to that shownin Tablell-1, with thefirst entries having higher
priority than those below them.



Tablell-1. Solid waste management hierarchy

¢ Prevent the production of waste, or reduce the amount generated.

Reduce the toxicity or negative impacts of the waste that is generated.

Reuse in their current forms the materials recovered from the waste stream.

Recycle, compost, or recover materials for use as direct or indirect inputs to new products.
Recover energy by incineration, anaerobic digestion, or similar processes.

Reduce the volume of waste prior to disposal.

Dispose of residual solid waste in an environmentally sound manner, generally in landfills.

The purpose of the waste management hierarchy is to make waste management practices as
environmentally sound as possible. The waste management hierarchy has been adopted in various
forms by most industrialised countries. Its principal elements are also included in international
conventionsand protocols, particularly those dealing with the management of toxic or hazardous
wastes, and in regional attempts to develop a coordinated policy on the reuse of various
byproducts of waste management processes.

Thehierarchy isauseful policy tool for conserving resources, for dealing with landfill shortages,
for minimising air and water pollution, and for protecting public health and safety. In many
developing countries, some aspects of this hierarchy are aready in place, since traditional
practices revolving around waste prevention, reuse, and recycling are prevalent.

At the sametime, it should be recognised that all waste management practices have costs, aswell
as benefits. This means that the hierarchy cannot be followed rigidly since, in particular
situations, the cost of aprescribed activity may exceed the benefits, when al financial, social, and
environmental considerations are taken into account.

B. Stakeholders

Appropriate practice in waste management systems necessitates clear delineation of jurisdiction
and responsibility, with all stakeholders participating in system design, and with those affected, at
every level, aware of the lines of accountability.

Governments will generally have final jurisdiction and responsibility for overall policy and for
management of the MSWM system, whether or not the government itself is performing the waste
management functions. The following participants all have some important relation to waste
management and, in some cases, significant levels of responsibility for policies or operations.

B1l. RESIDENTIAL waste generators

Local residents’ preferences for particular types of waste service, their willingness to source
separate recyclable materials, their willingnessto pay for the service, and their capacity to move
waste to communal collection pointsall have an impact on the overall waste system. Incentives
can affect residents' preferences and behaviour.

B2. BUSINESS waste generators

Businesses also produce waste, and the business sector can become a significant player in the
waste management system, particularly, asisincreasingly the case, when businesses must pay
directly for their waste service. As with residents, incentives can play an important role in
shaping behaviour.



B3. PUBLIC health and sanitation departments

The maintenance of public health and sanitation is an important public responsibility and,
especialy in developing and transition countries, is usually under the jurisdiction of the
municipal public health department. In anintegrated system, this department often hasinspection
and enforcement responsibilities, but isnot directly involvedin collection or disposal operations.

B4. PUBLIC works departments

These local government units most often have operational responsibility for waste collection,
transfer, treatment, and final disposal. Frequently, however, the collection of recoverable
materials or management of private contractors is the responsibility of a different department,
often creating conflicting goals and activities that work against each other.

B5. NATURAL resource management agencies

These agencies often have responsibility at the local or regional level for activities relating to
materials recovery or composting. This splits these activities away from waste management
functions, resulting in poor integration. Sound practice most often means putting all of the
functions under the same agency or department.

B6. NATIONAL or state/provincial environmental ministries

Overall, waste management policy generally is established at these levels. With respect to
materials recovery policies, there is less policy-making at this level in developing countries.
Sound practice includes not only setting policies, but putting programs in place to implement
them and to establish integration consistent with the policies.

B7. MUNICIPAL governments

In most countries, city or town governments have overall responsibility for waste management
operations -- ensuring that collection takes place and that the collected materialsare delivered to
processors, markets, or disposal facilities. Financing for vehicles, crews, and other equipment
usually is provided by the municipal government, which is ultimately responsible for the entire
process.

B8. REGIONAL governments

Regional bodies or large city governments often have responsibility for landfills, incinerators,
composting facilities, or the like, particularly in countries where there is a shortage of disposal
space at thelocal level. Regional governmentsin charge of thesefacilities generally have access
to astream of revenues from fees paid by waste collection companies for disposal.

B9. PRIVATE sector companies

Private sector companies tend to be involved in collection of waste, in street sweeping, in the
recovery of materials, and, increasingly, in the construction and operation of landfills,
incinerators, and compost plants, as concessionaires or contractors from the responsible
government authority. Unlike governments, private companies do not have any direct
responsibility for maintaining public sanitation or health, so their involvement is limited to
functionsin which they can make a profit. If thereisno stream of revenue, it is not reasonableto
expect private sector involvement.
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The necessary revenue stream, however, can come from direct charges or alocations from
government.

B10. INFORMAL sector workers and enterprises

In developing countries, but also to asignificant extent inindustrialised and transition countries,
individual workers and unregistered, small enterprisesrecover materialsfrom the waste stream,
either by segregated or specialised collection, by buying recyclable materials, or by picking
through waste. These workers and enterprises clean and/or upgrade and sell the recovered
materials, either to an intermediate processor, a broker, or a manufacturer. Informal sector
workers sometimes manufacture new items using the recovered materials, making, for example,
gaskets and shoe soles out of discarded tires.

B11. NON-GOVERNMENTAL organisations

Non-governmental organisations (NGOs) are yet another set of participants in the waste
management field. NGOs often have amission of improving the environment or the quality of life
for poor or marginalised groups,; as part of this mission, they may stimulate small-scale
enterprises and other projects. Since waste materials represent, in many cases, the only growing
resource stream, these organisations frequently base their efforts on extraction of certain
materials not currently being recovered and processing them to add value and produce revenue.
In Latin America, a number of composting projects were started this way.

B12. COMMUNITY-BASED organisations

In a number of locations where there is insufficient collection or the neighbourhood is
underserved, community-based organisations take an active role in waste management
operations. These organisations, which are smaller in scale or local NGOs, may form primarily as
self-help or self-reliance units, but they may, over time, evolve into service organisations that
collect feesfrom their collection clients and from the sale of recovered materials. NGOsworking
with informal workers and community-based entrepreneurs often seek recognition for these
organisations as part of the waste management system.

B13. POOR and residents of marginal and sguatter areas

Waste service, much like other public services, frequently follows political power and clout,
leaving the residents of poor and marginalised areaswith inadequate service (or no serviceat al),
dirty streets, and the continual accumulation of refuse and faecal matter on the streetsand in other
public areas. Very often, these people have the greatest need for improved or expanded waste
service.

B14. WOMEN

Waste handling disproportionately touches the lives of women, particularly in some developing
and transitioning countries. Women often collect thewaste and set it out or moveit to community
transfer areas. Women are far more likely to be involved in materials recovery than in other
comparable types of physical work. This is perhaps because they are in daily contact with the
waste in their homes, and perhaps because women tend to be among the most marginalised
groups of some societies.

11



C. Cost and cost recovery

Since proper waste collection and disposal are necessary to maintain the cleanliness and public
health of acommunity, these services benefit both the generators and the community asawhole.
In this context, proper waste collection includes both regular collection service and cleanup of
wastes that generators have disposed in an unacceptable manner (i.e., litter).

Not all “waste” is considered to be waste by everyone, however. Scavengers and small-scale
recyclers successfully extract value from other people’ swastes. This process can potentially be
managed so that the informal sector often involved in such activities complements ongoing
institutionalised waste collection, rather than interfering with it. As discussed in this document,
there are serious health and social problems associated with scavenging, but the point is that
much “waste” actually has valueto someone. Those who remove recoverable materialsfrom the
waste stream are reducing the waste disposal costs of the whole community. In industrialised
countries, there is now an increasing awareness of the value of sorting out the reusable and
recyclable components of the solid waste stream.

In the end, though, some quantities of waste must be collected and disposed, and this service
must be paid for in some manner. Additionally and depending on local circumstances, other
waste management services may require funding in some form, including public education and
processing of waste for recovery and reuse of recyclable materials.

C1. FEES and charges

Until recently, in most countries, especially developing countries, countries in transition, and
European social democracies, the management of waste has been considered to be the
responsibility of government, financed by general revenues. In recent years, partly as aresult of
austerity and structural adjustment policiesand pressuresfrom multilateral financial institutions,
and partly as a result of pressures to limit taxes, governments have increasingly focused on
identifying specific revenue sources for waste management. This has led to a series of
innovations relating to fees and charges for waste collection and disposal.

C1.1. Charging directly for waste service

One approach to the financing of waste systemsisto obtain payment from those who benefit from
the service. On the simplest level, waste generators benefit from collection service, and there
have been some attempts, particularly in North America, to get households to pay directly for
their own waste removal on the basis of how much waste they are setting out. The system of unit
feesfor waste removal workswell and represents sound practice when individual swant to get rid
of their waste and can afford the fees. It works poorly when people are too poor to pay fees, when
thefeesare simply too high, or when there are ready alternatives and no controlsfor disposing of
wastes, such as by throwing them into the countryside.

Fees can be used to finance waste collection or other aspects of the waste system. Fees can also
be used as incentives to generators to create less waste.

