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Executive Summary

This report summarises the presentations and discussions at a workshop on the subject of
the disposal of solid waste (refuse or garbage) that was held in Belo Horizonte, Brazil, from
8 to 11 September 1998 This workshop was the fourth in a series on the subject of munici-
pal solid waste management in lower- and middle-income countries The title of the work-
shop was

Waste Disposal Workshop '98 - Upgrading Options for Lower and Middle Income Countries

The focus of the workshop was the disposal of solid wastes to land - how to improve the
generally poor standard of current practices and develop methods of disposal that are suited
to the environmental and economic conditions of the economically developing world Atten-
tion was also given to other disposal options that are appropriate to the countries of con-
cern, namely composting and recycling, and some consideration was given to the manage-
ment of healthcare wastes

The formal presentations could be divided into three groups

1 Regional overviews (for Latin America and the Caribbean, Sub-Saharan Africa, Asia, and
the Middle East and North Africa) In spite of the great diversity within each region, useful
issues and areas of progress were identified

2 Case studies of particular aspects from particular countries The topics were

* Landfill Gas recovery in Chile,

* Leachate treatment in China,

* Landfill Siting in Ghana, and

* Composting in Egypt

3 Presentation of documents

* Following extensive visits to many landfills in the Regions of concern, a report enti-
tled The Emerging Approach to Landftillng In Developing Countries had been written,
and this was presented to the workshop

* As part of the Collaborative Programme associated with the workshop, a Technical
Guide to Planning, Design and Operation of Solid Waste Landfills in Mlddle- and Lower-
Income Countries, and a summary for decision-makers had been prepared, and these
were presented by their authors

* Guidance notes on healthcare waste management, leachate management and landfill
gas recovery were also discussed

The report summarises these presentations and the discussions that followed

Working groups deliberated on aspects related to the theme of the workshop One group
considered technical aspects, another financial, a third institutional and the fourth social as-
pects The reports of each group are summarised

Informal presentations and local information from talks and site visits are briefly covered

Some of the key themes that emerged were

• Solid waste disposal should not be seen as a purely technical issue If improvements are
to be made there must also be major financial, institutional and social inputs

* The importance of the people involved in solid waste management is great If there is
poor practical knowledge, an inadequate grasp of environmental issues, low morale and
motivation, or insufficient seniority and authority, little can be achieved, no matter how
good the technology



* There is a great need for guidelines and standards that are appropriate to local condi-
tions

* National strategies and regulatory frameworks are required to implement improvements
These strategies should include financial incentives to local governments

* In most cases the approach should be one of progressive upgrading - it is generally not
possible to lump from a completely uncontrolled operation to a good sanitary landfill
Upgrading must usually be stepwise

* There is a great need for improved co-ordination between municipalities that together
form metropolitan areas, so that joint disposal schemes can be successfully implemented
and operated

* There could be many advantages in improved networking between waste disposal man-
agers, including the provision of practical training opportunities

* Public awareness is a key tool for encouraging higher disposal standards

* Public participation at the planning stage of any waste disposal project should be regarded
as most important, with clear communication of the scope and nature of the proposed
scheme

* Solid waste disposal often has a very low priority in municipal spending, perhaps because
decision-makers are not aware of risks of environmental pollution and the alternatives that
are available Planning requires reliable financing, and realistic allocations are needed to
allow satisfactory operations

* Hazardous industrial and healthcare wastes need urgent attention

* It is important to develop designs and procedures that are suited to local conditions -
especially local climate, geology, financial means and human resources

* Siting is the single most important decision in landfill development, the choice of a suit-
able site offers the greatest opportunity to protect the environment and health at low
cost When a suitable site cannot be found, the cost of mitigation measures increases
significantly

* The importance of the design and construction stages should not diminish the attention
given to operations and post-closure measures Landfills that are well designed and con-
structed can quickly degenerate to uncontrolled open dumps unless the financial and
human resources are allocated to ensure a satisfactory standard of operation

* Efforts are being concentrated in the larger cities, so that disposal in small and medium
cities shows little improvement Manual methods of operating small sites have been de-
veloped and should be more widely disseminated

* Where an existing open dump is not in a hydrogeologically sensitive area, and capacity
remains, it may often be better to rehabilitate the site and continue using it, rather than
closing it and starting a landfill elsewhere

* Waste picking (scavenging) at disposal sites makes it almost impossible to operate ac-
cording to good landfilling techniques

* Daily covering with soil may not be necessary in all circumstances Alternative covers
should be considered If no cover is used, the effects on vehicle movements, fly breed-
ing, birds and windblown litter should be considered

* The need to treat leachate may continue for more than 30 years after a site is closed
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INTRODUCTION

Disposal This word Is sometimes used to cover all activities concerned with sold waste (gar-
bage), but in this report it is used to refer to the end of the journey for the solid waste - the
final resting place or the final process Most waste that is not recycled is deposited on land
Sometimes the disposal site is not managed or controlled, and was chosen with little or no
concern for environmental pollution that might result Such sites are often referred to as dumps
or dumpsites Disposal sites which are planned, designed and constructed according to good
engineerng practice, and operated so that they cause the minimum of environmental impact,
are usually called sanitary landfills There is a continuum or spectrum of different standards of
disposal operation, from the uncontrolled, burning dump through to the well-managed sanitary
landfill Sometimes unsatisfactory disposal sites are referred to as landfills The editors have
sought to keep the word landfill for the more satisfactory and well-managed operations Some
definitions and abbreviations are explained in Annex 1

Cities in deveroping countries presently generate some 500 million tons of solid waste annu-
ally - nearly 40% of the world total Municipal solid waste management (MSWM) typically
consumes between 20% to 50% of municipal operating budgets However, only about 50%
to 70% of the waste generated in the cities of low-income countries is actually collected In
almost all cases only a small proportion of the collected waste is disposed of in an environ-
mentally sound manner The three following examples illustrate the situation

* Bogota around 70% of waste generated Is collected and disposed of ir a landfill, the
rest is either recycled Informally or left to rot In small dumps, or in canals, drains and
streets

* Dar es Salaam only about one-third of the waste generated is collected and disposed of
In poorly managed open dumps

* Jakarta about 80% of the waste Is collected and most is transported to open dumps

The picture is the same in most other developing countries Even though innovations in
MSWM are being announced in many countries every day, the focus has mainly been on the
waste collection side, and most of the initiatives related to disposal are unsuited to the local
situation or underfunded for operations, and so make little impact Awareness about the
environmental, social, health and economic impacts of unmanaged and poor disposal of solid
waste is growing, albeit, slowly Limited time and resources are allocated to planning for
disposal and much less for proper operation and management of disposal sites or facilities

A collaborative support strategy following the "Conceptual Framework for Municipal Solid
Waste Management in Low-Income Countries" has been formulated to strengthen donor
support to cities in developing countries for improved municipal solid waste management
Activities have been in tiated jointly by the World Bank and the Swiss Agency for Develop-
ment and Co-operation (SDC), through the Swiss Centre for Development Co-operation in
Technology and Management (SKAT) as well as the loint UNDP/UNCHS Urban Management
Program (UMP), and the World Health Organisation (WHO) The activities of the collaborative
programme include the preparation of publications including the Conceptual framework for
MSWM in low-Income countnes, a decision-makers' guide on sanitary landfill siting and de-
sign (presented during this workshop), a methodological guide for conducting national solid
waste sector assessments, and a planners' guide for the development of strategic solid waste
planning for large cities and metropolitan areas (available in draft form), and also for second-
ary cities and towns (For more information about any of these publications, contact SKAT)

An important part of the loint programme in MSWM has been a series of technical work-
shops The aim of these has been to collate, discuss and disseminate information relating to
the programme, involving national decision-makers, municipal managers, and the develop-
ment community in general The first three were

* the Ittingen Workshop in April 1995, which developed the direction and momentum of
the programme,
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* the Washington Workshop on the Promotion of Public/Private Partnerships in Municipal
Solid Waste Management in Low Income Countries in February 1996, and

* the Cairo Workshop on Micro and Small Enterprises Involvement in Municipal Solid Waste
Management in Developing Countries in October 1996

Immediately following the Cairo workshop, the Collaborative Working Group for the Promo-
tion of Municipal Solid Waste Management in Low-Income Countnes met and agreed to fo-
cus its attention over the following 12 - 15 months on ultimate disposal problems, such as
landfill practice, health care waste management and composting It was also decided to or-
ganise a fourth technical workshop on the topic of disposal of municipal solid waste in devel-
oping countries, to be held in a Latin American country where disposal of solid waste has
been under significant development in recent years The Latin American experience provides
thus an appropriate example for low-income countries seeking to introduce or improve solid
waste disposal practices

This report is a summary of the presentations and discussions of the fourth workshop, which
was held in Belo Horizonte, Brazil from 8 to 11 September 1998

8
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2. OUTLINE OF THE WORKSHOP

2.1 Scope and Purpose of the Workshop

The overall objective of the workshop was to ensure comprehensive information exchange on
the challenges facing national decision-makers, municipal managers, and the development com-
munity in general in the selection of waste disposal options and the management of waste
disposal activities, and to examine better strategies for ensuring improved performance

It was anticipated that the workshop would bring to the fore the fundamental ssues that
underpin decisions and management of actions around waste disposal and its institutional,
socio-political, economic, environmental and technical dimensions in developing countries

The agenda of the workshop was formed after a long discussion during an electronic confer-
ence via Internet The principal theme of the workshop was disposal to land, but other dis-
posal issues relevant to middle- and lower-income countries - composting, recycling and
healthcare waste management - were also considered Furthermore, it is not helpful to con-
sider disposal in total isolation from other aspects of municipal solid waste management, so
there are inevitable references to generation and collection

The venue of the workshop was chosen because of the opportunities available in Belo
Horizonte for site visits to exemplary disposal operations, and the enthusiasm and dynamism
of the local waste management professionals

2.2 Workshop Organisation, Content and Participation
The workshop was organised by the Transport, Water and Urban Development Department
of the World Bank (particularly by Carl Bartone, Gabriela Boyer and Lars Mikkel Johannessen),
supported by the Urban Development Team of SKAT (Adrian Coad and Jurg Christen) The
workshop sponsors were the World Bank, PAHO, DANIDA, DANCED, SDC and COMPASA MG

The workshop lasted four days and consisted of four main parts

I Presentations in plenary of overviews from each represented Region, case studies from
selected countries, and general technical guidance information - including "The emerging
approach to landfilling of waste in developing countries", and the launching of the WHO/
World Bank/SKAT 'Decision-Makers Guide to Solid Waste Landfills"

i) Site visits to well-operated landfills, (including a leachate treatment plant and a composting
facility), a crushing plant for construction and demolition waste, and recycling facilities

iii) Discussions in working groups and informal presentations

iv) Plenary discussions

The original papers that were presented (regional overviews and case studies) may be ob-
ta ned on a limited basis from SKAT The detailed workshop schedule is presented in An-
nex 2

The workshop brought together more than 60 participants including local waste managers
and sector practitioners, representatives of non-governmental organisations, multilateral and
bilateral agencies, and selected solid waste experts and specialists The list of participants Is
attached in Annex 3 Brief biographical information of the resource persons and presenters is
given in Annex 4

The workshop provided an excellent platform for the exchange of information and discussion
of various disposal options through the presentation of overviews, case studies and docu-
ments

9
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The workshop was followed by a one day round-table meeting of the Collaborative Working
Group, which discussed the outcome of the workshop, set the future work programme and
action plan and developed a strategy for better networking (Notes of this meeting are avail-
able separately from SKAT)

2.3 Introduction from the Mayor
The workshop was officially opened by the Mayor of Belo Horizonte, Dr Celio de Castro, who
welcomed sponsors and participants, and introduced the body responsible for waste disposal
in the City, the Superintendency of Public Cleansing, or SLU He explained that the SLU was
among the leading Brazilian organisations in the field, and that it uses modern technology for
treatment and disposal of solid wastes in order to minimise the environmental impacts The
SLU sees public participation as essential and seeks to promote social transformation in the
f eld of recycling and respect for the environment The SLU is keen to establish co-operation
relationships with international organisations and exchange its know-how with others

10
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3. REGIONAL OVERVIEWS

3.0 Introduction
Overviews of waste disposal practices for the four regions under consideration - Latin
America and the Caribbean, Sub-Saharan Africa, Asia, and the Middle East and North Africa -
were presented first to set the scene and review the issues facing the workshop Since there
are great variations within each region, the speakers were not able to cover all aspects and
all countries in detail, but sought rather to identify trends and general needs The papers and
the discussion they generated are summarised below

3.1 Latin America and the Caribbean
presented by Francisco Zepeda

3.1.1 General comments about the Region

In terms of per capita incomes, this Region is not the poorest, but it is the most inequitable
The solid waste of the Region generally has a high moisture content (45% to 60%) and a
high content of organic material, leading to a low calorific value, making it unsuitable for in-
cineration

3.1.2 The current situation regarding disposal to land

Until the mid 1970s open dumping was the only method of final disposal Since then sani-
tary and controlled landfills have been introduced for many of the larger cities, but the malor-
ity of the medium and small cities still rely on open dumping

At a typical controlled landfill the arrival of collection trucks is monitored, but the oads are not
weighed Settlements of informal waste pickers are not allowed within the area of the landfill,
but ordered sorting of the waste is permitted The wastes are compacted and covered daily, but
there are no artificial impermeable barriers, and leachate is not collected

A sanitary landfill generally has an impermeable barrier to prevent the uncontrolled loss of
leachates, and leachates are collected and treated Arrangements are made for landfill gas, and
waste pickers are not allowed to operate

(It is also worth mentioning, in a general way, that the word landfllllng is used by different au-
thors in different ways Sometimes the word is used to refer to all dsposal to land - including
open dumping and burning, and sanitary landfilling However, some authors distinguish uncon-
trolled dumping from landfilling, indicating that, to them, a landfill is an operation where some
control and polluton mitigation measures are exercised)

Current estimates of the proportion of collected waste that is disposed of in sanitary landfills
vary from 0% for some countries to 90% for Cuba Chile is considered the leader in sanitary
landfilling since it has sanitary landfills for 184 of its 409 cities, handling 83% of the col-
lected urban waste In general, percentage figures should not be compared because of differ
ing concepts of the term sanitary landfdll

Until recently no country in the Region treated any leachate, but in the last five years consid-
erable progress has been made In Santiago, where the rainfall is very small, leachate is
recirculated

Landfill gas was used to fuel vehicles in Rio de Janeiro in the 1980s, and it is currently fed
into two gas distribution networks in Chile

Conventional landfilling demonstrates considerable economies of scale, but progress has
been made by smaller communities (less than 100,000) in manual methods of landfill opera-
tion in Colombia, Chile and Peru (In Calamarca in Peru, a microenterprise is operating a
manual sanitary landfill I

11
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3.1.3 Factors opposing acceptable waste disposal

The following deficiencies have hindered the implementation of sanitary landfilling

At the national Level At the local Level

* Lack of a regulatory and planning entity * Lack of strategic planning
that formulates policies, prepares plans * Lack of adequately trained technical and
and programmes, facilitates financing administrative experts to operate serv-
and provides technical assistance, ices or contract and supervise the pri-

* Lack of environmental regulation and vate sector,
enforcement, * Inadequate cost recovery, and

* Lack of a national monitoring system * Lack of technically trained staff in the

small and medium-sized cities

3.1.4 Alternatives to landfilling

Direct use on agricultural soils has declined with the increase of unsuitable constituents such
as plastics

Waste is still fed to pigs at some disposal sites, but this practice is unauthorised

Composting has been tried, but both simple and mechanised plants have generally not been
successful, most being closed relatively soon after commissioning Less than 1% of the
Region's solid wastes are composted Two large plants of over 1000 t/d capacity have re-
cently been installed in Rio de Janeiro

Until the 1970s there were a few simple incinerators in operation, but now incineration is
only used for healthcare wastes Sao Paolo is seeking to install large-scale incinerators

Some solid wastes are dumped into the sea in spite of international agreements and the
impact on tourism, in some cases the waste is used to reclaim land

Vermicomposting and biogas generation have been investigated on a small scale

Recycling is widespread, even though the percentage of recyclables in the waste is small
and markets vary It is estimated that some 100,000 families are engaged in salvaging solid
waste, operating in a variety of ways Some recycling activities cause delays in collection and
interference with landfill operations Waste pickers at landfills make it impossible to achieve
a true sanitary landfill Formal recycling schemes, operated by local government, have proved
expensive to operate

