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Summary
With progressing urbanisation, solid 
waste management is becoming a ma-
jor public health and environmental con-
cern in urban areas of many developing 
countries. The overall goal of urban sol-
id waste management is to collect, treat 
and dispose of solid waste generated by 
all urban population groups in an environ-
mentally and socially satisfactory man-
ner using the most economical means 
available.

However, a typical solid waste man-
agement system in a developing country 
displays an array of problems, including 
low collection coverage, irregular collec-
tion services, indiscriminate open dump-
ing and burning without air and water 
pollution control, breeding of flies and 

vermin, as well as handling and lack of 
control of informal waste picking or scav-
enging. These public health, as well as 
environmental and management prob-
lems are caused by various factors con-
straining the development of effective 
solid waste management systems. (The 
World Bank, 2008)

This document provides an overview 
of the present state-of-the-art of solid 
waste production and management. It 
contains the characteristics of municipal 
solid waste and describes current waste 
treatment systems and technologies, as 
well as non-technical aspects like private 
sector involvement and financial arrange-
ments.

Not included in Module 6
Industrial hazardous waste
Technical details for recycling and  
disposal
Transboundary waste movements
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1 – Definitions & Objectives

1.1 How is municipal solid waste (MSW) characterised?

The characteristics of MSW are dependent on local culture, standard of living and natural resources.Ñ

Additional info
UNEP (2005). Solid Waste Management, 

CalRecovery Inc. www.unep.or.jp/Ietc/Pub-
lications/spc/Solid_Waste_Management/
Vol_I/Binder1.pdf (last accessed 28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

Further questions
What is the purpose of segregating 

waste at its point of generation, i. e. house-
hold level?

Are there any major differences in 
household waste composition in different 
countries or regions?

Ñ

Ñ

The main goal of municipal solid waste 
management (MSWM) is to reduce the 
waste volumes and to protect the health 
of the urban population, particularly that 
of low-income groups who suffer most 
from poor waste management. In ur-
ban areas, solid waste is generated by 
households, commercial and industrial 
enterprises, as well as healthcare facil-
ities and institutions. With the excep-
tion of industrial, construction and debris 

What is waste?
The term ‘waste’ has a different mean-
ing for different people. In general, waste 
is ‘unwanted’ for the person who dis-
cards it; a product or material which is no 
longer valued by the first user and there-
fore thrown away. However, ‘unwanted’ 
is subjective, as it could be of value for an-
other person under different circumstanc-
es or even in a different culture. There are 
many large industries using primarily or ex-
clusively waste materials as their indus-
trial feedstock – paper and metals are the 
most common. (Van de Klundert et al., 
2001, p. 9)

waste, the aforementioned waste gener-
ated in cities is referred to as municipal 
solid waste. (Zurbrügg, 2003a)

Semisolid waste, such as sludge or 
nightsoil, is dealt with by liquid waste 
management systems; whereas hazard-
ous industrial or medical waste is, by 
definition, not a component of munici-
pal solid waste. It is normally quite dif-
ficult to separate from municipal solid 
waste, particularly when its sources are 
small and scattered. (Schüberler et al., 
1996, p. 17)

Regional solid waste characteristics 
and quantity are dependent on the stand-
ard of living and lifestyle of the inhab-
itants of a region, but also on volume 
and type of available natural resourc-
es. Urban waste can be subdivided into 
two major components – organic and in- 
organic.

Waste generated in countries locat-
ed in humid, tropical and semitropical  
areas is usually characterised by a high 
concentration of plant debris; whereas 
the waste, generated in areas subject 

to significant seasonal temperature var-
iations or where coal or wood are used 
for cooking and heating, may contain 
an abundance of ash. The amount of 
ash may be substantially higher in win-
ter. Waste is usually more or less con-
taminated by nightsoil, irrespective of  
climatic conditions. (UNEP, 2005, p. 2)
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1 – Definitions & Objectives

Figure 2: National and local factors (circular 
boxes) influencing the core concepts of the 
waste management hierarchy (triangle), in 
which solid waste elements diminish in prior-
ity from top to bottom. (Eawag/Sandec).