C1.2. Indirect charges

In somelocations, chargesfor waste are linked to other public servicesthat people arewilling to
pay for, such as water or electricity. Including waste charges in water and (if present) sewer
charges alows some cost recovery; studies have shown that water and electrical energy
consumption are rough indicators of waste generation.
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C1.3. Incentives and penalties

Charges and fees can a so be used asincentivesto encourage “ good behaviour” and to discourage
“bad behaviour”. For example, the price of disposal can be increased and the cost of materials
recovery subsidised to give people incentivesto source separate. In some instances, fines can be
used to discourage illegal dumping.

C2. STRUCTURING financing for waste management systems

Sound practice in financing waste management systems usually entails differing treatment of
fixed costs and variable costs. Fixed costs, which establish waste or materials collection,
processing, or disposal capacity, may be paid from general tax revenues. Therationalefor thisis
that there are benefits to all members of society for having the overall solid waste management
systemin place. Once societiesreach acertain level of sophistication, they may be ableto recover
a certain portion of fixed costs from commercialised collection, processing, and disposal
operations, and not rely solely on general tax revenues to fund these activities.

Variable costs can appropriately be paid from direct or indirect fees, thereby being linked to the
activities giving rise to the costs in the first place.

Onekey to devel oping sound cost recovery systemsistracking all costsaccurately. A surprising
number of municipal governments do not actually know thetotal costs of collection or disposal,
so they have no basis on which to set or defend fees. Establishing well functioning, transparent,
full-cost accounting systems should be a high priority wherever they do not yet exist.

C3. STRATEGIES for cost containment and enhanced efficiency

This section discusses some examples of practices that can result in improved financia
management and cost recovery.

C3.1. Privatisation

Pressures on government to reduce taxes, while increasing and improving levels of service, are
leading to an exploration of privatisation as an option for waste management functions.
Privatisation can take various forms. A government can award a contract to a private firm for
specified MSWM services; it can contract with a private firm to construct a waste management
facility, which the firm may subsequently own or operate; it can licenseaprivatefirmto carry out
MSWM activitiesand recover its costs directly from those served; or it can allow qualified firms
to participate in open competition.

Certain functions in municipal solid waste lend themselves well to being privatised, while in
other cases sound practice will aimost always involve government control and operation.

Privatisation tends to work well in the following areas:

e collection of waste or recyclables-- payment to the private contractor is based either on total
waste collected or on number of householdsin the service areg;

e construction of waste facilities;

e operation of transfer stations, compost facilities, incinerators, or landfillsunder contract to a
public-sector entity;
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e development of private waste facilities, once the price for landfilling has risen to a level
where other strategies become cost competitive; and

¢ incircumstanceswherethereissufficient government infrastructure to manage acompetitive
bidding process, to contract with the private firm, to monitor itswork, and to hold the private
firm accountable for adequate performance of tasks.

Privatisation does not usually work well:

e insmall or sparsely populated areas, since there usually isinsufficient earning potential due
to low waste volumes;

e whenthe government entity with jurisdiction istoo small or too politically weak to be ableto
manage the contracting processes effectively;

e when badly designed; for example, if thereislittle no monitoring and enforcement of contract
terms; or

e as asubstitute for government responsibility, such as if a private firm were to be hired to
monitor compliance with environmental regulations by other private firms.

C3.1.1. Importance of competition in privatisation

A key issuein privatisation of municipal solid waste management isthe role and management of
competition. Thisisparticularly important in devel oping countries, wherethe private sector, both
informal and formal, may not be sufficiently mature to offer effective competition.

Competition may improve aprivatised waste function. Competition promotes good performance
by private contractors, since their desire to maintain a contract is a powerful incentive for
performing well. Competition is healthy:

e at thetime of bidding or contract negotiation;

e to ensurethat the full range of servicesis available;

e whenitiswell managed through contracting, granting of concessions, or franchising; and
e to prevent formation of monopolies.

At the sametime, there are limitsto the effective use of competition in solid waste management.
Onesuch limit isin the collection of wastesfrom households-- “ unbridled” competition, though
avoiding monopoly, can drive up prices because of the high costs of numerous low-volume
operators. In such instances, using acompetitive processto select asingle operator for aperiod of
time may be a better alternative.

Itis, of course, advisable to introduce new approaches with care so that they do not unwittingly
kill off marginal, informal sector activities best viewed as complements to the formal waste
management system.

C3.2. Support for small-scale enterprises

Recognition of and support for small-scale and informal sector waste-related enterprises is a
significant element of sound practice, especially in devel oping countries, and to alesser extent in
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transition and industrialised countries as well. These businesses usually remove materials from
the waste stream, at low cost, saving the government money. Disruption of their operations can
increase the burden on public works and sanitation budgets significantly.

In recent years, a number of projects have attempted to gain official recognition for these
enterprises, to institutionalise their market niche, and to shelter their operations from disruption
during waste system upgrading and modernisation. This has been done by:

e awarding or arranging contracts between informal sector enterprises and the city or formal
private sector collection companies;

e Organising cooperatives;

e providing equipment, supplies, clothing, gloves, and shoes, or even vehicles, to improve
working conditions; and

e designing new waste facilities to include rather than exclude these operations.

Taking these and other steps to support small and informal enterprises generally improves
efficiency and cost effectiveness while supporting subsistence activities and an important
economic niche.

D. Other important issues and strategies
D1. UNDERSTANDING characteristics of waste generated

An important element in improving waste management systems is the need to attune chosen
technologiesto the character of the waste that is generated in a particular location. If wastesare
wet and dense, asthey arein most devel oping countries, buying compactor truckswill often bea
waste of money. If wastes have low calorific value, it will not be possible to incinerate them
without using supplementary fuel. If considerable amounts of toxic waste have entered the
general municipal solid waste (MSW) stream, leachate from dumps will be particularly
dangerous. On the other hand, if a portion of the waste stream consists of organics or can be
easily separated into organics and non-organics, composting may become a viable waste
management strategy.

D2. MAJOR differences between industrialised and devel oping countries

Onethemethat appears consistently throughout thisbook isthe enormously different conditions
in which industrialised and developing countries must work to solve MSWM problems.
Developing countries often have:

e low labour costs and extreme shortages of capital, which together call for low-tech solutions
to MSWM problems;

e awaste stream dominated by organic waste, which means that: a) incineration is difficult
unless undertaken in conjunction with aprogram that achi eves source separation of organics,
and b) composting is especially important if large amounts of waste are to be diverted from
landfills;

e acomplex informal sector that isvery active in the collection, separation, and recycling of
waste;
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e gignificant mixing of industrial hazardous wastes with MSW;

o few people who are adequately trained in solid waste management activities, and a high
proportion of the urban population with low levels of education; and

e inadequate physical infrastructure in urban areas, which makes collection of waste
particularly difficult.

At the same time, it should be recognised that there are also similarities between industrialised
and developing countries with regard to MSWM issues. In neither case does the public want
MSWM facilitiesnear residential areasand, in both cases, the amount of waste being generatedis
increasing. In both industrialised and developing countries, adopting an integrated approach to
waste management isimportant. Related to this, people throughout the world are recognising the
importance of waste reduction as the first stage of the waste management hierarchy and as an
essential element of MSWM. Methods of waste reduction are described in more detail in thelast
part of this chapter.

D3. IMPROVING management capabilities

In many instances, particularly in devel oping countries, the greatest impedimentsto efficient and
environmentally sound handling of MSWM issues are managerial, rather than technical.
Improving the operational and management capabilities of individualsand institutionsinvolved
iINnMSWM at thelocal level istherefore extremely important. For thisreason, thisbook considers
these issues in two of the topics addressed: management and planning, and training.

Even with new effortsto make funds available for MSWM activities, it is certain that funds will
at least appear to beinsufficient for the foreseeable future. Managers must therefore be attuned to
every opportunity to use their resources more efficiently.

D4. PUBLIC involvement

The public can play a role in promoting efficient, financially sound, technically competent
management of wasteissues by demanding accountability from the MSWM system. Althoughin
many countriesthe public haslong grown accustomed to having low expectations of government,
the pressing and very visible problems brought about by the absence of effective MSWM systems
may inspire stronger demands for good performance from public managers and any private
companies with whom they work.

Public education isimportant in achieving the goal of public involvement. Thisbook includesa
section on public education for each of the regions.

D5. SPECIAL wastes

Specia wastes are those types of solid waste that require special handling, treatment, and/or
disposal. The reasons for separate consideration include: 1) their characteristics and quantities
(either or both may render them difficult to manageif they are combined with “typical” municipal
solid waste); or 2) their presencewill or may pose asignificant danger to the health and safety of
workers and/or the public, to the environment, or both.

Some examples of special typesof wastesaregivenin Tablell-2. Thesewastesare very different
from each other, so they should be managed and handled separately if feasible. Typically, in
devel oping countries, special wastes are set out for collection, collected, and/or disposed along
with wastesfrom commercial businesses and residential generators. Ideally, these wastes should
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not enter the municipal solid waste stream, but quite frequently they do, particularly in
devel oping countries.