3.1.5 Institutional, regulatory and financial aspects

The paper reviews the requirements of Agenda 21, with particular attention to oblectives for
waste disposal, and assesses the progress of the Region towards meeting these targets In
most countries of the Region efforts need to be concentrated on collection and disposal of
solid wastes (unlike industrialised countries - with full coverage for these services - which
are working on improving recycling and minimisation)

Six countries now have national laws regulating waste management, and more are preparing
them Ten countres have legislation concerning medical wastes Laws concerning sanitary
landfilling usually govern their siting, design, operation, and the monitoring of gas and
leachate

12
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Rio Agenda 21 Principles

Universal Safe
Collection Disposal

Waste Waste
! 3I Fwl vnTRI 11111111%. -MIMMIFTI Il Recycling

Priorities will differ depending on the
conditions in each country and city

Information networks and monitoring systems are being developed

Fifty universities in the region have graduate programmes with components on solid waste
management

In recent years there has been a growing trend to contract the operation ot sanitary landfills
to the private sector Examples can be found in Argentina, Brazil, Chile, Colombia. Ecuador,
Mexico, Panama and Peru Usually the land is provided by the municipality and the
concessionaires operate them in accordance with the technical specifications provided by the
local authority, and bill the municipalities according to the weight or volume of waste re-
ceived

The costs of operating a sanitary landfill in the Region vary from US$5 to $15 per ton, ac-
cording to local conditions Some cities are now setting aside funds for the operation of en-
vironmental controls after the landfills are closed to incoming waste Revenue is generally
raised at the collection stage, but income from charges is usually less than expenditure

3.1.6 Conclusion

Sanitary landfilling continues to be the most appropriate disposal method for the developing
countries in the Region The strategy for the management of pollutants from landfills - except
for large cities, tourist sites and islands with very fragile ecosystems - tends to rely on nature's
capacity for self-purification and the use of natural barriers

3.2 Sub-Saharan Africa
presented by J M Ball

3.2.1 General comments about the Region

The majority of countries in Africa, and certainly those under consideration, qualify as low or
medium income countries, or economically developing countries Generally, waste manage-
ment in African countries suffers from insufficiencies in funding and technical expertise, yet
waste should be properly managed to avoid adverse health and environmental impacts Ap-
propriate strategies are therefore needed Another common characteristic of African coun-
tries is conflict, hostilities have a significant effect on waste management as economies de-
cline and many other associated priorities precede waste management

The climate of Africa varies from humid to arid The composition of solid waste also varies -
for example the ash content in waste from a low-income community, Ratanda , in South
Africa was measured to be 71 5%, whereas the putrescible organic content in Ibadan has
been estimated at 76% (One consequence is that waste with a high ash content has little
need of daily cover)

13
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When compared with the so-called industrialised countries, most of Africa cannot be consid-
ered industrialised However, there are usually some industries associated with the larger
towns and cities, some of which produce hazardous wastes The most common hazardous
wastes encountered in Africa are waste oils, pesticides and medical wastes Whilst some
industries manage their wastes properly, many simply dump them at the municipal disposal
site, or elsewhere Another problem is the importation of hazardous wastes from industrial-
ised countries

In most African countries, there Is a government portfolio that includes waste management
This is usually linked to water and sanitation or health, and at national level there is also
usually at least one staff member who is technically well qualified Attempts to implement
improvements have often failed at the local government level, however, because the person
locally in charge does not have the requisite technical background, the resources or the will

The paper includes case studies from west, east and southern Africa and key references,
including the South African Minimum Requirements for Waste Disposal by Landfill, Second
Edition, October 1998

3.2.2 Disposal and treatment practices

The only examples of large scale composting plants known to the author are in South Africa
However, as the glass and plastic content of the product makes it unpopular for use in gar-
dens, it is mainly used to improve sandy soils in agriculture Throughout Africa, however,
informal composting and the use of organic wastes for soil enrichment, are widely practised
by farmers on a small scale

The formal incineration of solid waste for energy does not happen in Africa because of the
generally warm climate, the sophisticated technology and the unfavorable economics associ-
ated with this option Many of the hospitals in larger African cities have incinerators for
medical wastes, but experience has shown that the majority of these are either not in work-
ing order or work very inefficiently, hence the ubiquitous problem of medical waste on
landfills

It follows that disposal to land is the only significant disposal option currently in use in Africa
The range of approaches is as follows

The uncontrolled burning dump This is the predominant form of disposal for communities
of all sizes Such sites generally contravene all accepted landfill principles, with regard to sit-
ing, design and operation The resulting health and environmental impacts seem to be ac-
cepted by the local populations, perhaps because they are not aware that alternatives exist
Operational inputs are minimal - at best they amount to the occasional spreading of waste by
bulldozer to facilitate vehicle access or final covering Since the fires continue after closure,
dangerous undermining and subsidence result

The controlled open dump In such sites there is some control of access and burning, and
the waste is spread on a more regular basis Such facilities are common in towns and cities
where the person in charge is endeavoring to do a good job, albeit without the requisite
resources Alternatively, such sites exist where reasonable facilities have been provided, but
not maintained, and therefore have been allowed to deteriorate, as has happened in a
number of major cities (An example was cited of a site that was designed and built to high
standards, but because of a lack of resources, became an "open dump" within a year)

The controlled and sanitary landfills These are properly sited, designed and constructed, but
can only be truly regarded as being in this category if they are operated in a satisfactory way
There are some such sites in the larger cities in southern Africa At most of these facilities,
weighbridges or access control exist and a waste disposal tariff is levied Some facilities are
operated by contractors (In South Africa waste disposal tariffs per ton range from US$ 5 to
10 for municipal waste and US$ 30 to 50 for hazardous wastes)

14
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3.2.3 Experiences of implementing improvements

Many countries in the Region have recognised the need for improved waste disposal, not-
withstanding the lack of financial and technical resources available With the technical and
financial assistance of donors they have implemented good quality landfills, but the impact
of such prolects has usually been limited to only the larger cities Also, on account of the
absence of local waste disposal guidelines and standards, unsuitable approaches are some-
times used Other concerns include the apparent inability to maintain standards and the lack
of management of hazardous wastes

3.2.4 Hazardous wastes

A study in 1996 showed that in general, hazardous wastes in Africa are not properly man-
aged This is a particular problem where waste pickers are found on the disposal sites Some
countries return hazardous wastes to the countries of origin of the related products, and there
are some acceptable hazardous waste disposal sites in South Africa A regional training center
has been proposed, by the Basel Convention Secretariat, to focus on the issue of hazardous
waste management

3.2.5 Main conclusions

Mr Ball identified four key issues and suggested ten principles

Key Issue 1 Funding
External funding is needed Among the Regions, Sub-Saharan Africa has the lowest level of
investment by the World Bank, in spite of the needs However t is essential to be sure that
any improvements can be sustained

Key Issue 2 Appropriate Technology
Such technology must be Is affordable and sustainable in the long term In order to select
what is appropriate it Is essential to consider local conditions, resources and standards, and
opportunities for progressive improvement (As an example- It is often better to use a bull-
dozer that is easy to service locally, than an imported landfill compactor, which requires spe-
cialist servicing)

Key issue 3 Guidelines for addressing open dumps in Africa
Such guidelines should focus on the remediation of the ubiquitous open dumps, which rep-
resent a major problem in Africa They should ensure appropriate technology and sustainable
operations for both large and small communities

Key issue 4 Hazardous Waste Management
A strategy is needed to prevent hazardous waste from being dumped at municipal landfills
or at other unsatisfactory locations, especially where waste pickers are present
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TEN PRINCIPLES APPLICABLE IN AFRICAN WASTE DISPOSAL PROJECTS

Focus on the Local Situation
1 Spend maximum time locally to ensure a sound knowledge of the situation
2 Build on the local situation, taking cognisance of exiting disposal sites and politics
3 Improve generally on the Status Quo, as opposed to attempting the limited ideal

Ensure Appropriate Standards
4 Ensure consistent standards, with regard to other waste management components
5 Where necessary, adapt standards defensibly, ensuring sound scientific reasoning
6 Avoid "imported" industrialised country standards, which are seldom appropriate

Ensure Long Term Sustainability
7 Properly remediate and close existing open dumps, before abandoning them
8 Progressively upgrade facilities, possibly remediating them through operation
9 Build capacity by training Leave someone behind who is capable and responsible
10 Ensure ongoing involvement, by means of audits and other control measures

JARROD BALL & ASSOCIATES cc

Finally, to illustrate the need for appropriate standards, the following graph was shown It
indicates that through implementing appropriate standards, a better long-term result will be
achieved This is because appropriate standards are usually sustainable, whereas imported
standards are usually not

Standard
achieved ----------------------- imported standards

appropriate standards

status quo

end of time
external
inputs

3.3 Asia
presented by Nathaniel von Einsiedel

3.3.1 General comments about the Region

The urban population is rising rapidly The poorest citizens live in large, crowded slums or
shantytowns where uncollected solid waste is posing serious problems The growth of in-
dustrial activity, often small-scale and unregulated, dispersed among the low-income residen-
tial areas, and with little concern for health or pollution, adds to the waste management prob-
lems Increasing pressure on land around urban areas and traffic congestion make the siting
of disposal sites more difficult

Most Asian cities have a tropical climate with high levels of rainfall and humidity, so that
large volumes of leachate are produced and the waste is too wet for incineration Heavy
rainfall makes the operation of landfills more difficult and may damage the soil layers on
which landfilling depends
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3.3.2 Disposal methods used

With the exceptions of Japan and Singapore, most of the waste of the Region goes for land
disposal Hong Kong, Indonesia, Malaysia and Thailand claim to incinerate about 5% of their
solid wastes, but it is possible that, in some cases, these figures represent the theoretical
capacity of incinerators rather than the weight of waste actually processed Estimates for the
percentages composted range from 20% for India (which appears to be somewhat high), to
10% for Indonesia, Malaysia, the Philippines and Thailand, to a realistic 0 1 % for Japan, with
other countnes claiming none Percentages of up to 15% are claimed for other disposal
methods - probably mainly various forms of recycling

Little information was given about the operational standards of landfills in the Region It is
likely that a majority of disposal sites fall into the category of uncontrolled or controlled open
dumps Isee section 3 2 2) It is still common for low-lying sites to be preferred for waste
disposal, in spite of the greater nsks of water pollution

Incineration is successfully used for hospitai wastes, but has failed as a method of treating
municipal wastes in India and the Philippines because of high operational costs and the low
energy value of the wastes In spite of this an oversized incinerator has recently been in-
stalled in Thailand, and the high level of the operating costs is causing concern there

Composting has had a mixed history As a general rule It appears that large plants operated
by local government have not been successful, but smaller prolects - operated by communi-
ties or the private sector, using simple technology and wrth careful marketing - are demon-
strating a usefu potential

3.3.3 Non-technological aspects

Methods of managing wastes are labour-intensive and often pnmitive, involving too much
handling of, and contact with, the wastes This may contribute to the general perception of
solid waste management as being a dirty and degrading occupation, to be avoided by any
professional Disposal is regarded as being a much lower priority than collection

Waste picking and recycling by the informal sector is of great importance as a source of
household income in many Asian cities, and also reduces the amount of waste requiring
disposal Hostility between the informal sector and municipal employees is still a problem in
many places The working and living conditions of waste pickers and their families continue
to cause concern

Waste disposal is usually regarded as a municipal responsibility, so t is difficult to set up
regional or metropolitan disposal systems, because they depend on co-operation and good-
will between the municipal organisations In metropolitan areas ncluding many municipali-
ties, such as Manila, disputes between the different local government bodies may cause sig-
nificant delays to the setting up of joint disposal operations

Revenue generation systems are largely inadequate, so municipalities are often forced to rely
on grants from central governments, and the solutions that are imposed from the centre
Often there is insufficient consideration of operating costs

There is a shortage of technically trained leadership, perhaps because of a lack of interest in
working in this field

The paper discusses, as case studies, waste disposal activities in Mumbai (India) and Manila
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3.4 Middle East & Northern Africa
presented by Prof Dr M M el-Helwagi

3.4.1 Introduction

The countries in this Region vary greatly both in terms of size and in their economic strength
Much of the progress in waste disposal in the Region has been made in the last two dec-
ades Current trends include moving from open dumps to sanitary landfills and a greater role
for the private sector

A special characteristic of the Region is the large proportion of waste that is composted This
is equally true in the prosperous Gulf States and in populous Egypt About 60% of Egypt's
urban solid waste is food wastes

This presentation uses Egypt as an example and provides some supplementary information
from other countries of the Region

3.4.2 Landfilling in Egypt

Significant amounts of urban waste are still disposed of in inadequate ways Open burning of
wastes within the urban areas is a major problem - over 30% of the particulate matter in the
air breathed by the residents of Cairo comes from smoke from the open burning of solid
waste in streets or uncontrolled dumps About 90% of the collected wastes are disposed of
in open dumps

Recently semi-controlled landfilling has been introduced, with measures taken to control lit-
ter and fires, but no actions to control leachate and gas, which are thought not to be a prob-
lem because of the very low rainfall

Guidelines and standards are being prepared The strategy for disposal calls for sanitary
landfilling to be the main disposal route, with up to 40% being composted, and small incin-
erators for hazardous wastes and special cases (such as tourist areas)

3.4.3 Composting in Egypt

(A paper on composting in Egypt was presented later in the workshop - see section 4 4 )

There are several systems of composting currently being practised in Egypt

* Experience since the 1950s with a sophisticated plant in Cairo suggested that techniques
should be as simple as possible

* Between 1982 and 1987 five imported windrow composting plants were established
Their input capacities ranged from 6 to 10 tons per hour Income from the sale of
recyclables and compost was not enough to cover operating expenses

* In some Egyptian cities there is a well-developed informal sector waste collection and
recycling system, operated by people known as the Zabbaleen The collected waste is
sorted, recyclables are sold, food waste is fed to donkeys and pigs, and near Cairo the
residues are composted using a simpler windrow system The residues are piled in
windrows which are turned every two days, and the mature compost (after 6 to 15 days)
is screened This plant can process 30 tons per shift In spite of the fact that the product
has been shown to have high levels of zinc, lead and cadmium, there is great demand for
this compost for reclaiming sandy soils and improving clay soils, especially between Oc-
tober and December Income from sales is more than the operating expenses

* Egyptian experts have developed locally the equipment for a simplified composting proc-
ess, and the first trials of the prototype were conducted in 1995 Eleven other plants of
this type have been built Challenges have included improving the reliability of the ma-
chinery, problems in handling relects, staffing and marketing The capital cost of a plant to
process 10 tons per hour is about US$ 1 million
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* Trials of landfill composting have been encouraging After separation of recyclables,
wastes are placed in a prepared cell as for normal landfilling The deposited waste is
sprayed with the contents of cess pits or with settled sewage before it is covered When
it is decomposed, the material can be dug up, screened and used as soil conditioner

3.4.4 Other disposal options in Egypt

There are some small incinerators for treating hospital waste, but no other facilities for haz-
ardous wastes Plans are being prepared for two secure landfills which could accept hazard-
ous wastes

Experiences with small incinerators burning municipal waste have been disappointing be-
cause of high running costs (fuel consumption and labour requirements), problems in obtain-
ing spare parts, air pollution and insufficient capacity Recently a locally designed and manu-
factured hospital waste incinerator has been produced

3.4.5 Disposal elsewhere in the Region

Based on information published in Biocycle by Steiner and Partl (June 1997 pp53-4), a brief
review of composting in other countries of the Region is presented About 11% of the Re-
gion's waste was being composted (with Qatar and Libya taking the lead) and about 8% was
taken to sanitary landfills (semi-controlled) In the Region most compost is used for garden-
ng and landscaping, particularly for the parks and green spaces in urban areas Composting
plants in Iran, Qatar, Kuwait, Oman, Saudi Arabia, Syria and UAE were mentioned

New, engineered landfills were reported in Tunis and Beirut Two large landfills in Saudi Ara-
bia were reported to be well managed, although they had no measures for collecting
leachate and landfill gas The securing of sustainable financing was seen to be a major need
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4. CASE STUDIES