Figure 3: Elements of an integrated solid waste management. (Eawag/Sandec)

1.2 What are the objectives and main elements of an integrated 
solid waste management?

Integrated solid waste management includes all activities, which seek to minimise the health,  
environmental and aesthetic impacts of solid waste.

Ñ

The main goal of municipal solid waste 
management (MSWM) is to protect the 
health of the urban population, particu-
larly that of low-income groups who suf-
fer most from poor waste management. 
Secondly, MSWM aims to promote en-
vironmental conditions by controlling 
pollution (including water, air, soil, and 
cross-media pollution) and to ensure 
the sustainability of ecosystems in the  
urban region. Thirdly, MSWM supports 
urban economic development by pro-
viding the required waste management 
services and guaranteeing the efficient 
use and conservation of valuable mate-
rials and resources. Fourthly, MSWM 
aims to generate employment and in-

come in the sector itself. The goals of 
MSWM are therefore:

To protect environmental health
To promote the quality of the urban 
environment
To support the efficiency and  
productivity of the economy
To generate employment and income

To achieve these goals, it is necessary to 
establish integrated and sustainable sys-
tems of solid waste management that 
meet the needs of the entire urban pop-
ulation, including the poor. The essential 
condition of sustainability implies that 
waste management systems must be ab-

1.
2.

3.

4.
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Further questions
Is waste avoidance and reduction gener-

ally given first priority by municipalities?
Ñ

Additional info
UNEP (2005). Solid Waste Management, 

CalRecovery Inc. www.unep.or.jp/Ietc/Pub-
lications/spc/Solid_Waste_Management/
Vol_I/Binder1.pdf (last accessed 28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

analysed together, since they are in fact 
interrelated, i. e. developments in one 
area frequently affect practices or ac-
tivities in another area. (UNEP, 2005,  
p. 7 – 8)

An integrated approach is an impor-
tant element of sound practice as:

Certain problems are more easily  
resolved in conjunction with other  
aspects of the waste system than on 
their own. Also, development of new 
or improved waste handling in one 
area can disrupt existing activities in 
another area, unless changes are han-
dled in a coordinated manner.
Integration allows for capacity or re-
sources to be optimised and, thus, 
fully utilised. Economies of scale for 
equipment or management infrastruc-
ture can be frequently reached only if 
all the waste in a region is managed 
as part of a single system.
An integrated approach allows for pub-
lic, private and informal sector partici-
pation with roles adapted to each.
Since some waste management prac-
tices are more costly than others, in-
tegrated approaches facilitate iden-
tification and selection of low-cost 

•

•

•

•

1 – Definitions & Objectives

Non-technical aspects Technical aspects

Setting policies

Developing and enforcing regulations

Planning and evaluating municipal SWM 
activities by system designers, users and 
other stakeholders

Marketing recovered materials to brokers 
or to end-users for industrial, commercial 
or small-scale manufacturing purposes

Establishing training programmes for 
MSWM workers

Carrying out public information and  
education programmes

Identifying financial mechanisms and cost 
recovery systems

Establishing prices for services and  
creating incentives

Managing public sector administrative and 
operation units

Incorporating private sector businesses,  
including informal sector collectors,  
processors and entrepreneurs

•

•

•

•

•

•

•

•

•

•

Generation and storage of household 
waste (household is regarded here as the 
“source” of waste generation. It also  
includes commercial entities or  
institutional bodies generating waste)

Reuse and recycling at household level 
(including animal feed and composting)

Primary waste collection and transport to 
transfer station or community bin

Management of the transfer station or 
community bin

Secondary collection and transport to the 
waste disposal site

Waste disposal in landfills

Using waste characterisation studies to 
adapt the system to the types of waste 
generated