Tablel1-2. Examples of types of special wastes

Pathological or infectious medical waste from hospitals, clinics, and laboratories
“Hazardous’ waste in the household waste stream (e.g., oil-based paints, paint thinners,
wood preservatives, pesticides, household cleaners, used motor oil, antifreeze, batteries)
Discarded tires

Used oils

Electronic waste (e-waste)

Wet batteries

Construction and demolition debris

Municipal wastewater treatment (sewage) sludge, septage, and slaughterhouse wastes
Industrial hazardous waste, and some types of industrial solid waste (e.g., metal cuttings
from metal processors or cannery waste)

Special wastes can cause significant health and environmental impacts when managed
inadequately. Personsthat may comeinto direct contact with the wastes, such aswaste collectors
and scavengers, may be subject to significant health and safety riskswhen exposed to sometypes
of special wastes, e.g., industrial hazardous waste. Toxic components of these wastes can enter
the environment, for exampl e, poisoning surface and groundwater bodies. Hazardous wastes can
also degrade MSW equipment used to manage solid waste (e.g., collection vehicles), or the
performance of the equipment.

Specia wastes are discussed in this document because of the potential negative effect that they
can have on the MSWM system. Still, it is important to point out that this section only
superficially reviews the topic of special wastes. If the reader is involved in any part of the
management process for special wastes, further additional reference materials and training are
extremely important.

Proper management of special wastesisquitedifficult in most developing countries, particularly
in those countries where regular MSW is not managed adequately. Three issues are usually
alwaysrelevant: 1) the party or organisation responsible for managing special wastesis seldom
clearly identified and the necessary entity may not even bein existence; 2) availableresourcesto
manage solid waste are scant and priorities have to be set; and 3) the technology and trained
personnel needed to manage special wastes are seldom available.

In the absence of countervailing reasons, the devel opment of sound practicesin the management
of special wastes should follow theintegrated waste management hierarchy appliedin other areas
of MSWM, i.e., waste reduction, minimisation, resourcerecovery, recycling, trestment (including
incineration), and final disposal. As with the management of other types of MSW, the proper
application and programmatic emphasis of this hierarchy to special wastes depends on local
circumstances (e.g., availabletechnol ogies, waste quantities and properties, and available human
and financial resources).

Effective management of special wastes beginswith an assessment of their potential impacts on
human health and safety and on the environment. The environmental benefits of properly
handling hazardous wastes can be very large, since in some cases small quantities of hazardous
wastes can cause significant damage. However, even though all hazardous wastes present some
risks, the quantities are not always sufficient to warrant separate collection and disposal. As
points of reference, Organization for Economic Co-operation and Development (OECD)
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guidelines and US environmental regulations specify minimum quantities of material that need
special treatment as* hazardouswaste” . Obviously, specific decisionsregarding the management
of special wastes will necessarily depend on the capabilities of individual countriesto carry out
such programs.

A number of aternativesfor handling of special wastes have been or arein the process of being
devised in response to the various needs of developing and industrialised countries. These
practices are summarised in this section for the most frequently encountered special wastes.

D5.1. Medical waste

Medical waste is one of the most problematic types of wastesfor amunicipality or asolid waste
authority. When such wastes enter the M SW stream, pathogensin the wastes pose agreat hazard
to the environment and to those who come in contact with the wastes.

Wastes generated within health carefacilities have three main components: 1) common (general)
wastes (for example, administrative office waste, garden waste and kitchen waste); 2) pathogenic
or infectious wastes (these types also include “ sharps’); and 3) hazardous wastes (mainly those
originating in the laboratories containing toxic substances). The quantity of the first type of
general wastes tends to be much larger than that for the second and third types.

Segregation of medical waste types is recommended as a basic waste management practice, as
indicated in Table I1-3. However, thorough separation is possible only when there is significant
management commitment, in-depth and continuous training of personnel, and permanent
supervision to ensure that the prescribed practices are being followed. Otherwise, thereisaways
arisk that infectious and hazardous materials will enter the general MSW stream.

18



Tablell-3. Recommended methods for managing medical waste

Source separation ¢ |solates infectious and hazardous wastes from non-infectious and
within the health non-hazardous ones, through colour coding of bags or containers
care facility e Source separates and recycles the relatively large quantities of non-
infectious cardboard, paper, plastic, and metal
e Source separates compostable food and grounds the mgjor fraction of
organic wastes and directs them to a composting facility if available
e Includes and is characterised by thorough management monitoring
program
Take-back systems | ¢ Where vendors or manufacturers take back unused or out-of-date
medications for controlled disposal
Tight inventory e To avoid wastage due to expiration dates (a form of waste reduction)
control over
medi cations

Piggy-back systems
for nursing homes,
clinics, and doctors
offices

Can send respective wastes for treatment to proper health care waste
treatment facilities using health care waste collection and transport
systems located in the vicinity

Treatment of
infectious waste
through
incineration, or by
disinfection

Includes autoclaving, chemical reaction, microwaves, and irradiation
In the case of incineration, the processing may be performed within
the premises of the health care facility (onsite) or in a centralised
facility (offsite). Anincinerator is difficult and expensive to maintain,
so it should be installed in a health care facility only when the facility
has sufficient resources to properly manage the unit. Otherwise, a
centralised incinerator that provides services to health care facilities
in one region or city may be more appropriate. Regardless of
location, the incinerator must be equipped with the proper air
pollution control devices and operated and maintained properly, and
the ash must be disposed in a secure disposal site. In the case of
disinfection, residues from these processes should still be treated as
specia wastes, unless a detailed bacteriological analysisis carried
out.

Proper disposal of
hospital wastes

In many developing countries, none of the treatment systems
discussed in this table are widely available, so final disposal of
infectious and hazardous components of the wastes is necessary.
Since in many devel oping countries there are no landfills specifically
designed to receive specia wastes, infectious and hazardous health
care wastes normally are disposed at the local MSW landfill or dump.
In this case, close supervision of the disposal processis critical in
order to avoid exposure of scavengers to the waste. Final disposal
should preferably be conducted in a cell or an area specialy
designated for that purpose. The health care waste should be covered
with alayer of lime and at least 50 cm of soil. When no other
aternative is available for final disposal, health care wastes may be
disposed jointly with regular MSW waste. In this case, however, the
health care wastes should be covered immediately by a 1 m thickness
of ordinary MSW and always be placed more than 2 m from the edge
of the deposited waste.

19




D5.2. Household hazardous waste

Households generate small quantities of hazardous wastes such as oil-based paints, paint thinners,
wood preservatives, pesticides, insecticides, household cleaners, used motor oil, antifreeze, and
batteries. Examples of such wastesare shownin Figurell-1. It has been estimated that household
hazardouswaste in industrialised countries such asthe United States accountsfor atotal of about
0.5% (by weight) of all waste generated at home [1]. In most developing countries, the
percentage probably is even lower.

Courtesy: CalRecovery, Inc.

Figurell-1. Examples of household hazar dous wastes

There are no specific, cost-effective, sound practices that can be recommended for the
management of household hazardous wastesin devel oping countries. Rather, since concentrated
hazardous wastes tend to create more of a hazard, it is best to dispose of household hazardous
wastes jointly with the MSW stream in alandfill, where the biological processestend to exert a
fixating effect on small amounts of toxic metals, while other toxic substances are diluted by the
presence of MSW or are broken down into less toxic intermediates during the process of
decomposition in thefill.

When resources are available (typicaly in industrialised countries), appropriate methods and
necessary conditions for separation of household hazardous wastes from the rest of the MSW
stream include those given in Table I1-4.

D5.3. Used tires

The management of used tires poses a potential problem for even the more modern MSWM
systems, for reasons related both to the tires physical properties and their shape. Tires are
composed primarily of complex natural and synthetic rubber compounds, both of which have
substantial heating value, and various other materials. The recovery of rubber from used tires can
be very energy-intensive, and such processing may generate hazardous substances and other

20



types of processresidues. Illegal stockpilesof used tires can create substantial land use problems,
harm the environment, and serve as breeding grounds for insects and other small animal's that
harbour pathogensthat are detrimental to human health. Stockpiles can self-ignite and causefires
that are very difficult to control, resulting in negative human health and environmental impacts.

Tablell-4. Methods and conditionsfor promoting the separ ation of household
hazar dous wastes (HHW) in industrialised countries

e The priority waste streams for separation are identified with reference to the damage that
they may cause when released into the environment, and with reference to the type of
disposal that would be available if the waste were not separated. For example, the
separate collection of mercury-based batteries might be a priority if the primary means of
waste disposal was incineration, a processill suited to ease of control of mercury
emissions.

¢ Frequent public education and convenient collection service are required for successful
HHW source-separation programs.