4.1 Case Study - Landfill Gas Recovery in Chile
presented by Eng Julio C Monreal

Chile has had sanitary landfills since 1977 and has been exploiting landfill gas since 1982
Currently gas is being extracted from 4 landfills - three in Santiago (population 5 3 million)
and one in Valparaiso Most of the gas in Santiago comes from two sites that have recently
been closed, and they produce enough gas to meet 40 % of the demand of the piped dis-
tribution system of the city Gas from a third landfill supplies the energy requirements of a
food processing factory Four million cubic metres of gas are recovered each month in San-
tiago The Valparaiso landfill provides 3 0% of the demand of the piped distribution system
The proportion of landfill gas that can be used in the distribution system is limited by the
presence of carbon dioxide in the landfill gas

When the first landfills were constructed, the gas was flared, but further work was necessi-
tated by the underground migration of gas to nearby housing The high costs of energy and
the desire to promote sanitary landfilling also encouraged the exploitation of landfill gas

In theory each ton of solid waste can produce 280 m3 of gas, experience suggests that about
100 m3 can be usefully recovered, and that it is economically feasible to exploit the landfill
gas for about four years after the landfill is closed

Many useful lessons about the technology of gas extraction were learned Polyethylene was
found to be the best material for pipes, and stone chimneys sealed at the top with
polyethylene sheet were used for collecting the gas Current practice is to ensure that no
part of the deposited waste is more than 12 metres from an extraction chimney Collection
pipes are designed so that water inside them can be drained off The collected gas must be
cooled to remove most of the water and hydrogen sulphide, so that the gas is less corro-
sive The recirculation of leachate into old cells improves the yield of gas

One legal issue that needed to be settled was the ownership of the gas, since the sites
were being operated and the gas collection chimneys built by contractors It was determined
that the gas was owned by the municipalities, and so the opportunity for exploiting the gas
was then put out for tender The only bid was from the local gas company, and agreement
was reached that the municipalities would be paid one sixth of the selling price of the gas
Perhaps a higher price would be appropriate today Possible conflicts could be avoided by
including landfill gas exploitation with landfill operation in future

The prerequisites for successful utilisation of landfill gas are

* a well designed and well operated sanitary landfill

* a suitable user (such as a gas manufacturing plant or an industry requiring thermal en-
ergy) which is not far from the landfill

4.2 Case Study - Leachate Treatment in China
presented by Mr Yang Xianping,

Leachate composition depends on the characteristics of the waste and the time since it has
been deposited, on precipitation and evaporation and on the methods of construction and
operation of the particular landfill site For this reason the range of parameter values is very
great, as the following table shows
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Table 1 Characteristics of leachate from landfill sites

Components Range of values

Biochemical oxygen demand BOD 5 200 to 40 000 mg/L

Chemcal oxygen demand COD 300 to 60 000 mg/L

Ammonia NH, - N 5 to 750 mg/L

pH 42 to 78

Rapid fluctuations in flow and concentration must be allowed for in the design of the treat-
ment plant

Five different treatment plant configurations that have been used in China for treating
leachate were presented, as flow charts and with relevant data

Recirculation of leachate by spraying it on deposited waste can reduce the normal biodegra-
dation period for organic waste from 15 to 20 years down to 2 to 3 years In addition the
volume of leachate is reduced by evaporation and the leachate is partially treated

Most of the treatment plants achieved the desired results At the beginning of the operation
of a landfill the leachate is more biodegradable and aerobic treatment processes are suitable
As time goes by the leachate becomes more difficult to treat and the ammonia concentration
increases, so that more energy is required for the aeration At this stage anaerobic treatment
may be more satisfactory Treatment plant designs and operational inputs must be able to
cope with these variations in the nature of the leachate

In China, five hundred more sanitary landfills are being planned, and many of these will re-
quire leachate treatment, so it is important to learn from the experiences outlined above
There is a shortage of skilled operators - the managers of landfill operations do not have the
time or the specialised knowledge to operate the leachate treatment units in the optimum
way Designs should be improved and higher standards achieved Operation of many of these
plants has not been stable so, whenever possible, landfills should be sited close to munici-
pal wastewater treatment plants so that the leachates can be treated in these plants

4.3 Case Study - Landfill Siting in Ghana
presented by Godfrey Ewool

Since 1994, the Government of Ghana, in collaboration with the World Bank and other do-
nors, has initiated efforts for developing engineered landfills in about 16 of the 37 malor urban
towns of Ghana A prolect that started in 1994 aimed to provide improved disposal facilities
for eleven medium-sized towns, and a second in 1995 was concerned with the five largest
cities The experiences in these two projects show the importance of careful consideration
of all factors related to selecting sites for landfills, and illustrate some of the difficulties that
may be encountered

A key feature of these prolects was that the local administrations were required to show
evidence of acquisition of the sites before the funds for development would be allocated

The most significant problems are described briefly below, under the name of the town to
be served These problems involved seven out of a total of fourteen sites

Sunyani Progress was smooth through the preliminary investigations in 1994 till the con-
tractor arrived on site in 1996 The contractor faced opposition from local residents who ob-
jected to having waste from the nearby "city folk" on their land It is possible that a local
politician had earlier persuaded the people to allow the site by describing it as a fertiliser
plant So the site selection and design process had to start all over again, after a waste of
two years
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Ho Here the contractor had completed about 30% of the work before he was ordered to
stop by the Civil Aviation Authority, because it was alleged that the site was too close to a
planned airstrip After protracted negotiations for nearly two years it was agreed that the de-
velopment of the landfill could continue provided that the site would be closed before the
airfield was ready for operations

Keta/Anloga The only site that could be found was 30 km away from the urban area
Attempts to use a closer site caused delays but were unsuccessful because they were op-
posed by local residents and the Department of Game and Wildlife

Swedru and Cape Coast The sites in both these locations were subject to flooding be-
cause they were located in valleys Attempts were being made to modify the designs so that
the sites could be used

Kumasi The initial site was too small, but it was possible to acquire extra adjacent land
It was discovered that leachate from the site would contaminate the water source of a down-
stream village, but the extension of a pipe-borne supply appeared to solve this problem

Sekondi-Takoradi After the site identification and design process had been underway for
some time it was discovered that the proposed site was within the catchmerit area for the
water supply Six other alternative sites were rejected, mostly for planning reasons

These problems all caused delays and increased expenditures It is noteworthy that five of
the six could be classified as technical problems, and only one social

4.4 Case Study - Composting in Egypt
presented by Prof Olfat el-Sebaie

4.4.1 Reasons why composting is particularly suitable in Egypt

* Traditionally, farmers relied on organic silt brought by the Nile each year when it flooded
Since the construction of the Aswan Dam this silt is no longer provided by the river, so
alternative fertilisers and soil conditioners are needed

* Agricultural and animal wastes have also traditionally been composted

* In the fertile delta area there is no spare land for landfilling solid wastes

* Current demand for compost is continuous throughout the year

* Composts currently produced meet required standards, including standards on pathogens
and heavy metals

* There are large areas of desert that can be reclaimed by means of compost It has con-
sistently been national policy to increase the area of land being farmed, and for this pur-
pose materials such as compost are needed

4.4.2 Types of composting process being used

* Semi-mechanical aerobic composting of municipal solid wastes After some sorting, ho-
mogenisation and size reduction, the waste is composted in long windrows at least 2m
high The windrows are turned at intervals of 4 to 7 days for a period of cne month and
then the compost is allowed to mature for a further month Initially, imported machinery
was used for this process, but now some locally made equipment is also being used

* Anaerobic or landfill composting is being investigated on a demonstration scale at two
locations It is claimed that the organic fraction is sufficiently decomposed after one year

* Co-composting of animal manure with crop residues or municipal waste is being demon-
strated at Alexandria Co-composting of wastewater sludge with municipal solid waste is
being investigated at Port Said
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4.4.3 Economic aspects of composting

* There are important environmental benefits in composting Other methods of disposal
are not expected to make a profit, so composting should not be expected to be finan-
cially profitable

* In the vicinity of Alexandria animal manure sells for LE 40 (US$12) per ton but the price
of composted municipal waste has been held to LE 3 (US$ 0 9) per ton Elsewhere the
cost of fine compost had risen to LE 25 per ton by 1994, and for coarse compost to LE
11 per ton

* Income from sales of compost and recyclables is generally greater than costs of operat-
ing the machinery (excluding wages, which are paid by local government)

* Transport costs can be a major item of expenditure

4.4.4 Operational points

* There is some evidence that the sharpness of glass fragments is reduced by bacteria in
the composting process

* A second magnet after the homogenisation drum has been found to be effective in im-
proving the separation of ferrous fragments

* The speed of the picking belt can be reduced to improve the separation of recyclables

* Picking belt labourers refuse to wear gloves because of the difficulty of picking up items
from the belt if gloves are worn

4.4.5 Looking to the future

Egypt plans a further 50 compost plants in the five year plan 1997 - 2002, so that 33 5% of
Egypt's urban solid waste will be composted (Currently 9 5% of the urban solid waste Is
composted )

(The full report also contains tables showing

* the major disposal fac lities in Egypt

* analyses of compost and standards

* trends in compost prices in Egypt

* operational data for the Abis plant in Alexandria, and

* accounts and investment figures 1

4.5 Discussion
4.5.1 Exploitation of landfill gas

On the sublect of the economic viability of landfill gas exploitation, Eng Monreal explained
that the fact that a private company was prepared to pay for the right to use the gas demon-
strates the viability of this approach

4.5.2 Treatment of leachate

On the subject of the effects of leachate on treatment processes in municipal wastewater
treatment plants, Mr Yang explained that the effect depends on the type of processes that
are used in the treatment plant, and on the degree of dilution of the leachate by the
wastewater
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Describing the treatment plants, Mr Yang said that a two day retention time in the balancing
tanks (which are fitted with a mixer to make the concentrations more uniform) is too short
He described a plant where the retention in the anaerobic section is 8 hours and in the
oxidation ditch 72 hours Oxidation ditches and ponds are able to cope with big fluctuations
in quantity and concentration

4.5.3 Siting of landfills

* Land use planning could help to avoid some of the problems that were encountered in
Ghana (Such planning identifies areas that have been reserved for certain purposes and
areas where certain activities may not be carried out)

* Many people consider that the most appropriate sites for landfills are low-lying areas and
abandoned quarries, but such sites are often very unsuitable because of water pollution
risks

* Consultation with the adjacent communities was a prerequisite during the preliminary
design stage for the landfills in Ghana It seems that the public consultation process in
Ghana may have been abused by politicians, who might have overstated the benefits of
the projects in order to attract votes It is also important to remember that most villagers
may have great difficulty in understanding a plan or engineering drawing, and so do not
understand the scope or impacts of a prolect until the contractor has started work
Changes in political leadership between the preliminary investigations and the construc-
tion stage can also cause problems

4.5.4 Composting in Egypt

* Many plants similar to the ones In Egypt have been constructed around the world, but
soon closed because of operational and economic problems The key factors that have
resulted in success in Egypt are

* the quality of the managers, who must follow the composting process carefully to en-
sure that all conditions are optimum, and

* the demand for the product In Alexandria the farmers come to the plant to take the
compost

* Compost plants need landfills for the disposal of rejects In Egypt the rejects weigh about
30 to 40% of the total incoming weight, and about 40 to 45% is product (compost)

* A plant that receives 160 tons of municipal solid waste per day typically operates for two
shifts, employs 57 people and occupies an area of about 1 7 Ha
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5. PRESENTATIONS OF PUBLICATIONS
AND REPORTS

5.1 The emerging approach to landfilling in developing
countries
This was the presentation of a draft prepared for review by Lars Mikkel Johannessen and
Gabriela Boyer, covering landfill practices, based on observations and visits to over 50 landfills
in Sub-Saharan Africa, South-East Asia and Latin America The report identifies emerging fea-
tures and practices, and necessary improvements in andfriling, trends in regulation, private
sector involvement, financial aspects and the impacts of scavengers The report also identi-
fies regional and global trends, and recommendations for improvements in World Bank
projects that have solid waste management components

The document is divided into 5 chapters Chapter 1 is the executive summary Chapter 2
provides background and introduces the range of types of landfilis visited, and considers the
perceptions, costs and tmpacts of the three main environmental concerns associated with
landfills Chapters 3, 4 and 5 review waste disposal in Sub-Saharan Africa, south-east Asia,
and Latin America respective y

Disposal operations are graded according to measures that are taken to minimise environ-
mental imoacts Open dumps, the most common method, have no features to minimise
ervironmental damage Operated or semi-controlled dumps have some improvement meas-
ures Controlled dumps operate wth some form of inspection and recording of Incoming
wastes, extensive compaction, a controlled tipping face and soil cover Controlled landfilis
embody further attempts to minimise environmental impacts, and sanitary landfills include
leachate and gas managem-ent, daily covering of wastes, and plans that include closure and
aftercare long after waste has ceasec coming to the site

For each region there are tables describng the sites that were visited, with entries accord ng
to the following categories
* landfill category (see preceding paragraph) * env ronmental setting
* waste types received * type of impervious liner
* dairy tonnage received * leachate collection system
* organisation operating the s te * leachate treatment system
* tipping fee charged * gas management system
* area for waste disposal * description of operation technique
* activities of waste pickers * equipment (plant) used

The application of a daily cover of soil over the waste is seen as a significant issue In some
cases this application of soil accounts for 50% of the operating costs When a low-permeabl-
ity clay-type soil is used for this cover, it will impede the subsequent movement of moisture
through the deposited waste, slowing biodegradation of the vvaste and hindering recirculation
of the leachate (Such soils may also increase the levels of dust during dry weather and be
difficult to drive and walk on during wet weather) Daily cover was not being applied at a
Hong Kong landfill, and there were no serious nuisances observed there The approach to
daily covering should be reviewed

The management of leachate is another key issue Some contracts with private sector opera-
tors include a liability for leachate management for 30 years after the site stops receiving
waste This period may be too short The report describes three strategies with regard to
leachate management

* One is entombment, which aims to prevent water from coming onto contact with the
waste Whilst this approach minimises the volume of leachate produced, it slows the bio-
degradation of the waste so that the potential hazard of the waste is not reduced after
time As a result the entrance of water into the waste at any time in the future ie g 2fter
100 years) couid result in massive pollution of water resources
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* The second strategy is containment, which protects the environment by containing
leachate and treating it before discharge Since the production of leachate may continue
for 30 to 50 years after closure of the site, the continuing operation of the leachate treat-
ment facility is a key issue

* Controlled release allows leachate to enter the environment in such a way that it is not
expected to cause a serious impact This approach requires great skill in siting and in
determining what the environment can tolerate, in addition to careful monitoring

Except in areas of low rainfall and impermeable soil, sanitary landfills have impermeable lin-
ers, usually constructed of clay, sometimes with welded polyethylene sheets One case of
the use of bentonite was noted, and one small landfill had a concrete liner

Treatment of leachate using electrically powered aerators is the most common method, but
electricity costs seem to restrict the extent to which the aerators are actually used, calling
into question this whole concept of treatment Leachate was being recirculated at some sites,
but in one case this was suspected to be the cause of a large slippage or landslide Evapo-
ration can reduce volumes of leachate

Many of the landfills visited had arrangements for passive venting of the landfill gas (mostly
methane and carbon dioxide) The methane thus released promotes global warming (the
greenhouse effect) It is estimated that methane from landfills may contribute up to 2 - 4%
of the total global release of greenhouse gases Some landfills burn the gas in flares, and a
small number utilise the gas, so that the global warming effects are significantly reduced
Investment costs for a mechanised flaring system at one landfill were US$ 15 million Diffi-
culties with contractual arrangements with power companies and low power prices often
discouraged the exploitation of landfill gas for electricity generation Chile had the most suc-
cessful examples of utilisation of landfill gas (as described in a previous paper)

The presence of waste pickers on disposal sites can have a malor effect on how the site is
operated Waste pickers cause safety hazards to themselves and to landfill employees, reduc-
ing productivity by interfering with operations at the tipping face and starting fires, which
cause serious air pollution The negative impacts of waste pickers have been reduced in
some places by formalising their work, either by employing them directly or by engaging
contractors to do this work In Rio de Janeiro picking belts have been provided It is signifi-
cant that waste picking was not observed at any of the well-operated landfills visited

The paper also considers three long-term environmental impacts, and reviews how they are
generally perceived, the costs that are involved in controlling them, and the magnitude of
their environmental impacts The information is presented in graphical form, but here it will
be summarised in table 2