•

•

•

•

•

•

•

Table 1: Technical and non-technical aspects associated with integrated solid waste  
management. (UNEP, 2005; Zurbrügg, 2003a)

sorbed and carried by the society and its 
local communities. In other words, these 
systems must be adapted to the particu-
lar urban and area-specific circumstanc-
es and problems. They must employ and 
develop the capacities of all stakehold-
ers, including the households and com-
munities requiring the service, private 
sector enterprises and workers (both for-
mal and informal), as well as government 
agencies at the local, regional and na-
tional level. (Schüberler et al., 1996)

Key to integrated solid waste man-
agement is the development of a waste 
management hierarchy, integrating wide-
spread elements of national and region-
al policy – often considered as the most 
fundamental basis of modern MSWM 
practice. The hierarchy classifies waste 
management operations according to 
their environmental or energy benefits 
(UNEP, 2005, p. 8 – 9):

Prevent the production of waste or  
reduce the amount generated.
Reduce toxicity or negative impacts 
of the waste generated.
Reuse the materials recovered from 
the waste stream in their current 
forms.
Recycle, compost or recover materi-
als for use as direct or indirect inputs 
for new products.
Recover energy by incineration, 
anaerobic digestion or similar proc-
esses.
Reduce the volume of waste prior to 
disposal.
Dispose of residual solid waste in an 
environmentally sound manner, gen-
erally in landfills.

In practically all countries, the hierarchy 
is similar to that described above, with 
higher priority given to the first points. 
(UNEP, 2005, p. 9)
Figure 2 illustrates this hierarchy embed-
ded in a set of factors related to SWM.
The main elements of an integrated solid 
waste management system are depict-
ed in Figure 3. These elements can be di-
vided into technical and non-technical as-
pects, as shown in Table 1.

Integrated waste management is 
based on the concept that all aspects 
(technical and non-technical) should be 

1.

2.

3.

4.

5.

6.

7.

solutions. Some waste management 
activities cannot bear any charges; 
some will always be net expenses, 
while others may produce an income. 
An integrated system can result in a 
range of practices that complement 
each other in this regard.
Failure to have an integrated system 
may mean that the revenue-produc-
ing activities are “skimmed off” and 
treated as profitable, while activities 
related to maintaining public health 
and safety fail to secure adequate 
funding and are operated at low or  
insufficient levels.

(UNEP, 2005, p. 8)

•
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2 – Introduction

Photo 1: Polluted open sewer in Togo. 
(Source: Eawag/Sandec)

2.1 What are the problems related to insufficient solid waste 
management?

Uncontrolled dumping of solid waste can lead to severe health hazards for local inhabitants, and pollute  
natural resources like water, soil or air.

Ñ

According to a survey by the United Na-
tions Development Programme (UNDP) 
of 151 mayors of cities around the world, 
the second most serious problem (after 
unemployment) faced by city dwellers is 
insufficient solid waste disposal. (UNDP, 
1997, Draft Interim Report, Part 3)

The risks posed to the environment 
and public health arise from the way this 
waste, generated by human activities, 
is handled, stored, collected, and dis-
posed of. Where intense human activi-
ties concentrate, such as in urban cen-
tres, appropriate and safe solid waste 
management (SWM) is of utmost impor-
tance to allow healthy living conditions 
for the population. Although most gov-
ernments have acknowledged this fact, 
many municipalities are struggling to pro-
vide even the most basic services. (Zur-
brügg, 2003b, p. 1)

The main problems and issues related 
to unsatisfactory SWM in most develop-
ing countries are:

inadequate coverage of the popula-
tion to be served;
operational inefficiencies of municipal 
SW services and management;
limited use of the recycling activities 
by the formal and informal sectors;
problems related to the disposal of 
solid waste; and
problems concerning the manage-
ment of non-industrial hazardous 
waste. 