¢ Notification at the point of purchase, or on the packaging, that certain consumer items
contain dangerous or hazardous materials necessitating special handling and disposal
practices.

e Utilisation of point-of-purchase take-back systems for those items that can be collected
using such systems, such as used batteries, discarded medicines, and used ail.

e Emphasis placed at the policy and program levels on redesigning consumer products to
make them less dangerous or hazardous (such as reducing or eliminating the mercury
content in batteries).

e Personnel handling HHW must receive initial and subsequent training, but do not
necessarily have to be licensed or trained chemical technicians.

When whole tires are disposed in a landfill, they often rise to the top and make it difficult to
maintain the soil cover over the wastes. When dumped illegally, tires can become breeding
grounds for mosquitoes and other forms of life that can spread disease, such as dengue. Some
appropriate methods of managing used tires are described in Table 11-5. The informal sector
oftentimes serves as a means to reuse or recycle used tires.

D5.4. Used oil

Used oils are generated primarily in gas stations and in mechanics' shops. These oils generally
are discharged in the most convenient location and frequently enter the sewage system, causing
problems in the treatment plants or in the receiving bodies of water. When oail is collected
haphazardly as part of the MSW stream, it causes problems at the landfill and often becomes part
of the landfill leachate. Some recommended methods of managing used oils are described in
Tablel1-6.
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Tablell-5. Appropriate methods for managing used tires

e Reuse through retreading for extended service; shredding and grinding for usein road
paving material; and cutting them up for use as padding in playgrounds and buffers on
raillway tracks. It should be noted that processing of tire materials must be conducted
under controlled conditions, as it generates dust and buffings, which may be carcinogenic
to workers and are potentially dangerous when rel eased.

e Thermal destruction in cement kilnswith subsequent energy recovery. This process
requires cement kilns, adapted to receive solid fuels. Thisform of final disposal of tires
has been shown to be practical in both industrialised and developing countries.

e Processingin pyrolytic reactors. Emissions control systems are critical as organic
vapours are generated. As aresult, the process can be relatively expensive and will
usually become cost effective only when the accumulation of tires becomes a hazard due
to potential fires or expensive due to conflicting land use.

Table I1-6. Some methods of managing used oil

e Rerefininginto lubricating oil. Processing used oil for reuse as a lubricating agent isa
good method of managing used oil. However, one potential hazard associated with such
processing is that the residues from re-refining may be deposited in the MSW stream or
in drains. Education must utilised to explain the problems caused by this casual, improper
method of disposal. Ideally, residues should be burned in a cement kiln equipped with the
proper type of pollution control systems. When thisis not possible, residues should be
placed in sealed containers and placed in a special area at the landfill disposal site.

e Useasafued. Used oil has considerable value as afuel due it its high specific energy
content. However, combustion of used oil can result in emissions of heavy metalsinto the
environment if the combustion system lacks suitable environmental control equipment.
When used oil is serves as a cement kiln fuel, an added measure of pollution control is
achieved by virtue of the fact that the heavy metals present in the oil are absorbed into
the cement matrix.

D5.5. Electronic waste (e-waste)

During the last few years, there has been a substantial reduction in the cost and acommensurate
increase in the availability and usage of a variety of electronic products. Although the list of
relatively new productsislong, some of the most common productsinclude personal computers,
printers, monitors, television sets, and cellular telephones. As the usage of these and similar
products increases, a large number of them are replaced and disposed each year. Improper
treatment and unsafe final disposition of these materials hasresulted in several problems, which
have far reaching implications. One key problem is that related to the fact that most electronic
products contain several types of hazardous material's, such asmercury, arsenic, lead, cadmium,
and others. If the electronic products are improperly treated or discarded along with the general
municipal solid waste, the hazardous materials in the products can be released and result in
negative impacts to the public health and to the environment.

One practical solution to the management of e-waste involvestheimplementation of segregated
collection and adequate processing. Current methods for the treatment of e-products include
mechanical and chemical processing of the products for the recovery of valuable materials and
the removal and/or reduction of the toxicity of the residue.
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D5.6. Wet batteries

Used wet batteries are typically generated by car maintenance facilities and vehicle battery
suppliers. Thistype of battery containsacid and lead, both of which are hazardousto humansand
to the environment if not properly managed. Environmentally acceptable processing of wet
batteriesfor materialsrecovery requirestrained and experienced facility personnel. Recycling of
batteries typically involves draining and neutralisation of the acidic liquid, and recovery of the
lead in a non-ferrous foundry.

D5.7. Construction and demolition debris

Construction and demoalition (C& D) debris are generated regularly in urban areas as aresult of
new construction, demolition of old structures and roadways, and regular maintenance of
buildings. These wastes contain cement, bricks, asphalt, wood, metals, and other construction
materials that are typically inert. In many cases, the biological inertness of C&D debris means
that it can be disposed inlandfillswith lesser restrictionsthan those required for MSW, which has
substantially higher biodegradable content and potential for polluting the environment. However,
it must be pointed out that C& D debris may contain some hazardous materials, such as asbestos
and PCBs, although this circumstance is most probable in the case of industrialised countries.
Very large volumes of demolition waste are generated during natural disasters (earthquakes,
floods, typhoons, and others) and during wars.

City authorities need to protect against disposal of these wastesin the streetsand on vacant lands,
since these locations can become illegal, uncontrolled dumps with their attendant negative
consequences. On the other hand, disposal of C& D debrisin MSW landfills can be costly and a
poor use of landfill capacity. Thus, other aternativesto disposal of C& D may be warranted and
should be considered in any event. Processing and recycling, as shown in Figure 11-2, are
aternatives.

Courtesy: CalRecovery, Inc.

Figurell-2. Storage of construction and demolition debris at a processing facility
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Sound practices for the management of C&D wastes are based on the concept of prevention,
reuse, and recycling of waste. When these practices cannot be implemented, proper disposal must
be considered. Since these wastes are primarily inert or they can be processed to be so in some
cases, they can be used for fill, for examplein former quarries, asroad base, or in coastal cities,
to gain land at the ocean front or for the construction of levees. Some sound practices for
diverting C&D debris from landfill disposal are described in Table11-7.

Specia landfill sitesfor thefinal disposition of construction and demolition landfill sitesarealso
an option. Siting of these landfills is less difficult than for regular MSW landfills since the
potential environmental impact in the mgjority of casesisrelatively small.

Tablell-7. Sound practicesfor diverting construction and demolition debrisfrom
landfill disposal

e Waste prevention can be promoted through inventory control and return allowances
for construction material. This ensures that unused materials will not get disposed of
unnecessarily.

e Selective demolition. This practice involves dismantling, often for recovery, of selected
parts of buildings and roadways before the main demolition (wrecking) processis
initiated.

e Onsite separation systems, using multiple smaller containers at a construction or
demolition site to store sorted recyclable materials, as opposed to gross disposal of mixed
materialsin using a single roll-off or compactor.

e Crushing, milling, grinding, and reuse of secondary stone, asphalt, and concrete
materials. These materials can be processed to conform to a number of standards for
construction materials. Recovery and reuse of these types of materialsisfacilitated by the
existence of approved specifications for road construction materials and by governmental
procurement policies that promote or stimulate purchase of recyclable materials.

D5.8. Bulky metallic waste

Bulky metallic waste is composed of metallic objects that occupy large volumes (e.g., greater
than 1 or 2 m®) and are composed of high-density material, either when encountered singularly or
in combination. Examples of bulky metallic waste are old vehicle bodies, structural steel, large
metallic appliances, and discarded fabricating equipment. The most prevalent material of
construction for bulky metallic waste is steel, although other types, such asauminium, are also
encountered to a lesser extent. This type of waste is considered a special waste because it is
difficult to handle, process, and dispose using the more common and conventional municipal
solid waste management equipment. Special, large-capacity equipment is normally required to
collect, process, and dispose of bulky metallic waste. Also, much of bulky metallic waste is
potentially recyclable. However, the feasibility of recycling is a function of the costs of
processing, availability of markets, transportation costs, etc. An example of bulky metallic waste
isgivenin Figure I1-3.

Management of bulky metallic waste is a particularly difficult problem for rural and isolated
communities (e.g., remote islands) because of limited space for storage and/or disposal, limited
financial resources, and long distances to recycling markets.

D5.9. Municipal wastewater treatment (sewage) sludge, septage, and slaughterhouse wastes

Municipal wastewater treatment (MWWT) sewage sludge (biosolids) is generated as a
consequence of processing municipal wastewater for safe discharge to the environment. The
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sludgeis composed of the semi-solid or solid residues remaining after processing of wastewater.
Septage, on the other hand, is the material pumped from septic tanks serving residences. Both
MWWT sludges and septage contain large quantities of pathogenic organisms, and they often
contain chemical contaminants, as well, if liquid discharges at the source are not pre-treated
beforedisposal into the sewer. These materials, therefore, require proper treatment and disposal .

Courtesy: CalRecovery, Inc.
Figurell-3. Bulky metallic waste being loaded for transport to market

Slaughterhouse wastes can be used to produce ingredientsin the manufacture of soil amendment,
animal feed, and glues. The traditional methods of sun-drying, breaking up bones manually,
composting in pits (sometimes with the addition of household organics), and steam digestion
carry various types of health risks, and cannot be considered acceptable practices.