Table 2 Aspects of environmental impacts of landfills

Perception of Environmental Cost
importance impact implications

Leachate management low greatest greatest

Landfill gas management low low low

Birds, vermin, odours, waste pickers high least least
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This assessment indicates that there is a mismatch between the public perception of impor-
tance and the true environmental significance, particuarly in the case of pollution by leachate
The long-term environmental effects of birds, vermin and odours are negligible in compari-
son with the possible pollution from leachate

There were cases where large landfill compactors had been donated by bilateral organisa-
tions, but the machines were not used because of lack of training or because funds were not
available to buy the fuel for them

Practices regarding the charging of fees for depostting waste varied considerably (fees varied
from $1 20 to $18 per ton for municipal solid waste), but in general the fees were not enough
to cover all the costs of the operation Some estimates of the cost of the operations were
around US$10 per ton, but such costs were thought to be insufficient to cover leachate treat-
ment (particularly considering that the treatment must continue long after the active life of
the site)

The development of national standards and legislation varies greatly from place to place
Standards that are particularly concerned with leachate have been introduced in Chile China
has developed giidelines covering many aspects of siting and design of landfills Regula-
tions and guidelines developed in South Africa are particularly concerned with leachate pollu-
tion and emphasise the importance of siting They exclude landfills in and and semi-arid ar-
eas from leachate management requirements on the assumption that the volume of leachate
produced is insignificant

Co-disposal of certain hazardous wastes with municipal wastes is being practised in South
Africa

In Latin America the private sector is already widely involved in building and operating large
landfills, and examples of private sector participation were found in South-East Asia and Af-
rica Landfills operated by the private sector seem to be better controlled

Examples emphasise the importance of sustainability, particularly training of operators and
financial aspects

The emerging approach could be summarised as a strong emphasis on careful site selec-
tion to minimise long-term environmental effects, the integration of landfilling Into an overa9l
waste management stfategy, an overriding concern to minimise environmental impacts, and
a growing involvement of the private sector in the operation of sites

The key issues are considered to be

* Using information on local conditions and setting realistic oblectives

* Careful site selection and gradual upgrading

* NIMBY effect and related social issues of siting

* Careful reconsideration of the entombment approach

* Re-evaluation of the need for daily cover

* Re-assessment of passive ventilation

* Institutional strengthening for
* monitoring and supervision of operational and environmental effects
* mon toring of contractors

* requirements of achievable effluent standards (after leachate treatment)

* Introduction of realistic tipping fees
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5.2 Guidelines for landfilling -

Decision makers' guide and guidance notes
presented by Dr Philip Rushbrook, WHO

Dr Rushbrook introduced two publications on sanitary landfilling, sponsored by SDC and the
World Bank One publication was entitled "Solid Waste Landfills in Middle- and Lower-Income
Countries - A Technical Gulde to Planning, Design and Operation" by Philip Rushbrook and
Michael Pugh (and was available to workshop participants as a Preview Copy) The other was
a summary entitled "Decision-Maker's Guide to Solid Waste Landfills'; prepared by Maggie
Thurgood from the Technical Guide mentioned above This latter publication was distributed
to participants in its final version

The fundamental points that are stressed in the Decision-maker's Guide are

* Landfill will always be needed

* Support of political leaders is vital

* Open dumping damages human health

* Upgraded landfills protect human health and the environment

* Improvements can be achieved at modest cost

The landfill ladder illustrates stepwise improvements in disposal practice

sanitary landfill

engineered landflll 

controlled dumping 

open dumping

The time scale for moving up the ladder is not determined and varies greatly from place to
place

The Decision-maker's Guide explains what a sanitary landfill is, and explains that it involves
hydrogeological isolation, engineering preparation, operational control and planned emplace-
ment and covering of waste It presents this material in plain, non-technical language and
aims to change perceptions of waste disposal There are frequent summaries, and key points
are highlighted

The Technical Guide covers the same scope as the Decision-maker's Guide, but with more
detail Each chapter has the same format

* Main points

* Key decisions

* Basic principles

* Minimum standard of achievement, and

* Desirable improvements

Emphasis is laid on sustainability and the use of local resources, and it is pointed out that
the conventional western way of landfilling may not be the universal pattern
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The draft form that was presented comprised the following chapters

* Waste characteristics

* Landfll site identification

* Site design and preparation

* Landfill site operation

* Additional provisions for special/hazardous wastes

* Site closure and aftercare

5.3 Presentation of three Guidance Notes
Lars Mikkel Johannessen introduced drafts of three Guidance Notes that he had written while

at the World Bank, with financial assistance from DANIDA The choice of topics emerged from

a large number of site visits and requests from World Bank team leaders The three papers

are on the subjects of

* Healthcare waste management

* Leachate management for MSW landfills, and

* Landfill gas recovery and enhanced bioreactor landfills

The author emphasised that they are guidance notes and not technical guidelines, and said

that he would welcome comments and suggestions concerning the drafts

5.3.1 Healthcare waste management

This paper starts with definitions, which are taken from the fortfcomirg WHO book on

healthcare wastes The objective of these guidance notes is to help project teams involved

in the preparation and supervision of both healthcare projects and waste management

projects The notes can be used in a variety of settings-from small to large healthcare facit-

ties, and in local, regional, or national waste prolects

This report begins with a look at HCW management issues at small healthcare facilities (Sec-

tion 2) Section 3 looks at the more complex HCW issues at large healthcare facilities Each

of these sections includes a checklist for assessing a facility's current healhhcare waste man-

agement practices, followed by suggested steps for improving HCW management at this

level These checkl sts (Sections 2 1 and 3 1) are designed to be used by managers of indo-

vidual healthcare facilities, who may be working in conjunction with project team counter-

parts from the World Bank or other agencies

Section 4 provides guidance on assessing municipal and regiona healthcare waste manage-

ment and implementing centralised waste treatment and disposal projects at the municipal

level and above Section 5 looks at steps for developing a national healthcare waste strategy

The report concludes with a summary of important reference works that can provide further

guidance in the areas of healthcare waste management, solid waste disposal, and the design

of training programs in these areas (Section 6)

The annexes provide additional details on management and regulatory issues, technology and

cost considerations, environmental issues, and other important aspects of healthcare waste

management

29



Workshop Report Waste Disposal Workshop 1998

5.3.2 Leachate management

These notes include the following topics

* eachate management strategies - dry tomb, containment, controlled contaminant release
and unrestrcted contaminant release - and the possible short- and long-term conse-
quences of each,

* regulatory and institutional arrangements,

* leachate generation and water balance,

* leachate composition and pollution potential,

* leachate containment and collection, including the different types of liner systems - natu-
ral clay, synthetic liners, bentonite and composite,

* leachate treatment options

* economic consequences, and

* choice of leachate management systems

The costs of leachate treatment, assuming that the leachate will need treatment for a thirty
year period after the closure of the landfill, and if the flow of leachate is equivalent to 200mm
over the area of the site, is estimated to be in the region of US$ 10 per ton When this
figure is compared to the tipping fees that are charged for disposal, it appears that the costs
of landlilling have been underestimated

The siting of the landfill is of great importance, not only in terms of the impermeability of
the natural soil or the vulnerability of the surrounding water resources, but also to avoid the
need for pumping the leachate and because of discharge standards and the consequences of
eventual failure

5.3.3 Landfill gas recovery

Thts was introduced as a technical issue that could be regarded as optional

Gas recovery is only appropriate for sanitary landfills receiving more than 200 tons of waste
each day The waste should be compacted relatively firmly and with less intermediate cover,
to facilitate the generation and collection of the gas

The investment costs for power generation using landfill gas are in the region of US$14 to
2 8 per ton of waste, which is about 18 to 25% of the total investment costs of the landfill
The typical income range is US$0 01 to 0 08 per kWh Power generation is worthwhile for
large landfills in the USA and UK if the income from sales is above US$003 per kWh

Apart from possible financial benefits, there is the global environmental benefit from utilisa-
tion of the gas - the methane, with its strong greenhouse effect, is not released into the
atmosphere

Key factors in the success of gas recovery schemes are the presence of conveniently located
energy consumers, and the price that they are prepared to pay

DecLsions that are involved are

* whether to recover the gas at all

* whether the existing landfill meets the requirements for effective gas collection

* whether the extraction system should be installed and used during the placing of waste,
or only when the landfill is completed,

* whether to seek to increase the yield of gas by using enhanced bioreactor techniques

Landfill mining - the removal of decomposed waste from an old iandfill - costs around US$6
per m3 in USA, but in Germany costs of US$ 60 to 170 per m3 have been quoted
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5.4 Discussion
5.4.1 Landfills in general

Attention was drawn to the difficulties of upgrading existing sites if they are badly sited or if
they require remedial work at the base, below the waste. In reply it was suggested that the
policy of upgrading could be applied to landfill activities in a phased approach, each new
section being better than its predecessor

Upgrading should also be seen to include an element of remediation If it is decided to aban-
don an existing dump, it may be necessary to undertake some remedial work on it to reduce
its environmental impact, before it can be closed and left, and further supervision of the site
will be necessary In some circumstances such a remediated dump may now be suitable as
an upgraded disposal site, and there may be sound environmental and economic reasons for
continuing to use it after it has been improved Moving to a new site would involve the extra
problems of acquisition and, possibly, public opposition, and the old site would still require
aftercare

It was pointed out that, in some special circumstances, upgrading an open, burning dump
can worsen the situation with regard to water pollution Such a situation has been observed
in a semi-arid climate where dumps were located on cracked limestone above an important
aquifer When disposal was by uncontrolled dumping, the moisture in the waste was lost by
evaporation and burning, some of the organic material was burned, and the waste was prob-
ably fairly aerobic However, when partial upgrading (prevention of burning, levelling, com-
pacting in greater depths, and covering with soil) was introduced, leachate was visible at the
base of the site This was because the moisture in the waste was conserved by the new
procedures (less evaporation and no burning) and anaerobic conditions were developed in
the greater depth of waste In such situations an improvement on the surface can hide a
worsening of the situation underneath regarding water pollution Site specific factors should
not be ignored

A questioner wondered at what frequency deposited waste should be covered, if daily cover
was considered to be too expensive It was suggested that an alternative procedure would
be to cover waste whenever that particular area would be left for a while One of the func-
tions of cover is to control fly breeding, and if waste that is deposited one day is always
covered by more waste the next day, the flies do not have the opportunity to escape When
such successive layerng stops, the top layer should be covered by soil It was also pointed
out that cover soil occupies void that would otherwise be used for waste, and so the cost of
the volume occupied by the soil should be added to the cost of supplying and placing the
cover soil

On the subject of stepwise upgrading, it was observed that if an open dump is left alone,
the responsible environmental protection agency tends to ignore it However, If an attempt is
made to improve the standard of disposal operations at an existing site, government environ-
mental agencies become involved and may require very high standards (which may be judged
by others to be unrealistic in terms of operational cost, availability of skilled manpower and
political will) So there is the slightly ironic situation that if nothing is done, no one com-
plains, but if improvements are to be made there is criticism A similar situation may arise
with donors, who may say nothing if a polluting site is left alone, but if it is to be improved
- but not to standards current in the donor country - the project is opposed

National environmental protection agencies often adopt standards from other countries with-
out ensuring that they are appropriate, achievable, or even necessary There is often a need
for technical assistance in this field

The importance of considering the availability of resources needed for operation and closure
was stressed The development of landfills in industrialised countries has taken at least fif-
teen years, so it is not realistic to expect countries with scarcer financial resources to move
from uncontrolled dumps to sanitary landfills in a much shorter time
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Existing dumps should always be considered for upgrading and continued use in a better
way, providing that they do not threaten the groundwater Since the work involved in satis-
factorily closing an open dump is similar to upgrading in many cases, the upgrading-and-con-
tinued-use option should always be considered

It is not always possible to proceed up the disposal "ladder" Often the step from controlled
dumping to engineered landfill is a huge one Measures must be site-specific, based on an
assessment of local conditions It is helpful to divide operations and requirements into their
component parts in an effort to develop an upgrading strategy

There may be benefits in finding a new name to replace the term sanitary landfill The word
sanitary does not convey environmental concerns and is somewhat old fashioned, and the
term landfill has been assumed by some to mean that it always involves filling in low-lying
land or quarries The science and practice of waste disposal to land has developed a long
way since the term sanitary landfill was first coined In some ways the term engineered
landfill sounds more advanced, although it was placed below sanitary landfill in the ladder
The term landfill is used very carelessly in some quarters, being applied even to open dumps
(The term landraise has been used for disposal sites where the waste is above the level of
the surrounding ground An early British term was controlled tipping)

We ask the question "Can we afford to do it?" However, sometimes we should ask the
question "Can we afford not to do 0t,' thinking about the environmental or health conse-
quences, and using risk assessment techniques

It would be useful to have approximate values of costs for different types of landfills and for
different sized communities Variations in local factors make this difficult, but Philip Rushbrook
may have some useful cost data It was agreed that information on landfills for small com-
munities would be useful Another need is more information on co-disposal of hazardous
wastes

There was concern as to how the information being shared in the workshop would be passed
on to a wider audience The hope was expressed that the technical guidelines that Dr
Rushbrook and Mr Pugh had prepared would be widely used in Engineering Colleges, and
that this publication would be translated into different languages and made available on the
Internet

5.4.2 Healthcare waste

It was pointed out that healthcare waste comes from many activities and sources apart from
in-patient care in hospitals, so we should not consider figures per bed from hospitals as the
whole story

There was some discussion about the figures that had been presented for the generation
rates of healthcare waste Measurements for Mexico and Chile according to the CEPIS Proto-
col had been in the range 3 5 to 4 0 kg/bed day Generation rates vary greatly according to
the type of care or treatment that is being given It is expected that the handbook on
healthcare waste management that is being published by WHO Geneva will be launched
officially at the London Conference 1999 The London Ministerial Conference on Environment
and Health (EH) will be held on 16 to 18 June and will bring together ministers from the 51
member states of the WHO European Region The conference is held once every five years
and will finalise a broad range of new EH initiatives to be implemented by the WHO and
others In parallel to the conference there will be a 'Business Forum' and an NGO-led 'Healthy
Planet Forum', which will include a meeting on healthcare waste organised by the Interna-
tional Solid Wastes Association's Healthcare Waste Working Group'
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5.4.3 Leachate management

Much of the published experience on clay liners is from temperate climates, but such liners
in tropical and arid conditions may be particularly liable to cracking Since failure of liners is a
possibility, great importance should be placed on identifying sites where the integrity of the
liner is not crucial

In areas of high rainfall it is very important to reduce the volume of leachate produced by
covering the highest possible proportion of the deposited waste with an impermeable cover
In tropical climates leachate can be discharged to the environment sooner than in drier cli-
mates because of accelerated activity resulting from flushing, and dilution It is hoped that
more field data on leachate generation in semi-arid and tropical regions will be available
within the next few years

On the subject of treatment of leachate, the Guidance Notes suggest that sending the
leachate to a municipal wastewater treatment plant is the first option to consider The method
of costing for leachate treatment over a long period includes a factor for the reduction in
concentration with time

5.4.4 Landfill gas

The recovery of landfill gas from existing dumps is often not possible, partly because of the
lack of sealing and compaction The waste may never reach methanogenic conditions The
top cover soil of old landfills may convert methane to carbon dioxide One should never try
to get gas from a site that is burning Only well managed sites should be used for gas ex-
ploitation

Experience in Chile indicates that it is better to build stone chimneys as the waste is being
laid, rather than drilling wells when the site has been completed

It is usually not possible to reuse gas collection equipment when gas utilisation is no longer
economic on a particular site The pipes, valves etc are mainly buried and likely to be cor-
roded
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6. THE LOCAL SITUATION IN
BELO HORIZONTE

6.1 Solid Waste Management in the State of Minas
Gerais
The first talk concerned solid waste management in the state in which Belo Honzonte is
located, Minas Gerais This presentation was made by Dr Paulo Teodoro de Carvalho, Adjunct
Secretary for Environment and Sustainable Development

In Brazil as a whole 76 % of the solid waste is disposed of in open dumps, but there are
now many sanitary landfills Only nine of the towns in the state of Minas Gerais had sanitary
landfills, and eight had composting schemes In the state there had been growing public
pressure to achieve higher standards of disposal Proposals for improving disposal were pre-
sented to the mayors of 700 towns under the programme "Minas Plays Clean" 667 towns
had enrolled in the programme, and 70 of these towns were currently implementing prolects