Small-scal e aerobic composting of animal wastes, including manures, hide scrapings, and tannery
and s aughterhouse wastes, can al so produce a soil amendment, but carries somerisksin terms of
spreading pathogens if the wastes are not properly sterilised. All of these activities generate
leachate and the associated unpleasant odours, and are typically associated with poor working
conditions and risks to worker health, but may be profitable and provide subsistence income.
Appropriate methods of management of these types of materials could involve introducing
technical and health improvements, rather than entirely eliminating the activities themselves.
Other appropriate methods of management are described in Table 11-8.

D5.10. Industrial waste

The collection of industrial waste typically isnot under the jurisdiction of municipal authorities
in industrialised countries. However, in developing countries, where proper industrial waste
management systems are not in place, such waste often enters the MSW municipal solid waste
stream.
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Waste generated from industrial sources can have non-hazardous and hazardous components,
with non-hazardous waste usually representing the greater part of the volume. The hazardous
component of thiswaste, while generally being relatively small in volume, can pose significant
environmental and public health problems.

Tablell-8. Practicesfor reducing and handling sewage sludge and septage

e Preventing the generation of large volumes of sludge, through separation of sewers
and storm drainage systems.

e Minimisation of reliance on centralised sewage systems, through the installation of
onsite treatment of human waste and household wash water, when feasible.

e Land application, but only when very frequent sludge testing shows that metal, salt,
nitrogen, etc. contents are within tolerable limits, and when the administering authority
has the resources and commitment to maintain high standards for monitoring and testing.
In practice, thiswill mean that in many situations the safety of land application is
questionable as a viable and appropriate method of management.

e Treatment such asdrying, liming, composting, or co-composting with yard waste or
organics, followed by land application. These methods are designed to return the organic
matter in the waste to the land. Asindicated above, however, certain constituents of the
sludge can make land application inadvisable.

e De-watering and disposing in landfills. It isimportant to note that sludges should be
de-watered as much as practical before entering a landfill in order to avoid the production
of large volumes of leachate.

Appropriate methods for the proper management of hazardous industrial wastes vary
substantially, depending on the specific quantities and characteristics of the waste, cost of
management, local regulations, and other factors. The planning and design of methods and
facilitiesfor managing industrial hazardous waste are beyond the scope of this publication. The
Bibliography, however, includes auseful work by Batstone, et a., which can be used asageneral
reference. In any case, best waste management practices incorporate separation of hazardous
industrial waste from MSW. In those cases where municipal authorities are forced to provide a
temporary solution for the disposal of hazardous waste, specialy designed cells should be
provided within the municipal landfill. These cells must be isolated so that scavengers cannot
come into contact with the hazardous waste.

D6. WASTE reduction

Thelogical starting point for the proper management of solid waste is to reduce the amounts of
waste that must be managed, either informally managed within the generator’ s site or formally
(externally) managed by another entity once the waste is discarded by the generator. Thus, the
reduced waste quantities do not have to be collected or otherwise managed.

Asused in thisdocument, theterm “waste reduction” meansreduction, or inthelimit, prevention,
of waste at the source or potential of generation. Waste reduction includes reuse of wasteswithin
agenerator’ ssite or related sites (e.g., reuse of industrial scrap in the manufacture of products),
or reuse of materials in essentially their current form by a similar group (e.g., reuse of
secondhand clothes). Waste reduction includes reduction in quantities or in toxicity of waste.
Methods of waste reduction include preventing the generation of waste in the first place.

Reduction of wasteisaprimary element of solid waste management hierarchies, promoted by a
number of international, regional, and national agencies or organisations. A number of
economically devel oping countries have solid waste management hierarchiesthat list reduction of
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waste as the highest priority among the generic methods to manage solid waste (other generic
methods include, but are not limited to, recycling and land disposal). Thishierarchy followsthat
enumerated in Agenda 21, the agreement reached among participating nations at the United
Nations Conference on Environment and Development in Rio de Janeiro in 1992. In particular,
Chapter 21 of Agenda 21 emphasised that reducing wastes and maximising environmentally
sound waste reuse and recycling should be the first steps in waste management. At the World
Summit on Sustainable Development held in Johannesburg in 2002, these principles of Agenda
21 were reaffirmed. Additionally, the Summit advocated an increased urgency and effort to
accel erate implement the principles.

D6.1. Importance of waste reduction

In affluent countries, the main motivations for waste reduction are frequently related to the high
cost and scarcity of suitable sites associated with the establishment of new landfills, and the
environmental degradation caused by toxic materials in the deposited wastes. The same
considerations apply to: 1) large metropolitan areas in developing countries that generally are
surrounded by other populous jurisdictions, and 2) isolated, small communities (such asisland
communities). However, any areas that currently do not have significant difficulties associated
with thefinal dispositions of their wastes disposal pressures can still derive significant benefits
from encouraging waste reduction. Their solid waste management departments, aready
overburdened, areill-equipped to spend morefunds and efforts on the greater quantities of wastes
that will inevitably be produced, if not otherwise controlled, as consumption levelsrise and urban
wastes change.

D6.2. Key concepts in municipal waste reduction

Action for waste reduction can take place at both the national and local levels. At the national
level, some strategies for waste reduction include:

e redesign of products or packaging;

e promotion of consumer awareness; and

e promotion of producer responsibility for post-consumer wastes.

At thelocal level, the main means of reducing waste are:

e diversion of materials from the waste stream through source separation and trading;
e recovery of materials from mixed waste;

e pressure on national or regional governments for legislation on redesigning packaging or
products; and

e support of home composting, either centralised or small-scale.
D6.3. Building on what is working

Asexplained in thefollowing paragraphs, peoplein many devel oping countries already carry out
significant waste reduction practices. In designing strategiesfor further waste reduction, thefirst
principle should beto build on what exists and appearsto beworking. In general, sound practices
for the majority of cities and towns in the developing world rest upon:
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o facilitating the existing private sector (formal and informal) in waste reduction where current
practices are acceptabl e, and ameliorating problems encountered by all relevant stakeholders
through access to capacity-building, financing, and education; and

e designing such assistanceto beanintegral component of the strategic plan for municipal solid
waste management.

Developing afeasible strategic plan requires an understanding and assessment of local practices
in waste reduction, waste recovery, and recycling.

D7. SYSTEMS of waste reduction
D7.1. Industrialised countries

Perhaps in no field of municipal solid waste management are the differences between the
industrialised countries and the developing countries so apparent as in waste reduction and
materials recovery. Rising overall living standards and the advent of mass production have
reduced marketsfor many used materialsand goodsin the affluent countrieswhereas, in most of
the economically developing countries, traditional |abour-intensive practices of repair, reuse,
waste trading, and recycling have endured. Thus, thereisalarge potential for waste reductionin
economically developing countries, and the recovery of synthetic or processed materialsis now
being emphasised. Public or consumer financing of the full range of initiatives for waste
reduction (from changes in manufacturing and packaging, to waste reduction audits to identify
waste reduction opportunities) are practiced by severa affluent industrialised countries.

One of the main motivations, from the point of view of municipal authorities, is to reduce
materials that must be collected and deposited in landfills. At the national level, under the
concept of producer responsibility, governments have created agreements and legal frameworks
designed to reduce the generation of waste. For instance, industry is given responsibility for
achieving certain levels of packaging reduction goals of acertain percentage withinagiventime
period.

D7.2. Developing countries

In many developing countries, waste reduction occurs naturally as matter of normal practice
because of the high value placed on material resources by the people, as well as other factors.
Consequently, reuse of avariety of materialsisprevalent. The motivationsfor materialsreusein
developing countries include: scarcity or expense of virgin materials; the level of absolute
poverty; the availability of workers who will accept minimal wages; the frugal values of even
relatively well-to-do households; and the large markets for used goods and products made from
recycled plastics and metals. Wastes that would be uneconomical to recycle or of no use in
affluent societies have a value in developing countries (e.g., coconut shells and dung used as
fuel). If onetakesinto account the use of compost from dumpssitesaswell asmaterialsrecovery,
in countries like India, Vietham, and China, the majority of municipal wastes of al kinds are
ultimately utilised.

Waste reduction that could be achieved by legislation and protocols (such as agreements to
change packaging) is not, at present, a high priority in these countries, although some are now
moving in this direction. Because unskilled labour costs are low and there is a high demand for
manufactured materials, manufacturers can readily use leftovers asfeedstock or engagein waste
exchange. Residualsand old machines are sold to less advanced, smaller industries. Public health
isbenefiting from plastic and boxboard packaging that reduces contamination of foods, and much
of the superior packaging is recovered and recycled.
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In officesand institutions, cleaners and caretakers organise the sale of paper, plastics, etc. At the
household level, giftsof clothesand goodsto relatives, charities, and servantsare till significant
in waste reduction. All cities and towns have markets for used goods. However, the greatest
amount of materials recovery is achieved through networks of itinerant buyers, small- and
medium-sized dealers, and wholesaling brokers. The extent to which the waste trading enterprises
are registered (“formalised”) variesin developing regions: in Latin Americaand Asia, thereis
more formal registration than in Africa. The system is adaptive to market fluctuations, as the
lowest level workers form a dispensable [abour cushion: they must find other work, if they can,
when there is reduced demand for the materials that they sell.