The so-called "Robin Hood Law" was used to encourage higher standards of waste disposal
Under this law 1% (R$ 14M) of a tax on goods and services was distributed among towns
that provided satisfactory solid waste disposal for at least 70% of the population or
wastewater disposal for 50% To be eligible, communities must also have a municipal envi-
ronmental committee and a technical unit For some communities this grant is a major source
of revenue (The grant allocated to a particular town cannot be higher than the investment it
has already made)

6.2 Solid Waste Management in Belo Horizonte
presented by Sinara ChennaTechnical Assistant of the Superintendent of Cleansing, SLU,
Belo Horizonte

6.2.1 Overview

The city has been operating sanitary landfills for 18 years

There had been many problems of construction and demolition (C&D) wastes being dumped
illegally, so plants are being set up to receive and recycle this material Two plants had been
implemented so far, and two more were planned They were being set up at locations where
waste had previously been illegally dumped

The first site at Estoril was ready in November 1995 but could not be used for one year
because of the opposition of local residents The second (Pampulha) was actually requested
by local residents The recycled material was being used to make paving and blocks

Green waste from tree trimming and organic waste that was collected separately were
composted in a simple plant

SLU had 6000 employees Individual development of the workforce was being promoted by
* a literacy programme

* a social function programme, combating alcoholism and other social problems

The SLU produced an internal newsletter for its employees and stimulated involvement in
the arts by promoting sculpture using materials taken from the waste, providing panels for
murals on the sides of refuse collection trucks, and sponsoring a choir

The oblectives of this programme are

* proper management of waste

* waste reduction

* poverty alleviation
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It was a programme of communication and social mobilisation that aimed to promote clean-
liness of public areas and reduce resistance to the siting of waste disposal facilities It in-
cluded theatrical performances, a band, carnival costumes made from wastes, and other
events

6.2.2 Discussion

In the discussion the following points were made

* Twelve composting plants had been closed in the State, but simple composting plants
for smaller towns had proved sustainable These small plants used simple equipment
that is designed for the mining or agricultural sectors and that is easily maintained The
plants cost about $30 000 These plants should not be expected to generate profits (lust
as no one expects a landfill to make a profit I The agricultural sector needs the compost
and landfills can pose long-term environmental threats

* Municipal administrators come and go, so it is important to develop public support for
waste management so that there is continuity in spite of changes in the administrative
hierarchy

* On the subject of costs - the SLU spends RS 60 million per year, which is 9% of the
budget of Belo Horizonte The cost of waste collection had been reduced from $34 per
ton to $22 per ton The cost of street sweeping was about $27 per km Recycling of
construction and demolition waste cost about $9 per ton

* The municipal solid waste services are financed from a property tax levied by the state
SLU was currently seeking investment capital for a new landfill

6.3 Site visits

6.3.1 Estoril recycling plant for construction and demolition waste

This site was surrounded by housing, and had previously been inactive because of commu-
n ty opposition, so special measures were taken to reduce any nuisance

* the site was operated only during office hours

* modifications had been made to reduce the noise coming from the machines

* dust was minimised by using fixed sprinklers and hoses

* a garden and trees had been planted

Incoming loads were first checked to see that they contained C&D wastes, then any metal
items were separated out manually before the waste was fed to a crusher

6.3.2 BR 040 landfill

This was a huge and very neat landfill that received 4200 tons of domestic and hospital
waste each day The general design is based on bioreactor principles with leachate collection
and recirculation Hospital wastes were deposited in a special, fenced cell The first general
cell to be used on the site was not lined, but it appeared that the base had been virtual y
sealed by chemical occlusion since the leachate appeared to have penetrated only 300mm
The bases of later cells were sealed with clay

Waste was deposited in cells 20% of the leachate was recirculated in order to accelerate
decomposition After four years the decomposed waste is to be removed to make way for
more waste The decomposed material is not very good as soil condition because its NPK
content is rather low and it is high in hydroxides There is no odour problem from the de-
composed waste when a cell is opened because high alkaline leaching is carried out before
the cell is opened The site roads were sprayed with fresh water to control the dust, the
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Environment Department had banned the use of leachate for this purpose because of the

smell

Leachate was treated by both biological and physico-chemical methods

The operating cost of the site was estimated to be $ 5 per ton, including plant hire and staff

costs The site was being operated using eight 15 - 20 ton bulldozers

The generation of electricity utilising landfill gas had been abandoned

The life of the site has been set at 20 years in the expectation that technical improvements

developed during this period will make the site obsolete after this time

6.3.3 Contagem landfill

This site had been constructed one year previously, with finance from the World Bank Con-

struction had included a clay base It was accepting 420 tons of household waste each day

The input of waste was being restricted by a $ 40 per ton charge on non-household wastes,

in order to maximise the life of the site Leachate would be treated at a municipal wastewater

treatment plant when it was operational

6.3.4 ASMARE Recycling separation centre

This was a dynamic organisation of waste pickers supported by the SLU and other organisa-

tions Benefits to the members included personal dignity, freedom from harassment by the

police, housing, and literacy and skills training This visit made a profound impresston on the

workshop participants, because of the impact of the centre on the lives of its members
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7. SUMMARIES OF INFORMAL
PRESENTATIONS

7.1 Waste and Citizenship
presented by Kata Campos

This presentation described a Brazil an programme involving a wide range of agencies at
national, state and local level, which has the following objectives

* To help to eradicate the practice of children and adolescents working as waste pickers on
streets and disposal stes,

* To Improve the health of children living on disposal sites,

* To improve waste disposal practices,

* To improve the living conditions of families invoived in waste recycling,

* To inform public opinion regarding waste management, leading to the formulation of
public policies,

* To assist in the development of an intersectoral approach to solve environmental and
social problems related to solid waste management

To work towards these objectives a "National Forum on Waste and Citizenship" was estab-
lished, comprising 19 member institutions, including commercial and professional institutions,
banks, government ministries and agencies, religious groups, institutes and UNICEF

It is cifflicult to know how many people are involved in waste picking in Brazil, because many
of the activities take place at night, local administrations have little information, and the num-
bers involved fluctuate accorcing to season and economic conditions Studies in more than
a dozen cities have shown that children are heavly involved, and this leads to dropping out
from schools, adolescent pregnancy, drug abuse and other problems Many children are raised
on disposal sites Waste pickers look for food for their own consumption as well as items
they can sell Children from such backgrounds do not know how to use a toilet or eat at a
table, and so may be rejected by normal schools

The prolect seeks to promote the social organisation of the waste pickers and to meet the
basic needs of housing, health and education It also seeks to improve the standard of dis-
posal operations and stop the practice of waste picking at these sites Past attempts to re-
train waste pickers have not been successful, in fact many have skills or trades but cannot
find employment in these sectors

To be successful, the activities should be far-reaching and mobilise people, involving trainig
for the professionals involved, identifying sources of ftnance, applying appropriate technolo-
gies and producing incomes for the families involved Co-oroination between all levels of
government, the involvement of non-governmental agencies, and attention to legal aspects
are all impor-ant Television has been used to good effect to aise these issues in the pubilic
mind

The project aims to be a benign virus - small, but having a major impact on society

7.2 Design of a low-cost landfill
presented by M P Pugh

Mr Pugh described a training course that he had conducted in Ashgabat, Turkmenistan in
1997, as part of a UNDP Solid Waste Prolect A special feature of the programme was that
the participants were actively involved in preparing plans for a sanitary landfill The course
participants had a range of backgrounds, but unfortunately the person with a civil / highway
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engineering background was called away and could not participate, so the engineering as-
pects were undertaken by Mr Pugh, who also provided extra information for any engineer
who might subsequently be involved

After a thorough consideration of factors affecting siting, the current dumpsite had been cho-
sen as the preferred site for the planned sanitary landfill because it posed no significant threat
to water resources The parts of the resulting plan that were produced in English were circu-
lated to participants at the workshop

The following guidelines were suggested for the process of designing landfills
* Think about the local capabilities for operation and maintenance

* Consider the possible after-uses of the site

* Control the movement of water into and out of the site
* Address waste picking positively

* Keep it simple

7.3 COMLURB, Rio de Janeiro
presented by Jose Penido Monteiro

This presentation described how a huge open dump near Rio de Janeiro had been converted
into a sanitary landfill, and how waste pickers had been assisted and organised

The disposal site receives about 8000 tons of waste each day - 80% of the waste from Rio
de Janeiro and four adjacent municipalities It was first used in 1977, but in its early days was
uncontrolled and permanently on fire The workshop participants heard how it had been
equipped with a barrier of clay, two peripheral roads and a leachate collection system, being
operated by a local construction company, which was charging $4 per ton of waste received
(the fee including repayment of the $10 million investment costs)

Leachate was being managed separately from rainwater The leachate was being recirculated
Water was sprayed on the site roads to control dust Landfill gas was being flared, but it was
expected that soon a local utility would use the gas to generate 12 MW of electricity A
special secure cell was used for hospital waste The site was also furnished with two weigh-
bridges and an environmental education centre

Two covered areas had been provided for waste recycling Each was equipped with a picking
belt and operated by a co-operative, which received all the income from the operation
COMLURB is working to reduce waste picking by children

Other initiatives included efforts to encourage household separation into wet and dry streams
and a special collection of cellular phone batteries (These batteries were beng taken to a
hazardous waste landfill since encapsulation in concrete had not been feasible

7.4 Recife Metropolitan Area
presented by Mariluce Zepter Valenca

The Metropolitan Area of Recife has a population of over 3 million (which represents nearly
40% of the population of the State of Pernambuco, N E Brazil) It includes 14 municipalities,
with no clear boundary for the urban area Each municipality had its own dumping site, but
there were no sanitary landfills The basic objectives for waste disposal were suggested to
be
* Reuse of recyclable waste, including organic matter which is about 64% of the waste

* An environmentally adequate method of disposal, and

* A reduction in the volume of waste requiring disposal (thus saving on transport and landfill
requirements)
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The following "macro" guidelines for identifying suitable sites for landfills had been identi-
fied

* Protection of natural ecosystems - beaches, marshes and water sources

* Protection of surface and groundwater
• Protection of urban areas and populations from adverse impacts such as smells, noise,

and increased traffic loads

* Minimisng of transport requirements (sites should be near to roads), and

* Use of areas already used for waste disposal (Some of the existing dumpsites are
hydrogeologically satisfactory)

Using these criteria six satisfactory sites had been identified Each could serve two or three
municipalities

The next problem was to develop institutional arrangements to enable municipalities to work
together in disposing of waste This includes financial and legal arrangements and mecha-
nisms for involving the private sector A Development Council including mayors and repre-
sentatives of state government is charged with develooing the necessary working arrange-
ments The role of this council is to make decisions on ssues designated as "public func-
tions of common interest", disposal of solid waste is one of these Issues Sanitation and the
environment are the responsibility of one of the four Chambers which prepare recommenda-
tions for the Council Each Chamber has twelve voting members - sIx representatives from
the public sector and six from the private sector (including universities and NGOs)

7.5 Fortaleza
presented by Cyro Vieira

This presentation was concerned with waste management in a metropolitan region in Ceara
State in Brazii The area had a population of 2 7 million and consisted of 12 municipalities

There had previously been one large open dump, but this had been closed because of con-
cerns regarding the pollution of the adjacent river, and replaced by three new sanitary
landfills, on the western, southern and eastern sides of the metropolitan area These new
landfills featured site roads, gas collection, parking areas, weighbridges, leachate treatment
and peripheral green belts Close to the former site the following facilities had been con-
structed
* A transfer station capable of handling 2400 tons per day
* A recycling centre, managed by a co-operative, with a capacity of 240 tons per day, and

* An incinerator, able to burn 15 tons per day

7.6 Mechanical and biological treatment before landfilling
presented by Anla Wucke

This presentation concerned a GTZ project that had just started The project is concerned
with pretreatment of solid waste before it is landfilled so that the environmental impacts of
the landfill are reduced The GTZ project aims to compile information, enlist local partners,
undertake pilot scale trials and provide training

The basic concept is to form a stabilised product from the solid waste so that the waste
occupies less volume, produces less gas and produces smaller quantities of a less polluting
leachate

This approach has been practised for 3 to 5 years in Germany, Switzerland and Austria Expe-
rience shows that the volume of the solid waste is reduced by one third and the gas produc-
tion is reduced by up to 99% so that it might not be necessary to install a gas collection
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system A method of windrow aeration by passive ventilation has been developed that uses
convection currents set up by temperature gradients within the waste

GTZ intends to produce a newsletter to inform anyone interested about the progress of this
project

7.7 Separation at source and composting
presented by Inge Lardinois

This, the last of the informal presentations, reported preliminary results of investigations into
schemes where wastes are separated at source, and some composting prolects

Separation at source was defined as the practice of setting aside post-consumer residues
and (discarded) household goods so that they do not enter mixed waste streams, for the
purposes of recycling, reuse and improved waste management It does not include picking
from mixed wastes

Two basic types of scheme were distinguished - customary and institutional

Customary refers to habits of giving, barter and sale of (waste) resources which have been
known In all socleties and which persist mainly in the resource-scarce economies today

Institutional refers to recently organised interventions to implement separation at source by
waste generators, sometimes to revive, Improve or extend customary practices Institutional
schemes are usually organised by municipalities or NGOs

A number of differences were noted between the different schemes that were studied There
were wide variations of scale, and different types of material were of interest in different
places Sources of income varied considerably - different products being the main sources of
sales income and various sources of subsidy

The general conclusions regarding separation at source were summarised as follows

* Separation at source is not a goal but a means there should be a net environmental or
health benefit and it should be cost-effective

* The interface between customary practices and institutionalised systems is important, if

it is not taken into account conflicts between various waste management actors can eas-
ily occur

* The unit costs (e g cost per ton) of institutional systems are high

* Institutional systems cannot be financed from the sale of separated materials only

* Environmental education is important when setting up new systems

* The markets for the recyclable materials are crucial to the success of any scheme

* New schemes should be based on existing practices

Composting schemes can be classified according to the type of organisation that operates
them - local government, NGOs, private enterprise or public-private partnership There were
big differences in capacities - some less than 5 tons per day and others more than 50 Few
of the bigger schemes had proved sustainable

Some of the common aspects of the schemes studied included

* Financial and marketing aspects are often neglected (especially in schemes run by NGOs
and municipalities)

* The level of success depends very much on the institutional (political) framework, and

* Few had adapted their product quality (for example, the purity or the fineness of the
compost) to the requirements of potential clients

40



Workshop Report Upgrading Options for Lower- and Middle-Income Countries

Small-scale systems have several advantages over large schemes Among these advantages
are

* Because of their visibility and closeness to the citizens, they are important instruments in
environmental education campaigns,

* They are labour intensive, and therefore well suited to low-income countries and the in-
formal sector

* The compost they produce does not need to be transported over long distances since
the demand of local consumers Is often enough to absorb all production

Some of the disadvantages that were observed were

* Since the plants are often located in residential areas they often face opposition from
neighbours (the NIMBY syndrome)

* They cannot afford the services of specialised personnel (In the fields of f nance, market-
ing and microbiorogy for example)

* They do not benefit from economies of scale

Since most compost plants handle only a small proportion of the wastes generated in the
area, the individual contribution of such schemes to the total waste disposal problem is small

The following factors were identified as likely to favour the growth of composting in the
future

* Waste disposal is beginning to attract more attention, and the satisfactory alternatives to
composting are seen to be sanitary landfilling and incineration, incineration is very expen-
sive and unsuitable for wet wastes, and sites for sanitary landfills are difficult to get,

* Environmental awareness is growirg, the wastage of natural resources is being ques-
tioned more and more, and organic agriculture is becom,ng more accepted in some quar-
ters

* Subsidies on artificial ferilisers seem to be disappearing slowly, making compost more
competitive
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8. CONCLUSIONS OF WORKING GROUPS

8.0 Introduction
Participants divided into four working groups, each looking at one aspect of disposal The
agreed dtvision of topics was

* technical issues

* financial issues

* institutional issues and

* social issues

In practice it is not possible to separate all issues into these four categories since there are
n-any interrelationships between them The main focus of the discussion was final disposal,
but points relating to waste collection and other aspects of solid waste management infil-
trated the discussion from time to time

Each group was asked to consider four fundamental questions

? What are the key problems in this subject area facing lower- and middle-income cities/
countries?

X What technical and organisational improvements can be achieved in the short and me-
dium term?

? What are the group's recommendations on policies, legislation, standards and phasing to
achieve improvements in this area?

? What guidance is needed? For whom? Is it currently available?