From the point of view of waste reduction, the traditional practices of repair and reuse, and the
sale, barter, or gift-giving of used goods and surplus materials are an advantage to the poorer
countries. Quantities of inorganic post-consumer wastes entering the MSW stream would be
higher if these forms of waste reduction did not exist.

D8. PRIORITIES for cities of developing countries

The hierarchy advocated in many industrial countries with high standards of living (with waste
reduction given highest priority) may not be appropriate for most communities of less devel oped
countries. Rather, the first priority in most cases should rest with identifying methods to divert
organicsfrom entering the municipal solid waste stream, which then requires organised collection
and other forms of management. Thereason isthat organicsare usually the largest component of
MSW and the greatest reduction in wastes for collection and disposal can be achieved by
diverting this component of the waste stream.

Due to lack of development of manufacturing capacity in most developing countries, waste
reduction in that sector is not as important as it is in industrialised countries. Nevertheless,
developing countries need to be aert to the growth of wasteful practices that may result from
modern industrial processes and new modes of consumption. With reference to the latter, for
instance, increased usage of and reliance upon thin plastic film for packaging can lead to
increased littering of thismaterial, which, if not controlled, can eventually clog surface drainage
systems and polluterivers and other bodies of water. Implementing legislation and incentives at
the national level isone potential means of properly dealing with materialsthat may pose special
problemsrelated to management of litter and to adverse environmental consequences of disposal.

E. Summary

The range of issues to be considered in designing a well functioning MSWM system can be
overwhelming, even to plannerswho have considerabl e resources available. In most of theworld,
where such resources and expertise are scarce, MSWM issues are even harder to resolve.
MSWM, despiteits prominent position as an urban problem, is not the only problem competing
for the attention of urban managers. Its low status as a field of work has meant that MSWM
issues often receive | ess attention than other urban problems.

The keys to making progressin thisfield lie in these areas:

e responsibleplanning and design of anintegrated MSWM system, which worksto reduce the
quantity of waste generated and to handle waste in acoordinated fashion. Essentia to thisis
understanding the nature of the wastes generated.

e adoption of new strategies for revenue generation that move away from sole reliance on a

government-owned and -operated MSWM system. In many cases, a balanced mix of public
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and private systems can lead to awaste management system that ismore flexible and efficient
than awholly publicly-owned and operated system.

e incorporation of small-scale enterprises and the informal sector into the MSWM system; and

e installation of asystem of accountability and responsibility at the local level. Residents and
businesses can be motivated to act responsibly in MSWM issues. But, most importantly,
accountability entails significantly improving the training and capabilities of the managers
and planners responsible for the MSWM system.

F. Reference
1. CaRecovery, Inc., Characterization and Impacts of Nonregulated Hazar dous Waste in the

Solid Waste of King County, prepared for Puget Sound Council of Governments, Seattle,
Washington, USA, December 1985.
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CHAPTER I11. WASTE QUANTITIESAND CHARACTERISTICS

A. Introduction

Therange of the numerical valuespresentedin Chapter | (Tablel-1) illustratesthe wide variation
that can be expected to exist between countries with respect to the quantity and composition of
waste generated. On the other hand, careful scrutiny of the data indicates that despite the
variation, three general trendsdo exist. Thefirst trendisin quantities. It suggeststhat increasesin
per capitawaste generation parallel increases in degree of economic development. The second
trend concerns the concentration of paper in the waste stream. According to the data, the
development of acountry isclosely accompanied by an increase in the concentration of paper in
the waste. The third, and perhaps the most important, trend concerns biological solid waste and
relates to the quantity of putrescible matter and ash. According to the data in Table I-1, the
amounts of putrescible materials and ash in MSW generally decrease as the development of a
country advances.

Thevariation and trendsin quantity, composition, and other characteristics of urban waste are not
confined to the national level. Indeed, they persist even at the community level. The persistence
is due to the fact that the characteristics of the waste stream are affected by an array of factors.
Ranking high among these factors are degree of industrialisation, extent and nature of
socioeconomic development, and the climate.

Both short-term (e.g., seasonal) and long-term (e.g., 5-year periods) variationsin characteristics
occur in the case of solid waste; thus, the need for measurements. Two examples of long-term
and significant changes in the composition and bulk density of the waste stream of the United
Kingdom (UK) areillustratedin Figures|11-1and 111-2, respectively. Thehistorical trends shown
for the UK are similar to those of many economically developing countries, except shifted
forward in time by 40 to 60 years.
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Source; Reference 14.

Figurelll-1. Historical changesin M SW composition in the United Kingdom
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Source: Reference 14.
Figurelll-2. Historical changesin M SW bulk density in the United Kingdom

Despite the obvious fact that a thorough understanding of the characteristics of the waste is
requisite to making rational decisionsin solid waste management, it remainsaprevalent practice
to pay little heed to conducting a comprehensive and accurate survey of quantity and
composition. Instead, reliance is had on some inaccurate method, especially the traffic count.
Although traffic counts, if coupled with estimates of volume, may give an indication of the
guantities being disposed; strictly speaking, they serveto ascertain solely that whichisimplied by
the term -- namely, the number of vehicles entering the disposal site.

Rigorous, scientifically performed studies of waste quantities and characteristics are required to
proper design, operate, and monitor solid waste management systems.

Thischapter isconcerned primarily with describing important waste characterisation parameters,
and methods of determining them, so that designers can have a firm foundation to plan and
implement waste management systems. The parameters and methods of determination are
described in the following sections.

B. Quantities and composition

Quantity and composition surveys have an essential rolein determining the dimensionsof the key
elementsin solid waste management. A list of such elementswould certainly include method and
type of storage, type and frequency of collection, crew size, method of disposal, and degree of
resource recovery. The utility of the surveys extends not only to the evaluation of present
conditions, but also to the prediction of future trends. Consequently, frequent and ongoing
surveys are the mainstays of a successful solid waste management program.

Surveyseither of quantity or of composition must takeinto consideration scavenging andillegal
dumping.

B1l. PROCEDURES
B1.1. Quantities

Several methods are available for determining the quantity of wastes that require disposal. The
accuracy of the results depends upon the method followed.
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Perhaps the only means of arriving at an accurate estimate of the quantity of wastesis one that
involves weighing each vehicle and itsload of wastes asit entersthe disposal site. The approach
involvesthe use of aweighing scale sufficiently large to accommodate vehicles of al sizesthat
cometothesite. Several types of scales can be used. For example, the scales may be permanently
installed, or aportable version may be used. The authors have not encountered difficultiesin the
use of portable scales. The portable scales are equipped with load cells that can be powered by
either direct or alternating current. Of course, tareweight (weight of the empty vehicle) also must
be determined. An exampl e of acollection vehicle being weighed using aset of portable scalesis
shown in Figure I11-3. A sample data sheet for aweight survey is presented in Figure 111-4.

CoUrtesy: CalRecovery, Inc.

Figurelll-3. Collection vehicle being weighed on a set of portable scales

To account for changes due to seasonal or other temporal factors, the weight survey should be
conducted for aminimum two-week period, at either two or four interval s distributed throughout
the year.

If circumstances make it unfeasible to weigh every loaded refuse vehicle, then recourse can be
had to a procedure that entails the weighing of afew randomly selected incoming vehicles. To
arrive at the total input, the sample weights are multiplied by the number of loads per day.
Although results obtained by such a modified weight survey may be less accurate than those
obtained by weighing each vehicle, they are better than those obtained without recourse to any
actual weighings.

The third and final method to be described herein is the least accurate of the three in terms of
results obtained. It involves the collection of the following data: 1) average density of waste,
2) number of loads collected per day, and 3) average volume per load. The latter quantity is
obtained by measuring the vehicle body. The total daily weight is the product of all three, i.e.,
density, volume, and number of loads per day. For example, if the density is 300 kg/m®, the
average vehiclevolumeis4 m®, and the total number of loads per day is 100, then thetotal daily
input to the disposal siteis 120 Mg.
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At times, the degree of the accuracy required may be beyond that attainable with any one of the
three preceding methods. I nstances in which such ahigh degree of accuracy would be anecessity
are the determination of the extent of storage needs, the required capacity of atransfer station, or
the potential for resource recovery. The deficiency as far as the three cited instances are
concerned arisesfrom the fact that the methods are based only on those wastesthat are brought to
arecognised disposal site. They do not take into account the wastes disposed el sewhere.

[Generator Weight/Volume Self-Haul Wastes
Self-Haul Vehicles Waste
Categories
Resi- | Com- [Indus-| Gross | Tare | Ca- | Vol- |Pickup| Other | Auto- | Hand- | Other | Yard |[C&D¥Other®
dential| mer- | trial | Weight | Weight |pacitylumeof| Truck | Truck | mobile | cart Waste
cial ko) | (ko) | of |[waste

Vehi-| (%)

cle

(m®)
|Recorded by: Date:

& C&D = Construction and demolition debris.
b «Other” - describe.