One member of each group presented the group's f ndings to the last plenary session and
another member of each group prepared a written report These written reports follow

8.1 Technical Issues
Summary prepared by Chris Zurbrugg

8.1.1 Key problems and possible solutions

The working group structured its d scussions according to the sequence of a landfill prolect
- first siting and investigation, then design, and finally, construction and operation

Siting a new landfill
* Restricted availability and accessibility of land for siting a landfill, due either to legal restraints

or competing land use A tool to overcome these def ciencies is land use planning, which
implies future planning with proper timing If a site has been carefully chosen according to
the chosen criteria, an important step is the negotiation for acquisition of the land

* Public opposition (NIMBY) It is essential to create a level of trust between the public
and the institution responsible for waste disposal This levei of trust can be achieved by
an early involvement of the public by means of a pubiic participation programme

* Lack of a competent team involved in the siting procedure To improve this situation it
is necessary to create a planning function in the authority which can take care of all as-
pects of planning the siting process This group should then also have the competence
to set sitng criteria and decide upon the priorities of the selected criteria However if
there is a shortage of technically quaiified people, it would be necessary to seek help
from outside the muncipality - as a short term solution - and to establish a training pro-
gramme to ensure the necessary skills in the long term
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* Time and financial constraints The problem of insufficient time for the investigation of
a site can be resolved by ensuring optimum planning of the whole siting-investigation-
design-construction sequence By prioritising issues in the investigation and setting up a
proper investigation programme, much time can also be saved However reducing the
cost of investigation studies seems more difficult It was agreed that one should always
put the cost of the investigation in relation to the total costs of the prolect and not sac-
rifice necessary investigations for the sake of saving costs Spending more during the
investigation may save high costs in a later stage If it is not possible to significantly re-
duce the costs of investigation, it may be necessary to be able to justify the costs clearly
It may be possible to reduce costs by using existing data, if it is of good quality

Design of new landfills and remediation of existing disposal sites
* Appropriate standards The working group discussed standards at length but could not

agree on a particular set On one hand its was argued that the authorities should avoid
specifying parameters in detail to allow the designing engineer to be creative and come up
with appropriate solutions The opposing argument was that the standards would be set by
the EIA conducted in an eariier phase It was agreed however that it is necessary to agree
on a set of minimum criteria to ensure the phasing out of uncontrolled dumpsites

* No agreement on appropriate technology e g leachate management and gas recovery The
overall objective shou d be to ensure a sustainable technology To enable sustainability, the
technology must match the financial and human resources (skills) available

Construction and operation of new landfills and existing disposal sites
* Delays in construction due to bureaucracy (permissions, licences. permits) This can be

avoided by knowing the system well beforehand and planning accordingly

* Lack of proper quality service by the contractor Failure to obtain the required quality from
the contractor suggests the need to establish a proper contract procedure and proper con-
tracts If the problem is the lack of contractor skills, it s necessary to import skills from
elsewhere on a short-term basis and ensure effective capacity building for the long term

* Lack of suitable equipment and inability to maintain and operate it In a sense this can
be regarded as a financial constraint that must be tackled by solving the problem of inad-
equate financial resources However it is very important to select appropriate equipment,
as this will strongly influence the ability to operate and maintain it To ensure mainte-
nance and replacement it is necessary to develop maintenance procedures and ensure
financial provisions for replacements (both aspects of proper planning)

* Lack of operational control, eg burning, scavenging and disposal of hazardous wastes
An environmental and operational plan is the key to this problem However if such a plan
s available it must be well supervised, properly enforced and audited regularly To ensure
a continuity of operational control, public support, laws, long-term contracts and a master
plan were suggested A major prerequisite for good operation Is a well-trained site opera-
tor Incentives should also be given to encourage improvements

Other issues
* The lack of political will for improvement was regarded as a major probem Political will

can be regarded as the most important prerequisite for solving current problems of waste
disposal Deriving directly from this lack of political will is a lack of legislation and regula-
tions, and their enforcement The first step for improving a deficient situation of waste
disposal is to develop political will through national or international pressure

* The lack of financial resources was recognised as a hindrance to improvement efforts at
ali levels of landfill disposal This lack is strongly related to the lack of political will for
improvement

* The lack of skills and technical knowledge among municipalities and contractors can also
be regarded as one of the major obstacles to the improvement of the current situation
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Key Points

* Ensure a long-term waste management strategy and plan

* Set up a permitting system (technical framework)

* Recognise the fundamental importance of good landfill siting

* Provide guidance for setting technical standards

* Ensure that all landfills have Ii) an operation plan, (li) a remediation plan, and (Ill) a
closure plan

8.2 Financial Issues
Summary prepared by Adrian Coad

8.2.1 Key problems

The following problems were identified as constraints to development of satisfactory disposal
systems

* a lack of national policy

* confusion over institutional responsibilities - with respect to raising revenues and taking
initiatives, particularly in large metropolitan areas where there are many municipalities

* low priority for solid waste management (compared to other services such as water sup-
ply) when budget allocations are decided Within solid waste management, disposal has
a lower priority than collection, perhaps because it is less visible

* frequent changes in political administration - new mayors unwilling to support the com-
mitments of their predecessors

* inadequate financial records - it is often difficult to separate expenditures on waste dis-
posal from spending on other municipal services

* weak local financial planning and management

* political pressures preventing cost control measures and the implementation of financial
plans - as, for example, when politicians give relatives or supporters jobs in the munici-
pal workforce

* reluctance of the private sector to be involved because of fears that payment will not be
regular, and a lack of suitable institutional environment

* reluctance to charge gate fees at disposal sites because of the fear that this will encour-
age unauthorised dumping elsewhere

* technical solutions which are beyond the financial means of the community to support,
and a lack of willingness to commit funding because of negative experiences with inap-
propriate technology

* the public's lack of willingness to pay for disposal ("out of sight out of mind'")

* operation and maintenance costs tend to be underestimated or ignored, resulting in fre-
quent failures and under-utilisation of capital investments

8.2.2 Recommendations

At the national level there is often a lack of policy relating to the provision of realistic rev-
enues for solid waste management National policies should facilitate the collection of user
fees and endeavour to maintain stable levels of transfers to local government to enable them
to plan effectively Local government bodies should have sufficient autonomy so that they
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can raise revenues in different ways and up to levels that are considered necessary Central
government should also assist municipalities to develop improved methods of accounting
that allow cost control and provide needed management information

A national strategy should include

* Identification of (or a methodology to identify) priorities and hot-spots

* Achievable standards and a realistic programme for achieving these standards

* Access to funds for municipalities (e g environmental funds and municipal development
funds) Local government can be encouraged to improve disposal operations with the help
of matching grants (an investment from national government equal to the sum to be pro-
vided by local government) to support the closure of unsatisfactory dumps and the crea-
tion of sanitary landfills

* Provision of new revenue raising instruments to local government The following options
for revenue generation were mentioned
* a waste management tax, which could be charged directly and alone, or as a surcharge

on electricity or water bills, or on a property tax,
* licence fees collected from commercial operations,
* general municipal revenue,

* transfers from central or state government,
* volumetric tariffs (such as a charge per sack)

* Income from large generators and prosperous areas should fully cover costs and if possi-
ble provide some cross-subsidy Fee collectors should be paid incentives to encourage
high collection efficiencies

* Means to facilitate private sector financing

* Resources for communication, education and information campaigns

* Technical assistance to strengthen municipal financial planning systems, and to collect and
disseminate good cost data

At the local level there is often a need to improve the accounting systems so that the true
cost of the solid waste management service, and its constituent parts, can be known This
will often require training Solid waste management should be regarded as a cost centre,
with segregated accounts, so that specific cost data are available In addition to good cost
data it is also useful to have reliable data on waste quantities, and this is best obtained using
a weighbridge at the disposal site Information on costs and performance indicators should
be used to suggest ways of reducing expenditure When coupled with improved cost recov-
ery, these improvements would enable better financial management and planning Waste
minimisation measures should be considered as a way of reducing costs

Forms of guidance and external assistance that could assist in improvements include

* guidelines for improving accounting procedures and management information systems

* assistance in the development of training programmes for accountants

* development and comparative assessment of local finance models that indicate the im-
pacts of the various components on the local costs of waste management services and
that allow preliminary estimation of the costs of disposal systems

* assistance in developing or improving systems for raising revenue

* repackaging of existing guidelines and reference material into short, attractive brochures
that discuss specific issues and are aimed at particular levels of the management hierar-
chy

* true autonomy for waste management authority with respect to fund management (e g.
reserve funds), and access to borrowing
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Other related issues were identified as having an important impact on financial management,
even though they are not themselves financial issues

* There was considerable discussion on how to bring waste disposal up the list of priori-
ties for funding Methods that were suggested included presentations for decision-mak-
ers (the WHO European Centre for Environment and Health is collecting photographs of
disposa sites for this purpose), the setting of standards for disposal and the development
of national strategies, and the opportunistic use of incidents that attract publicity Public
awareness was seen to be crucial in raising the priorty of solid waste management in
the determination of budget allocations, as well as in improving payment of local taxes or
waste management charges Public involvement might also be increased by the produc-
tion of an annual brochure, reviewing progress and summarising expenditures

* Care must be taken to choose technologies that are appropriate to the local situation, in
order to avoid wastage and unnecessarily high capital expenditures

* Partnerships with the private sector bring many advantages, but the strengthening of
municipal administrations to manage the contracting process should not be ignored

* The same technical and service standarcs should not be imposed everywhere, it may be
necessary to reduce standards in some cases to suit the available finances

Key points

* A national strategy is needed to promote the implementation of satisfactory and
affordable disposal methods by means of selective financial support

* Municipalities should be free to raise sufficient revenue using a wide range of pos-
sible mechanisms

* Methods of cost accounting should be improved to give clear information about ex-
penditures on solid waste disposal and to facilitate cost control

* Waste management operations need segregated accounts anc stable incomes to
enable effective planning and management

* Requirements for funding operations and maintenance should be considered from
the beginning of the planning stage, and if sufficient resources are unlikely to be
available for operation, a more affordable alternative should be selected

8.3 Institutional Issues
Summary prepared by Ato Brown

8.3.1 Context

Minicipalities or local governments are generally responsible for the provision of services
which nclude waste disposal However, there are other complementary public agencies and
sectors as well as the civil society involved in the delivery of each service A discussion of
institutional issues is therefore related to the roles and responsibility of municipal and other
complementary agencies (across the municipality and at various levels of governmentl

8.3.2 Key Problems

Seven cluster problem areas were identified, as follows

* Lack of capacity for planning and management

* Lack of overall institutional and regulatory framework for integrated waste management

* Inadequate budgetary provision for waste management and particularly for waste disposal
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* Excessive reliance on inappropriate external solutions and standards

* Inadequate community awareness and social control

* Lack of political will, continuity and accountability

* Inadequate private sector capacity to meet public sector deficiencies

8.3.3 Strategy for short- and medium-term resolution of problems

Ii) Overview

In the short term (2-3 years) and in the medium term (3-7 years) the two critical problem
areas that sector participants can influence are

* Lack of capacity for planning and management

* Lack of overall institutional and regulatory framework for integrated waste manage-
ment

The resolution of these two problems is fundamental to the resolution of the other five
problems listed above

0l) Objectives

* Strengthen municipal professional capacity and facilitate accelerated training for all ac-
tors (local to national levels)

* Raise the solid waste management agenda with decision makers

* Establish mechanisms for gathering information for future planning

(iii) Strategies

* Partnership with community and private sector
* Enhance private sector involvement in service delivery, media campaigns and

sponsorships
* Municipality maintains overall responsibility for services and in particular planning

and regulation and setting of standards
* Modify the polluter-pays principle to address aspects of social inequity

* Clear definition of institutional roles and regulatory framework
* Identification, adaptation and adoption of relevant best practices
* Institution of awards for best practices and initiatives (eg recycling)

* Build awareness through extended consultations and media campaigns
* Look for and popularise success stories through the media and the web
* Enhanced consultations with stakeholders
* Introduce letters to citizens from Mayor

* Redirection of available national and municipal resources
* Municipalities should set the right examples and lead the way in promoting initia-

tives
* Adopt cost-effectiveness strategies

(iv) Thematic Focus

As a minimum the focus should stay with proper management of existing disposal sites
through

* upgrading of existing open dumps to meet designated minimum standards

* identification of better sites, and

* promotion of waste reduction programmes
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8.3.4 Recommendations concerning policy, legislation and standards

(I) Policy

Principles
Keeping in mind the short- to medium-term objectives of strengthening the planning and
management capacity at the municipal level and raising the MSWM institutional agenda
with decision makers, the following policy principles should prevail
* Keep in mind individual and community right to make choices

* Every initiative should be environmentally sound, socially acceptable and economically
feasible

* Ensure technological consistency and stimulate maximum participation

Areas Requiring Policy Formulation or Strengthening
* Training and education at all levels

* Goals in service provision
* Reduce, reuse, recycle
* Public awareness
* Final disposal
* Treatment options

* Financial cost recovery

* Roles and responsibilities of all actors at the municipal level and in complimentary
institutions

lil Legislation

Objectives regarding legislation
* Clarity

* The fewer laws, the better

Areas requiring formulation or strengthening of legislation
* Environmental legislation

* Enforcement of existing regulations

* Regulation of services
* Revision and adjustment of existing regulations
* Establishment or completion of regulatory framework (especially in the emerging

area of private sector participation)

(iiil) Standards

Principles
* Set achievable standards that can be progressively upgraded
* Adopt stepwise standards
* Standards should be based on good science, and be detailed and transparent
* Standards should conform, in principle, to international standards

Areas requiring formulation or strengthening of standards:
* Environmental standards

* Targets for disposal improvements
* Targets for waste reduction

* Service Standards
* Pedormance monitoring - quality of service, cost and productivity
* Standards for waste disposal facilities
* Standards for operation of disposal facilities
* Development of management information systems (MISi for sectoral monitoring
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(iv) Phasing Strategy

Principles
* Take into consideration available financial and other resources

* Base strategy on priorities - keeping the goal in mind but doing first things first

Guiding Instruments
* Strategic planning

* Integrated waste management concept

* Working and learning from best practices suitable to the local reality

Timeframe
* Adoption of AGENDA 21 phasing strategy

* Short term 2000
* Medium term 2005
* Long term 2025

Underpinning Elements
* Public awareness

* Institutional development

* Gathering of relevant information for future planning

8.3.5 Guidance Material

Target groups
* National, Regional and Local Decision Makers

* Technical staff of municipalities, ministries, research institutions and civil society organisa-
tions

* Service providers

Suggested list of materials
* Information on the extent of current problems (depicting the global status quo, the extent

of the problem and the cost of inaction)

* Model documentation
* Institutional framework (national, regional and municipal, and linkages)
* Policy principles
* Service standards
* Legal framework, bylaws, etc

* Environmental Impact Assessment (EIA) statement for landfills

* Instructions for establishment of Management Information Systems (MIS) for sectoral
monitoring

* Information, Communication and Education (ICE) Guides

* Instructions on preparation (or information on location) of existing of fact sheets, web
sites, discussion groups, regional meetings, country consultations

Existing guidance material
The following organisations were identified as potential sources of guidance material

* RESOL

* SKAT
* MELISSA
* CEMPRE
* UMP/RAU
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Proposed Strategy
Development of a network linking professionals and decision-makers regionally and possibly
globally The challenge now is for the Collaborative Working Group to facilitate the financing
and capacity building of the network

Key points

* There is a clear need for building capacity in planning and management

* The lack of an overall institutional and regulatory framework for integrated waste
management is a serious constraint on waste disposal

* Training and the development of awareness are needed at all levels

* Appropriate and incremental environmental and service standards should be intro-
duced and applied

* Networking among decis:on-makers and professionals should be improved

8.4 Social Issues
Summary prepared by Inge Lardinois

8.4.1 Key Problems:

Ii) Waste pickers at dumpsites and on the streets The main problems raised were

* children are involved in this type of work, which is not acceptable

* need for partnerships involving private and public sectors, NGOs and CBOs

* lack of data regarding their health, living conditions, work organisation, etc

* waste pickers have a low status in society

* it is difficult to organise waste pickers
* since waste picking is closely related to the lack of other unemployment opportuni-

ties, new waste pickers are often arriving at the sites
* waste picking at dump sites can be dangerous for the waste pickers themselves as

well as for the employees on the dump site
* dangers for the street pickers are less, but often their work is not appreciated by

the public

However, waste picking is an important economic and environmental activity For exam-
ple, the waste pickers in Brazil collect more recyclables than the municipal separate col-
lection systems

(il The NIMBY (Not In My Backyard) effect - public opposition to disposal sites

(li) The lack of awareness of both public and politicians regarding solid waste management,
especially the health risks, different technologies available, costs, role of waste pickers,
and payment for the services provided Everybody has a responsibility in waste manage-
ment

8.4.2 Technical and Organisational Improvements

Regarding waste pickers

* Waste pickers can be organised into associations or co-operatives in co-operation with
NGOs, CBOs, municipalities, religious organisations and others The activities and the level
of self-reliance varies from place to place depending on factors such as the democratic
nature of the municipality, the stage of the organisation of the waste pickers, and the
financial resources available to support the initiative
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* Dumps can be turned into controlled landfills as part of the upgrading process towards
becoming a sanitary landfill This can discourage the arrival of new waste pickers and
provide an opportunity for regulating the activities of the waste pickers on the disposal
site, if it is not possible to arrange other employment opportunities for them

* Waste pickers could be employed in source separation schemes or at recycling plants.

* When no other alternatives are available for the waste pickers at the dumpsites, their work
can be regulated and controlled by allowing them work on a certain part of the disposal
site for a certain time

* Training is needed for the waste pickers when they are integrated in the formal system

* Improvement of working and living condttions of waste pickers should take into account
the lessons learned from different experiences throughout the world Nevertheless, there
is no standard recipe and so experiences that are not compatible with the local reality
should not be copied

Regarding the NIMBY effect

* Public opposition to the siting of waste disposal facilities can be reduced by a transparent
and participatory decision-making process, and an open attitude from the municipalities,
combined with intensive environmental education campaigns and social mobilisation, as
well as by compensations (e g building of community facilities, provision of "host com-
munity fee")

* Sociologists should participate at the very beginning of the planning of a project This can
help to minimise public opposition

Regarding awareness-raising programmes

* Decision makers (mayors, councillors) and technical staff in the public and private sectors
should be taught to respect, understand and support waste picking activities Training
programmes targeted for the different groups are needed Social issues should also be
included in general waste management training programmes

* Environmental education programmes directed at different sectors of the public are
needed to change behaviour and to ensure adequate participation of the public in the
waste management system

8.4.3 Recommendations

* Need for research on waste picking activities (health conditions, income, presence of chil-
dren, level of literacy, cultural aspects, forms of organisation, housing, numbers of waste
pickers etc) One good example is UNICEF's initiative Waste and Cltizenship

* Need for a multidisciplinary and multi-sectoral approach in waste management plans to
address the problems

* Need for the elaboration of minimum standards in accordance with the realities faced in
developing countries and not importing western standards blindly

* Nevertheless, legislation alone is not a guarantee One form of social control is the sign-
ing of agreements amongst Public Attorney Offices, governments and CBOs or NGOs

* During the preparation of master plans, employment and income generation should be
taken into account

* Decision-makers and technical staff at government and private levels, as well as council
representatives, should be taught to respect, understand and support scavenging activi-
ties So a training programme for these target groups is needed

* When negotiating (financial) resources for a particular city, national and international fund-
ing agencies should pay attention that the city is addressing the social issues involved
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* Project preparation teams should include a social scientist from the very beginning of the
prolect (Generally, this seldom happens ) These social experts are often called upon to
put out a fire, i e after problems have arisen A preventive and proactive approach is pref-
erable

* Tax incentives for the recycling industries are needed as a way to encourage recycling
schemes and job creation

* Each municipality should have a team responsible for the environmental and social mobi-
lisation of the population An ongoing educational process should be implemented ad-
dressing misconceptions such as the confusion of open dumps with sanitary landfills and
important issues like waste minimisation etc

* Waste management policies and plans at all government levels should address social
issues and follow a multidisciplinary approach

* Involvement of NGOs and the private sector is important, governments cannot solve the
problem on their own

8.4.4 Needs for Guidance and Support

* Some countries may need support for the production of guidelines, folders, educational
materials etc Others may need to get what is already available organised and dissemi-
nated

* Materials available should be part of a comprehensive plan to address the problems A
clear dissemination policy should be outlined as a way to make these matenals reach the
right people in an effective way

* Materials should be used in a creative way, presented in a way that takes the cultural
features of people being addressed into account, so that people's minds and hearts are
reached

* Besides written information there is a need for audio-visual materials (video, television,
radio, theatre etc )

* The need for networking and exchange of information was stressed

* In Brazil a kit for organising the waste pickers into co-operatives has been prepared by
CEMPRE (Cooperar Reciclando, Reciclar Cooperando)

Key points:

* Activities of waste pickers should, if possible, be integrated into waste disposal op-
erations

* A transparent and participatory decision-making approach should be followed when
sitng landfills to reduce NIMBY problems

* Environmental education programmes need to be part of waste management plans

* Multidisciplinary teams should develop waste management policies and plans and
social experts should be included from the beginning

* Decision-makers (mayors, councillors, etc ) should be made aware of the positive
aspects of waste picking

* Sharing of information and networking is important many written materials exist and
can be adapted in a creative way for local situations There is a need for more audio-
visual materals
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8.5 Plenary Discussion of Conclusions of Working Groups
In the discussion that followed the presentation of the reports of the working groups, the
following points were made

* Environmental impact assessments should not only be made for landfills, but also for all
prolects relating to waste management operations

* The importance of the involvement of the local community in decision-making was
stressed Many disposal prolects are stalled by public opposition to the proposed siting

* Training in waste disposal should not be limited to the classroom, there is a great need
for practical experience which is best provided by prolonged attachments at well-operated
facilities, mechanisms are needed to help arrange such training

* Information of the manual operation of small landfills should be disseminated

* There are frequent problems regarding the location of landfills to serve a number of
municipalities in a large metropolitan area Tools or guidelines to help in such negotia-
tions are urgently needed

* Problems of co-operation and comrriunication between government bodies also rieed
addressing

* We need to counter the expectation that services can be provided at no charge Large
generators should always be charged the full cost of disposal services that are provided
In some cases it may be necessary to start with a small charge and gradually increase it
to the full cost of the service

Regarding the workshop itself, the following points were raised

* Future workshops should have a higher representation of decision-makers and managers

* It is important to communicate the conclusions of the workshop to decision-makers and
translate the recommendations into action The 1999 ICLEI (International Council for Local
Environmental Initiatives) conference for mayors was suggested as a potential opportu-
nity
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ANNEX I ABBREVIATIONS, ACRONYMS AND
DEFINITIONS

The sections in which these abbreviations or terms are found are noted, so that this Annex
may also serve as an index

A 1.1 Abbreviations and Acronyms
BOD5 Biochemical Oxygen Demand (over 5 days) A measurement of the amount of

organic matter in wastewater It is concerned with the organic matter that acts
as nutrients to micro-organisms - biodegradable organic matter Section 4 2

CBO Community-based organisation Sectlon 84

CEMPRE Compromisso Empresarial Para Reciclagem, Brazil Sections 8 3 5, 8 4 4

CEPIS Pan American Centre for Environmental Engineering and Sciences,
Peru Section 542

COD Chemical Oxygen Demand - a measurement of the amount of organic matter
in waste water that can be oxidised (broken into simpler compounds) by chemi-
cals In leachates it is often considerably more than the BOD because of the
presence of significant amounts of chemicals which bacteria cannot
use Section 4 2

COMLURB Companhia Municipal de Limpeza Urbana, Rio de Janeiro Section 73

COPASA Companhia de Saneamento de Minas Gerais, Brazil

DANCED Danish Ministry for Environment and Energy

GTZ German Agency for Technical Co-operation Section 76

IBRD International Bank for Reconstruction and Development (World Bank)

ICLEI International Council for Local Environmental Initiatives

IPES Institute for the Development of the Social Economy

ISWA International Solid Waste Association

LAC Latin America and Caribbean

MELISSA Managing the Environment Locally In Sub-Saharan Africa, Pretoria Section 83

MSWM Municipal solid waste management

NIMBY Not In My Back Yard (signifying public opposition to the siting of facilities near
to their houses) Sections 77 8 11, 84

NGO Non-governmental organisation Sections 74, 77 84

PAHO Pan-American Health Organisation (WHO) Washington

pH A measure of whether water is acid land so able to dissolve and carry away
metals) or alkaline On this scale pH 7 is neutral, values below 7 are acid and
higher values are alkaline Section 4 2

SANDEC Centre for Water and Sanitation for Developing Countries, Switzerland

SDC Swiss Agency for Development and Co-operation

SKAT Swiss Centre for Development Co-operation in Technology and Management

SLU Superintendencia de Limpenza Urbana de Belo Horizonte Sections 23, 62,
63

SWM Solid waste management

TWURD Transport, Water and Urban Development Department (World Bank)

UMP Urban Management Programme

UNICEF United Nations International Children's Emergency Fund Sections 71, 843

WASTE Advisors on Urban Environment and Development, The Netherlands

WHO World Health Organisation Sections 531, 542, 822
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A 1.2 Definitions
The following definitions may help readers who have had little previous exposure to solid
waste management, or for whom English is a second language The definitions are informal
guLides, and not the formal and complete definitions used for legal or advanced scientific
purposes

aerator An electrically powered device that feeds air to wastewater in a wastewater treat-
ment plant The air Is needed by the large numbers of aerobic bacteria that proc-
ess the organic matter in the wastewater Section 5 7

aftercare The work that needs to be done on a sanitary landfill site after it has been closed
(that is, after it has stopped receiving waste and has been covered over) Aftercare
may involve monitoring, controlling environmental impacts, and filling in depres-
sions in the ground surface caused by the settlement of the waste underneath

Sections 51.52, 541

biodegradation The change in the nature of the organic material in the waste that is caused by
bacteria, fungi, worms etc The solid residues of these processes occupy less
space than the original material, and become more stable, having a decreasing im-
pact on their environment Sections 4 2, 5 1

bulldozer An earthmoving machine that runs on steel caterpillar tracks and that has a blade
for pushing soil or rock Sections 32Z, 325

co-disposal The practice of disposing hazardous wastes with larger amounts of municipal
wastes Often this is done by digging trenches in municipal waste that has been
on the site for some time, filling the trenches with hazardous waste and then
covering the trench with more municipal waste The proportion of hazardous waste
should be controlled Sections 5 1, 54 1

compactor A landfill compactor is a large machine (often weighing 20 to 40 tons) which runs
on steel wheels fitted with projections, and has a large bulldozer blade Such ma-
chines are commonly used on large landfills which handle waste of low density
By their weight and their wheels they flatten and compress the waste (In the con-
text of waste collection the word refers to a collection truck which has no connec-
tion or similarity with a landfill compactor Sections 325, 5 1

composting The facilitation of natural aerobic decomposition processes so that the organic frac-
tion of solid waste is converted into a stable humus (similar to good soil) The proc-
ess requires close control of the amount of moisture and air within the waste The
product, compost, has some fertilising value, but its main benefit is to Improve
the nature of various types of soil

Sections 314, 322, 332, 34, 44, 454. 61, 62, 77

closure When a landfill no longer receives waste it is closed by preventing further access
to waste collection vehicles and by covering the waste

Sections 322 57, 52, 532, 54 1, 8 1, 822

controlled dump There is no strict definition for this term, but it generally refers to a disposal site
where there has been little or no preparation before waste deposition started,
where there are only minor measures to control air and water pollution, but where
the operator is exercising some control over the waste that is received onto the
site, and the way that the waste is placed Sections 322, 57, 52, 54 1

daily cover This is a thin layer of soil or inert waste that is laid over levelled waste at the end
of the working day to give the site a neat appearance, to prevent wind from scat-
tering light materials such as paper and plastic, and to discourage fly breeding and
the presence of birds and animals Sections 32 1, 5 1, 54 7

disposal Placing waste in its final resting place The only satisfactory method of disposal is
sanitary landfilling (Whilst incineration and composting are often referred to as dis-
posal processes, they both produce residues which require disposal on land, so
they can be described as treatment processes, because they are not the final
stage)
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dry tomb This refers to a method of operating a sanitary landfill By means of impermeable
barriers water is prevented from coming into contact with the waste, so that
leachate and gas are not produced The disadvantage of this method of operation
is that, if the barriers are subsequently broken, and water enters the waste, both
gas and leachate will be formed, possibly causing serious environmental damage
which would be very expensive to control Section 5 32

dumpsite There is no strict definition, but this term is generally used for disposal sites where
very little or no effort is made to control the operations and the pollution coming
from the wastes

enhanced bioreactor This refers to a method or operating a landfill in which measures are taken to
accelerate the natural decomposition processes, either to increase the yield of
landfill gas, or reduce the time taken for the waste to become stable, or both
Increased movement of water through the waste is a key feature of enhanced
bioreactor operation Section 5 3 3

entombment See "dry tomb" above Section 5 7

greenhouse gas This is a gas which, when released into the atmosphere, reduces the loss of heat
by radiation from the Earth, so that the temperature of the planet rises Carbon
dioxide is a greenhouse gas, but the effect of the same amount of methane (which
is a major component of landfill gas) is about twenty times greater

Sections 5 1, 5 3 3

healthcare wastes Healthcare wastes include wastes from hospitals, clinics, dentists' surgeries, vet-
ernary clinics, medical laboratories and home nursing A small percentage of these
wastes are hazardous Sections 3 14, 53 1, 54 2

landfill This term is generally reserved for disposal sites where measures have been taken
in the planning, construction and operation phases to minimise the pollution com-
ing from the deposited wastes Some people, however, use "landfill" carelessly to
mean any form of disposal site Section 541

landfill gas This is the gas which is produced by the decomposition of waste deep within
sanitary landfills Its main constituents are methane (which can be used as a fuel
and is a greenhouse gas) and carbon dioxide There are also small amounts of
other gases, some of which produce characteristic smells

Sections 345, 41, 451, 51, 533, 544, 632, 73

leachate This is polluted water which flows from landfills The term strictly means water
that has entered the site (usually rainwater) and picked up suspended and dissolved
materials from the solid waste, as it flows down though it (It also includes water
that originates in the waste - mostly in vegetable matter - and flows out) Leachate
is generally much more polluting than the same volume of wastewater from mu-
nicipal drains Sections 312, 31.5, 337, 342, 345, 41, 42, 43, 452,

5 1, 532, 54 1, 543, 632, 633, 73, 75, 76, 8 11

liner A liner is a layer of natural or synthetic material that is placed on the floor and
around the walls of a landfill to prevent the movement of groundwater into the
waste and to prevent the flow of leachate out of the landfill into the surrounding
ground Natural liners are made of clay, and synthetic liners are made from one or
more layers of thick plastic sheets which are very carefully joined, and usually laid
in conjunction with a layer of clay Sections 51, 532, 543

methanogenic When the organic material in waste is deprived of oxygen but has sufficient mois-
ture, it undergoes anaerobic decomposition - bacteria that operate when there is
no air digest the waste This decomposition goes through two phases - the sec-
ond phase is the methanogenic phase in which methane gas is formed

Section 544

open dump There is no formal definition, but this term is used to refer to disposal sites where
no measures are taken to minimise the environmental impacts of the waste Often
the waste is on fire, burning slowly and continuously It is the lowest form of waste
disposal, and unfortunately, very common Sections 5 1, 5 2
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passive ventilation As described above, gas is formed by the decomposition processes within landfills
If the gas is not allowed to escape easily it may move sideways through the ground
and concentrate explosively in neighbouring buildings It could also damage the
cover over the deposited waste Passive ventilation refers to measures taken to
allow the gas to escape easily from the landfill, usually by means of pathways
made of coarse stone and vent pipes (The word "passive" indicates that no pump-
ing is involved ) Section 5 1

picking beft This is a continuous moving rubber belt which carries solid waste slowly past
workers who pick out items which can be recycled or which would spoil the proc-
ess that follows the belt (For example glass items might be picked out for recy-
cling and reuse, or to reduce the content of glass in compost)