Figurelll-4. Sample data sheet for a weight survey

A means of determining the real total generation, i.e., wastes brought to the disposal site plus
wastes destined for disposal elsewhere, is to multiply the per capita rate of generation (e.g.,
kg/cap/day) by the number of individuals in the generation area (e.g., community, nation). A
difficulty with thisapproach isthat any attempt to reach atruly representative number for the per
capita generation rate would be beset with many difficulties. Obviously, it would be physically
and economically unfeasible to measure each individual's output even in a small, highly
organised community. Consequently, resort must be had to sampling at the generation source.

Rather than attempt to carry on such asampling program on alarge scale, intermsof practicality
and economic feasibility, it isbetter to set up amodest program in which special sampling areas
are selected and defined. In setting up areas, care should be taken that all socioeconomic groups
arerepresented. Each participating household in the sampling areais provided with acontainer of
some sort, perhaps aplastic bag, in which the day's output of wastesis placed, asshownin Figure
[11-5. Each day, the containers are collected and tagged by the agency making the study and are
transported to acentral point to be weighed, and the weights and other information (e.g., number
of individuals in the household, socia status) are recorded. Idedlly, the containers should be
collected daily and the participant be supplied with anew (i.e., empty) container only when the
filled oneiscollected, asshowninFigures111-6, I11-7, and 111-8. Samples should be collected for
at least a 10-day period.
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Figurelll-5. Distribution of plastic bags for waste characterisation program

Courtesy: Alternativa
Figurelll-6. Collection of bags
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Courtesy: Alternativa Courtesy: CalRecovery, Inc.

Figurelll-7. Determination of total Figurelll-8. Bagsused to determine
weights guantity of waste generated

To ensure full cooperation, the sampling program and the rationale behind it should be fully
explained to the participants. Anindividual best qualified for such atask would bealocal social
worker.

By reconciling the numbers obtained from aweight survey at the disposal site with those based
on per capitageneration as determined through sampling, it is possibleto arrive at an estimate of
total waste generation that is sufficiently accurate to meet most needs, whether they befor facility
and equipment design or for waste management planning. Table I11-1 presents estimated
quantities of waste collected (expressed in kg/cap/day) in various cities.

B1.2. Composition

A full knowledge of the composition of the wastes is an essential element in: 1) the selection of
thetype of storage and transport most appropriate to agiven situation, 2) the determination of the
potential for resource recovery, 3) the choice of a suitable method of disposal, and 4) the
determination of the environmental impact exerted by thewastesif they areimproperly managed.

A reasonably realistic estimate of the composition of a community's waste output requires an
analytical period of two weeks' duration, repeated two to four times per year. During the two
weeks, samples are taken from the collection vehicles at the disposal site. All types of municipal
wastes should be sampled, i.e., residential, commercial (officesand markets), and light industrial .
Theratio of the number of samples of each type of waste to the total number of samples should
be the same as that of the quantities of each type to the total quantity disposed. For example, if
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the output of residential waste is ten times greater than the combined commercial and light
industrial wastes, then the number of samples of residential wastes should beten timesthat of the
other two combined.

Tablelll-1. Estimated quantity of waste collected
in various cities and countries

L ocation Estimated Quantity
(kg/cap/day)®

India 0.3t00.55
Bolivia 0.3t0 0.6
Guatemala City, Guatemala 0.3t00.6
Lima, Peru 0.3t00.8
Philippines 04
Asuncion, Paraguay 0.46
Malaysia 0.5
Uruguay 0.5t00.9
Tegucigalpa, Honduras 0.52
Rio de Janeiro, Brazil 0.54
Jakarta, Indonesia 0.6
Buenos Aires, Argentina 0.6t01.0
Mexico DF, Mexico 0.68
San Salvador, El Salvador 0.68
San Josg, CostaRica 0.73
Papua, New Guinea 0.8
Santiago, Chile 09tol.2
Caracas, Venezuela 0.91
Fiji 0.91
Japan 0.91
Singapore 1.0
Vienna, Austria 1.18
Antigua 1.25
Guam 135
Paris, France 1.43
Hong Kong 1.68
Australia 1.87
Seoul, Korea 2.0
New Zealand 2.0

Sources. References 9-11, 15, 16.
& Ranges indicate data collected from different cities in the country or from different sectors
inacity.

Regarding sample size, the minimum weight per sample should be on the order of 100 kg. If the
sample sizeistoo small, the possibility of obtaining arepresentative sampleislessened. On the
other hand, accuracy isnot improved sufficiently to warrant taking samples greater than 100kgin
size[1].

To reduce the magnitude of errors arising from moisture change and from decomposition,
analysis of the samples should be begun within two to three hours after collection.

A sample data sheet developed for the conduct of compositional studiesin the United Statesis
shown in Figure I11-9. Because the data sheet shown in thefigureisvery comprehensive, it may
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be modified as needed. Indeed, in some countries, it may not be necessary to sort the refuse into
every category showninthefigure. For example, mixed paper, newspaper, and cardboard can be
combined under the single category of paper. To carry out the analysis, the wastesin the samples
are sorted according to the categorieslisted in the sel ected data sheet. In the sorting process, each
type of wasteis placed in its appropriate container (see Figure I11-10). At the completion of the
sorting, each container and its contents are weighed (gross weight). Gross and tare (empty
container) weights should be recorded. The difference between the two weightsisthe net weight
of the individual components.

Sample # I Start Weight I Date I Recorded by
CATEGORY Gross Container Type/Tare] CATEGORY Gross Container

W eight Weight | Type/Tare
Paper Other Organic

(a) Corrugated/Paper Bags

() Food

(1) Uncoated Corrugated

(b) Yard/Landscape

(2) Coated Corrugated

(1) Leaves/Grass

(3) Brown Paper Bags

(2) Prunings/Trimmings

(b) Newspaper (3) Branches/Stumps
(c) Office Paper (c) Ag. Crop Residues
(1) White Ledger (d) Manures

(2) Coloured Ledger (e) Wood

(3) Computer Paper (f) Textiles

(4) Other Office Paper (9) Tires

(d) Mixed Paper

(h) Remainder/Composite

(1) Magazines/Catalogues

Other Inorganic

(2) Phone Books/Directories (8 Inerts

(3) Other Mixed Paper (1) Rock

(e) Remainder/Composite (2) Concrete
Glass (3) Brick

(@) Clear Bottles/Containers (4) Soil & Fines
(b) Coloured Bottles/Containers (5) Asphalt

(1) Green Bottles/Containers

(6) Gypsum Board

(2) Brown Bottles/Containers

(b) Remainder/Composite

(C) Flat Glass

HHW & Special Waste

(d) Remainder/Composite

(8 Household Hazardous

Metal

(1) Paint

(a) Ferrous Metals

(2) Automotive Fluids

(1) Tin/Steel Cans

(3) Batteries

(2) Other Ferrous

(4) Remainder/Composite

(b) Non-Ferrous Metals

(b) Specia Waste

(1) Aluminium Cans

1) Ash

(2) Other Non-Ferrous

(2) Biosolids

(c) White Goods

(3) Industrial Sludge

(d) Remainder/Composite

(4) Treated Medical Waste

Plastic

(5) Bulky Items

(8) HDPE

(6) Remainder/Composite

(1) Natural HDPE

Mixed Residue

(2) Coloured HDPE

(b) PET

(c) FilmPlastic

(d) Other Plastic

(1) PVC

(2) PP

@3) PS

(e) Remainder/Composite

Comments:

(continue on reverse side if needed)

Figurelll-9. Sample waste composition data sheet
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Courtesy: Alternativa
Figurelll-10. Waste composition analysisin a peri-urban area
C. Other characteristics

In addition to analysing for composition, it is recommended that the sampling program include
provisions for determining moisture content, bulk density, and particle size distribution. The
measurement of these three properties is especially recommended if no prior scientific waste
characterisation study has been performed locally. These particular characteristics have a
substantial influence on determining: 1) wastesthat will be difficult to manage, 2) proper and best
methods for storing, collecting, processing, and disposing of the wastes and 3) marketability of
potentially recoverable materials. In addition to the moisture content, particle size, and bulk
density, a knowledge of several other properties of solid waste are also required for properly
planning, designing, and operation waste management programs. Among such other properties
are chemical/thermal and mechanical analyses.

M oisture Content

The moisture content is determined as follows: The sample is weighed as received (“wet
weight”). It isthen allowed to stand until it isair-dry, i.e., its moisture content isin equilibrium
with that of the ambient air. The percent moisture content isthen obtained through the following
formula:

Moisture Content (%) = 100

Ww — Wb X
Ww

where:

e Wy =wet weight of sample, and

e W)p =dry weight of sample.