Sections 4 4 4, 5 1, 73

recirculation Leachate is sometimes recirculated in landfills This means that it is taken out at
the bottom and pumped up (or carried up in a tank) so that it can be sprayed onto
or allowed to flow back into the waste As recirculated leachate passes through
the waste several times, its quality may improve, and it may help to accelerate the
decomposition processes that are occurring in the waste Recirculation may also
help to reduce quantities of leachate by evaporation Sections 4 1, 4 2, 5 1

remediation Remediation is the making of improvements so that the environmental impacts
are less and the state of the site itself is improved Sections 3 2, 54 1, 8 1

sanitary landfill The highest standard of disposal-to-land operation It is a planned facility that is
constructed and operated in such a way that environmental pollution and nuisance
from the site are kept to a minimum, both during operation and after the site is
closed The waste may be placed below or above the level of the surrounding
ground As the understanding of the impacts of landfills has developed, the so-
phistication of sanitary landfills has increased Sections 322, 52

scavengers A term generally taken to mean people (and sometimes birds and animals) who
search through solid waste in streets, containers or at disposal sites, looking for
items they can sell or use In India this term is used for people who collect ex-
creta from bucket latrines Many feel that this term is insulting and so should not
be used, but be replaced by terms such as waste picker or recycling worker

Sections 3 2, 5 7

sharps Sharps are the component of healthcare wastes that generally cause most con-
cern regarding public safety Sharps are used needles from syringes and drips,
used scalpel blades and other items that may carry germs and be sharp enough to
puncture the skin Section 53 1

siting The process of selecting a site for a waste management facility Siting includes con-
sideration of planning considerations, topographical and hydrogeological factors, road
access and the attitudes of the public and politicians Section 4 3, 4 5 3, 8 1 1

tipping face The small section of a sanitary landfill where the waste is being placed If daily
covering is practised, the tipping face would be the only part of the site where
waste is exposed to the air Section 5 1

uncontrolled dump There is no formal definition, but it is usually taken to mean the same as open
dump Section 3 2 2

waste picker A man, woman or child who picks out items from waste in the street, in contain-
ers, or at waste management facilities, for economic reasons The term is not gen-
erally used for workers involved in recycling who are employed by the official
waste management organisation See also "scavenger"

Sections 312, 31.4, 333, 51, 634, 71, 73, 84
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ANNEX 2 WORKSHOP PROGRAMME

Session Date Event

Morning 1 Tuesday Welcome and introduction to the workshop
8 September Dr Guy Jose Vianna Lage, Dr Carl Bartone, Dr Cel/o de Castro

Morning 2 Regional overviews Moderator Dr Philitp Rushbrook

Latin America and the Caribbean Francisco Zepeda
Sub-Saharan Africa Rod Ball
Asia Nathaniel von Ensiedel
Middle East and North Africa Prof Dr M M el Helwagi

Discussion

Afternoon Moderator Dr Philip Rushbrook

Presentation of draft "The Emerging Approach to Landfilling of Solid
Waste in Developing Countnes" Lars Mikkel Johannessen

Case Studies Landfill Gas Recovery in Chile Julio Monreal
Leachate Treatment in China Yang Xiang-Ping

Discussion

Case Studies Landfill Siting in Ghana Godfrey Ewool
Composting In Egypt Prof Olfat el-Sebae

Discussion

Morning Wednesday Presentation of publications and drafts Moderator Peter Jonssen
9 September Guidelines for landfilling Dr Philip Rushbrook

Discussion

Three Guidance Notes Lars Mfkkel Johanessen

Discussion

Afternoon 1 Discussions in working groups

Afternoon 2 Informal presentations Waste and Citizenship, Design of a
Low-cost Landfill, COMLURB, Fortaleza

Morning 1 Thursday Local Presentations Moderator Francisco Zepeda
10 September Solid waste management in Minas Gerais

Solid waste management in Belo Horizonte Ms Sinara Chenna
Discussions

Morning & Site visits Estoril recycling plant, BR040 landfill, Contagem
Afternoon landfill, ASMARE recycling co-operative

Morning Friday Working groups - continuing on the same themes from 9 9 98
11 September

Afternoon 1 Informal presentations Recife Metropolitan Area, Mechanical and
biological treatment before landfilling,
Separation at source and composting

Afternoon 2 Plenay presentations and discussion Moderator Dr Carl Bartone
of conclusions of working groups

Closure of Workshop
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ANNEX 4 BIOGRAPHICAL INFORMATION OF
RESOURCE PERSONSAND PRESENTERS

A4.1 Resource persons

Carl R. Bartone, Ph D, PE is Principal Environmental Engineer of the Transport, Water &
Urban Department, The World Bank He specialises In urban wastewater and soid waste man-
agement and pollution control issues, and has over twenty-five years experience in the inter-
national field Mr Bartone is responsible for a program of research and policy analysis on
urban environmental management, and provides specialist support for Bank lending opera-
tions and sector studies in countries world-wide Prior to joining the Bank in 1986, he worked
fifteen years with PAHO as regional environmental engineering advisor in Latir, America, and
was research director of the Pan American Center for Environmental Engineering and Sci-
ences (CEPIS) in Lima, Peru He was also senior visiting researcher at the US Environmental
Protection Agency He has a masters degree and a doctorate in environmental engineering,
is a registered professional engineer, has taught graduate short courses in universities
throughout Latin America, and has published extensively in his field

Ju rg Christen is the head of the Urban Development and Transport Team of SKAT the Swiss
Centre for Development Co-operation in Technology and Management His professional back-
ground is in civil and environmental engineering with 15 years of working experience in the
Swiss private sector and in programmes of the Swiss Agency for Development and Co-op-
eration, Swiss NGOs and international development agencies He has been engaged as
project manager and program director and consultant in transportation, water supply, sanita-
tion, urban and rural health infrastructure services, municipal and health care waste manage-
ment and small enterprise involvement in shelter projects in Nepal, BhLtan, Lesotho,
Cameroon, Kenya, Tanzania and Uganda His strengths are in the area of prolect appraisal and
development, strategic planning, monitoring and evaluation Mr Christen has participated in
the organisation and facilitation of a number of international workshops and conferences He
was among the founding members of the collaborative programme on MSWM in low in-
come countries which started in Ittingen, Switzerland in 1995

Peter Jonsson is Chief Program Officer at the The Danish Cooperation for Environment and
Development (DANCED) He has over twenty years of experience as a civil servant in the
Danish Environmental Protection Agency (DEPA) Mr Jonsson's background includes develop-
ment and implementation of recycling systems for paper and glass from municipal waste as
well as in the implementation of systems for separate collection of recyclable materials from
commercial and industrial waste He worked on government plans related to waste and recy-
cling including preparation of national and local legislation and developed and implemented
economic instruments in the waste sector, governmental funding of waste minimisation and
recycling schemes, tariff systems for household waste and taxation systems aiming at in-
creased recycling In addition, Mr Jonsson has participated in international negotiations on a
regular basis on topics of waste management, recycling and secondary raw materials in fora
of the European Union and presented papers and reports Finally, he has gaired experience
in aid projects in South East Asia dealing with environmental management His main respon-
sibility at DANCED is the implementation of the Danish programme in Southern Africa
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A 4.2 Presenters

Rod Ball heads a waste management specialist consulting firm in South Africa, now operat-
ing as Jarrod Ball & Associates cc Mr Ball has over twenty years of experience in solid waste
management in the Africa region including South Africa, Swaziland, Botswana and Ghana He
provided consultant services for the Department of Water Affairs & Forestry's project on de-
veloping Minimum Requirements for Waste Disposal by Landfill He authored numerous
published papers on research and different aspects of waste management of which seven
have been presented at international conferences Mr Ball became involved in Waste Man-
agement in 1975/76 and worked for the Johannesburg City Council until 1985 During this
time, ne commenced with research into ground water pollution from landfills and studied
waste management in the USA Following this, he undertook several extensive study tours,
looking at waste management in the USA and Japan, and later in the UK and Canada Rod
joined the Institute of Waste Management in 1977 He has served as Chairman of the Trans-
vaal Branch, National Treasurer, Vice President, President and now immediate Past President
Mr Ball obtained a BSc from UCT in 1974, a BSc Honours at UP in 1975, an MSc in Waste
Management at the University of Wisconsin (USA) in 1980, and an MSc in Civ i Engineering
at Wits in 1984

Nathaniel von Einsiedel is currently the Regional Co-ordinator for Asia-Pacific of the United
Nations Urban Management Programme IUMPI, a global technical assistance facility estab-
lished since 1986 to help cities of developing countries in strengthening their urban manage-
ment capacities He set up UMP's operations in the Asia-Pacific region in 1992, and is re-
sponsible for co-ordinating its capacity-building activities in several Asian cities Mr von
Einsiedel has extensive background in organisational and human resource deveiopment in
urban management, which arises from over 20 years of experience in both the public and
private sectors as a practit oner, consultant, technical assistance co-ordinator, and lecturer in
the field of urban development In the private sector, he worked as an architect, an urban
planning and development consultant, and a development management adviser to housing
and property developers He also served as an institutional development consultant to urban
projects of a number of bilateral and multilateral agencies Mr von Einsiedel served as Com-
missioner for Planning of the Metropolitan Manila Commission IMMCI from 1979 to 1989
where he established Metro Manila's first ever metropolitan land use and zoning ordinance,
and capital investments planning, programming and budgeting system During that period,
he was directly involved with efforts to improve Metro Manila's solid waste management
system particularly in the phasing out of existing open dumps sites and the development of
new sanitary landfills At UMP~ he is involved with efforts to improve urban environmental
planning and management in the cities of Phuket (Thailand), Tianjin (China), and Surat i1ndial
He received has BS Architecture degree from the University of tne Philippines in 1968 and
his MS Urban Planning from Columbia University, USA, in 1971 He also obtained a postgradu-
ate Certificate in Development Management from the International Institute of Public Admin-
istration in Paris, France, in 1979

Godfrey Ewool is an Engineer with the Ministry of Local Government and Rural Develop-
ment in Ghana His current work on Solid Waste Management includes overseeing the de-
sign and implementation of waste disposal facilities in the 14 largest towns/cities in Ghana
In his current position, he is responsible for co-ordinating the implementation of three ongo-
ing urban development projects He was previously a Projects Officer with the World Bank
Resident Mission in Accra, where he implemented, supervised, and co-ordinated the Bank's
Infrastructure Portfolio in Ghana and Nigeria Prior to that, he was an Engineer with the Irriga-
tion Development Authority of Ghana and Sir William Halcrow and Partners, UK, and super-
vised irrigation projects in Ghana and Tanzania He is a member of the UK Institution of En-
gineers and of the Ghana Institution of Engineers.
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Mohammed Mokhtar El-Halwagi, Ph D, IS General Manager of Egypt for Information and
Technology His professional expertise lies in process development, feasibility studies and
prolect evaluation, waste management, and biomass energy His professional experience
ranges from professorship and head of Chemical Engineering at the National Research Coun-
cil, Consulting to Saudi Arabian Corporations on industrial studies and development, and
Management at the Ministry of Scientific Research His experience in solid waste manage-
ment spans managing the National Program of Solid Waste composting in Egypt, conducting
over 12 studies in Egypt, and assessing of the National prospects of energy in Egypt from
solid waste In 1983, he was granted the Scientific Excellence Prize by Egypt's National Re-
search Center, and is the holder of the Egyptian First Science and Arts Medal He is the author
of over 250 papers, technical reports and feasibility studies, and of two books on Solid Waste
management Mr El-Halwagi obtained his chemical engineering master's and doctorate de-
grees from the University of Maryland

Lars Mikkel Johannessen is Technical Adviser on environmental issues to the Danish Min-
istry of Foreign Affairs, Danida His professional experience ranges from environmental im-
pact assessments to solid waste management and landfill technology He has 12 years of
experience in the environmental aspects of landfilling of municipal and hazardous waste Mr
Johannessen has worked in several developing countries in Europe, the Middle East, South
East Asia and Latin America as project manager on solid waste disposal projects Until re-
cently he worked as a Consultant for the World Bank Urban Development Division, Thematic
Group on Solid Waste Management, where he prepared four guidance notes on MSW dis-
posal issues, and a study on the emerging approach to landfilling of waste in developing
countries, which included visits to more than 50 landfills throughout the world He has par-
ticipated in negotiations as technical expert on EU directives on landfilling of waste He holds
a master's degree in environmental engineering from the Danish Academy of Engineering
He has taught graduate students in disposal of solid waste and has published extensively in
his field

Julio Monreal is chief of the Department of Environmental Programmes at the Ministry of
Health in Chile For over 15 years, Mr Monreal was chief engineer for the National Programme
on Solid Wastes at the Ministry of Health Mr Monreal helped develop minimum sanitation
standards for waste operators, and standards for disposing of waste in high buildings and for
transport of organic waste In addition, he co-designed and applied a national survey on solid
waste management, and promoted and co-ordinated the implementation of sanitary landfills
in the cities of Santiago, Punta Arenas, Valparaiso, Rancagua y Concepcion Mr Monreal is
also a professor at the School of Engineering of the Universidad de Chile and has consulted
on municipal solid waste management and hazardous waste management for PAHO/WHO,
the United Nations Environment Program (UNEP), the World Bank in Colombia, Uruguay,
Dominican Republic, and Mexico He holds an MSc in Civil Engineering from the Universidad
de Chile and an MSc in Hygiene from the University of Pittsburgh in Pennsylvania

Philip Rushbrook, Ph D, is Prolect Manager for Waste Management Projects at the World
Health Organisation, European Centre for Environment and Health, Nancy Prolect Office,
France His professional expertise spans municipal, industrial, hazardous, and healthcare
waste management and polluted soil and contaminated land Mr Rushbrook's experience
includes project management, identification, development, and supervision of waste and soil
contamination projects, technical assistance to national bodies and local assistance in waste-
related subjects He also participates in national and international fora to contribute during
the formulation and preparation of waste-related policies, guidance, and similar assessments
He holds a doctorate degree in Economics and Management of Collection, Treatment and
Landfill Disposal of Domestic Wastes from the University of Stirling, UK
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Dr. Olfat el-Sebaie is Director of Environmental Health Research, and Studies Unit and pro-
fesscr at Alexandria University She serves as a consultant for Alexandria Governorate, World
Bank, UNDP WHO and EDI on solid waste management Prior to this appointment, Ms El-
Sebaie was chairperson of the Environmental Health Department, High Institute of Public
Health, at Alexandria University She was also recipient of the Hubert Humphrey North/South
fellowship from the Ful bright mission and served as a Visittng Professor at School of Hy-
giene and Public Health, Johns Hopkins University In 1997, she was nominated by UNEP as
one of the 25 outstanding women leaders in environment and received the global "500 Ro I
of Honor" for Environmental Achievement in 1988 She has a B Sc and PhD from the Fac-
ulty of Science at Cairo University and a Masters of Public Health from the School of Public
Health and Tropical Medicine, Tulane University and Imperial College, London University, re-
spectively Ms el-Sebaie is a member of the advisory panel for the Water and Sanitation
Decade of the World Bank and UNDP and has published over 50 articles on water quality,
environmental health, solid waste management, hazardous wastes, women and environment,
and village sanitation

Mr. Yang Xiang-Ping is Deputy Chief Engineer at Beiling Municipal Engineering Bureau
where he has acquired extensive experience in sewage treatment Prior to the Bureau. Mr
X ang-Ping was Director at the Beijing Gao Beidian Sewage Treatment plant He also served
as Deputy D rector at the Beijing Beidian Sewage Treatment engineering department In ad-
dition, Mr Xiang-Ping is the chairman of the National Intelligence Network on Sewage Treat-
ment and a member of the standing committee of China Municipal Engineering Association
Wastewater Engineering Committee Mr Xiang-Ping obtained a Bachelor's degree from Beijing
Industrial University and a Master's Degree from Delft International Hydraulic and Sanitary
Engineering Institute in Holland

Francisco Zepeda is co-ordinator of the Basic Sanitation Program of the Division of Environ-
mental Health in the Pan Amercan Health Organisation His responsibilities are mainly aimed
to strengthen the national capabilities n the countries of Latin America and the Caribbean to
evaluate and control environmental nsks to public health The basic sanitation programme
relates to the proper management of water supply, waste water disposal, solid waste man-
agement and health in housing He has been with the Organisation for thirteen years in Gua-
temala, Peru, and at present, in Washington, DC Before joining PAHO he was the Director of
the National Solid Waste Program in Mexico and during many years a professor at graduate
level in the area of solid waste, at the National University of Mexico He is a member of the
AIDIS, the Inter-American Association of Sanitary and Environmental Engineers, and of differ-
ent national engineering associations in Bolivia, Peru and Mexico He was recently awarded
the "emeritus" membership in the Mexican Solid Waste Association A national of Mexico,
Mr Zepeda is a civil engineer from the National Autonomous University of Mexico, and ob-
tained a Masters degree in Environmental Engineering from West Virginia University
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