C1. BULK density

The bulk density can be measured by filling a container of known volume with wastes and then
weighing the loaded container, as shown in Figure I11-11. (The container should be constantly
shaken during filling.) The bulk density is calculated by dividing the net weight of the refuse
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(weight of loaded container minus weight of empty container) by its volume. The result is
expressed as kg/m®. Bulk densities obtained in various countries are presented in Table111-2. In
addition, bulk densities of various types of wastes are given in Table I11-3. For comparison
purposes, the densities of virgin materials are presented in Table 111-4.

Courtesy: CalRecovery, Inc.

Figurelll-11. Determination of bulk density

C2. SIZE distribution

Size distribution may be determined with the use of a set of manually manipulated screens. The
screens should have square openings, particularly those with large openings, and the sizes of the
openings included in the set should be 100, 50, and 25 cm. The screens, particularly those with
large openings, can be easily made with lumber and wire, as shown in Figures111-12 and 111-13.
The sample size should range from 150 to 300 kg.
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Tablelll-2. Bulk densities of
residential wastesfor various

Tablelll-3. Typical bulk densities of mixed M SW

and various components of M SW

countries
Country Density Component Density
(kg/m®) (kg/m®)
United Kingdom 150 M!XED SOLID WASTE
United States 100 Mixed MSW
Eqypt 330 Loose . 90to 178
T After dumping from compactor 207 to 237
Nigeria 250 truck
Singapore 175 In compactor truck 297 t0 416
Tunisia 175 In landfill 475t0 772
Bangladesh 600 Shredded 119 to 237
Burma 400 Baed 475t0 712
India 400 to 600 M echanically-Recovered
) Fractions (L cose)
Indonesia 400 dRDF 481 t0 641
Mexico 300 to 500 Aluminium scrap 224 to 257
Nepal 600 Ferrous scrap 369 to 417
Pakistan 500 Crushed glass 1,042 t0 1,363
Paraguay 390 Powdered RDF (Eco-Fuel) 417 to 449
South Korea 200 t0 450 RECOVERED MATERIALS
S Lanka 400 IC_:g(r)rst]Jegated 16t0 32
Tha Ian.d 250 Aluminium cans 32to 48
Tanzania 330 Plastic containers 32t048
Sources. References 3, 4, 6. Miscellaneous paper 48to 64
Garden waste 64 to 80
Newspaper 80to 112
Rubber 209 to 258
Glass bottles 193 to 305
Food waste 353 t0 401
Tin cans 6410 80
Densified
Baled aluminium cans 1931t0 289
Cubed ferrous cans 1,042t0 1,491
Baled corrugated 35310513
Baled newspaper 369 to 529
Baled high grades 321 to 465
Baled PET 209 to 305
Baled HDPE 273t0 385

Source: Reference 8.
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Tablelll-4. Bulk densities of virgin materials

Component Density (kg/m°)
Wood 593
Cardboard 689
Paper 705t0 1,154
Glass 2,501
Aluminium 2,693
Steel 7,855
Polypropylene 898
Polyethylene 946
Polystyrene 1,042
ABS 1,026
Acrylic 1,186
Polyvinylchloride (PVC) 1,250

Source: Reference 8.

i :

Court: Cal Recovery, Inc.

Figurelll-12. Screens specifically madeto deter mine size distribution of waste
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Courtesy: CalRecovery, Inc.

Figurelll-13. Testing of the screens by crew members

Representative waste from the sampleisplaced on the largest of the screens (100 cm). The screen
isshaken until particles of refuse no longer passthrough the openings. Material remaining on the
screen (oversize) is collected and weighed. The materia that has passed through the screen
(undersize) isplaced on the screen with the 50-cm openings, which is shaken asin the preceding
step. The processis repeated until all three screens have been used. The fractions that are sized
are weighed, and the weight values are used to plot asize distribution curve. Typically, the size
distribution is plotted as cumulative percent passing versus screen size. A sample data sheet is
shownin Figurelll-14. Sample size distribution curvesfor some waste componentsgenerated in
the United States are shown in Figure I11-15, and those for wastes generated in Mexico City in
Figurelll-16.

C3. CHEMICAL/thermal properties

Determination of chemical/thermal properties of solid wastes or its components would be
necessary in order to ascertain the most appropriate type of treatment. These analyses must be
conducted by areliablelaboratory. The authorsgenerally rely on either governmental |aboratories
or universitiesto perform thework. Typical analysesinclude moisture and ash contents; calorific
value; and the concentrations of carbon, nitrogen, hydrogen, oxygen, and some heavy metalsif
there are reasonsto suspect that they may be present. The results of analyses conducted in various
countries are presented in Table 111-5. Additional properties of MSW and its components can be
found in Reference 13.

C4. MECHANICAL properties
Despite the fact that the proper design of processing plants as well as final disposal facilities

should include a thorough understanding of the properties of refuse and its components, this
requirement has, up until recently, been ignored. Perhapsthis can be explained by the absence of
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reliable information readily available in the literature. This problem is particularly more
pronounced in economically developing countries. Mechanical properties are especialy
important in the design of sanitary landfills and ancillary systems. This section presents the
results of analyses carried out using raw (fresh) MSW, fractions of MSW, as well as landfilled
MSW generated inindustrialised countriesin Western Europe. Dueto the sharp differencesinthe
composition and characteristics between these wastes and those from economically developing
countries, it is recommended that the data presented in these sections be used simply as
references and modified to suit the conditions of the particular location.

Date: Sample Wet Weight:
L ocation: Sample Dry Weight:
Sample No.: Moisture Content:
Typeof Material: Type of Generator:
Screen Gross Tare Net Weight | % of Feed | Cumulative
Size Weight Weight Retained on Bottom Wt %
Retained by Screen Screen Passing
by Screen Bottom
Screen

Total Sample Weight:

Figurelll-14. Sample data sheet for size distribution analysis
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Figurelll-15. Sample size distribution of raw M SW componentsin the United States
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Figurelll-16. Sample size distribution of M SW componentsin Mexico City



Tablell1-5. Physical and chemical characteristics of residential wastes from various
countries

L ocation® M.C. VS Ash C H N P Cl S
(%) ) @) () ) ) ) ) (%)

Manila, Philippines 426 338 236 183 22 024

Mexico City, Mexico | 50 325 33 15 15 09

Calcutta, India 42 32 26 18 N/A 055 055

Seoul, Korea 442 177 381 89 12 047 022 0.04

Sources: References 4-7.
& Summer, medium-level residences.

C4.1. Stress-strain

The results of triaxial compression tests conducted on raw M SW and on mixtures of MSW and
incinerator bottom ash aregivenin Figurell1-17. Asshown by the curvesin thefigure, ash hasa
considerable impact on the behaviour of refuse.

2,000
L —— Raw M SW

—e— M SW and 22% Ash
—— M SW and 40% Ash

IR
YA

c,inkPa

<+>

h <+—
- 63 =100 kPa
500
I / \ 4
O N I N N [ T Y Y Yy T T S S O S O T N |
0.00 0.10 0.20 0.30 0.40 0.50

dn/h

Source: Reference 10.
Figurelll-17. Stress-strain curvesfor M SW samples
C4.2. Relationship between stress and dry density

The results of laboratory tests to ascertain the impact of normal stress on the dry density of
different types of refuse are presented in Table 111-6. The data in the table demonstrate that the
samples of degraded refuse have substantially higher densities than the samples of fresh refuse.
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C4.3. Absorptive and field capacities

Tests have been carried out using a large-scale compression cell to determine severa
hydrogeol ogical and geotechnical properties of refuse. Theresults of these analysesare useful in
the evaluation of leachate management systems. The tests to determine the absorptive and field
capacity of the samples are presented in Tables I11-7 and 111-8, respectively.

Tablell1-6. Impact of normal stresson thedry density of refuse

Normal Stress Dry Density (Mg/m®)
(KN/m?) Raw?Refuse  Residual® Refuse  Decomposed® Mined®
100 0.54 0.58 0.89
200 0.64 0.65 0.95 1.04
300 0.72 0.72 1.01 1.00
400 1.10

Source: Reference 11.

& Ascollected, without separation.

P Without "organic" components.

¢ Raw refuse after 1.5 yr of degradation in piles.
4 Excavated from landfill after 5 yr.

Tablell1-7. Absor ptive capacity of refuse

Material Initial Moisture Initial Field Absorptive
Content Capacity Capacity
(% wet wt) (% dry wt) (L/Mg wet wt)
Raw refuse 34 112 393
Raw refuse 35 1022 332
Shredded refuse 28.8 141 718

Source: Reference 12.
% Field capacity at stress of 40 kPa.

Tablell1-8. Field capacity of refuse as a function of stress

Applied Stress Shredded Refuse Unprocessed (Raw) Refuse®
(kPa) Dry Density Field Capacity | Dry Density  Field Capacity
(Mg/m?®) (% dry wt) (Mg/m®) (% dry wt)
Initial 0.25 141 0.33 N/D°
40 0.29 115 0.39 102
87 0.35 103 0.43 101
165 0.43 76 0.49 88
322 0.53 64 0.62 73
600 0.60 60 0.71 61

Source: Reference 12.
& Moisture content = 102% on a dry weight basis.
® N/D = Not determined.
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