All these problems have common  
social, institutional, financial, and tech-
nical denominators. (Schertenleib et al., 
1992, p. 3)

Typically, one to two thirds of the  
solid waste generated are not collected 
(World Resources Institute et al., 1996, 
p. 1). As a result, the uncollected waste, 
which is often also mixed with human 
and animal excreta, is dumped indiscrim-
inately on streets and in drains, thus con-
tributing to flooding, breeding of insect 
and rodent vectors and to the resulting 
spread of diseases. (UNEP-IETC et al., 
1996)

In low-income countries, most of 
the collected municipal solid waste is 

a)

b)

c)

d)

e)

dumped on land in a more or less uncon-
trolled manner. Such inadequate waste 
disposal practices create serious envi-
ronmental problems affecting not only 
the health of humans and animals, but 
also giving rise to serious economic and 
other welfare losses. The environmen-
tal degradation caused by inadequate 
waste disposal can be measured by the 
contamination of surface and groundwa-
ter through leachate, soil contamination 
through direct waste contact or leachate, 
air pollution by waste burning, spread-
ing of diseases by different vectors like 
birds, insects and rodents, or the uncon-
trolled release of methane by anaerobic 
waste decomposition.

In cities of developing countries, the 
urban poor suffer most from the life-
threatening conditions of deficient SWM 
(Kungskulniti, 1990; Lohani, 1984), 
as municipal authorities tend to allo-
cate their limited financial resources to 
the richer areas with higher tax yields 
from citizens with more political power.  
Usually, wealthy residents use part of 
their income to avoid direct exposure 
to the environmental problems close to 
home by shifting them away from their 
neighbourhood. Thus, though environ-
mental problems at the household or 
neighbourhood level may decrease in 

higher-income areas, citywide and re-
gional environmental degradation re-
mains the same or increases due to a de-
ficient SWM. (Zurbrügg, 2003b, p. 1)

In an attempt to accelerate its indus-
trial development, an economically de-
veloping nation may fail to pay adequate 
attention to solid waste management. 
Such a failure results in severe penal-

Photo 2: Open street site dump in India. (Source: Eawag/Sandec)
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Figure 4: Generation of MSW (kg/capita/yr) in 11 cities and their GDP in 2005 (in US $, using pur-
chasing power parity exchange rates) per capita according to the World Bank’s income classifica-
tion of 2006 (low income: US $ 905 or less; middle income: US $ 906 to 11,115; and high income: 
US $ 11,116 or more). (Eawag/Sandec, 2008) 

2.2 What are the municipal solid waste categories and how much 
waste is produced?

MSW generally consists of organic waste, paper, plastics, glass, metal, textiles, and other inert materials.Ñ

ties at a later time in the form of resourc-
es needlessly lost and a staggering ad-
verse impact on the environment, public 
health and safety. The penalty is neither 
avoided nor lessened by a resolve to do 
something about the waste in the future, 
when the country may be in a better po-
sition to take appropriate measures. This 
is true because the rate of waste genera-
tion generally increases in direct propor-
tion to that of a nation’s advance in de-
velopment. The greater the degradation 
of the environment, the greater is the 
effort required to restore its good quali-
ty. In summary, the effort to preserve or 
enhance environmental quality should at 
least be commensurate with that afford-
ed to the attainment of advance in devel-
opment. (UNEP, 2005)

Environmental and health impacts
The organic fraction of MSW is an impor-
tant component, as it constitutes a siza-
ble fraction of the solid waste stream in 
a developing country, but also because 
of its potentially adverse impact upon 
public health and environmental quality. 

Further questions
Are social, political, technical or rather  

financial constraints the reasons for the 
general lack of solid waste management 
and services?

Ñ

Additional info
Zurbrügg, C. (2003). Urban Solid Waste 

Management in Low-Income Countries of 
Asia – How to Cope with the Garbage Cri-
sis. SCOPE. Durban, South Africa. www.
eawag.ch/organisation/abteilungen/sand-
ec/publikationen/publications_swm/down-
loads_swm/USWM-Asia.pdf (last accessed 
28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

According to Key Note, 2.02 billion tons 
of MSW were generated worldwide in 
2006. The average quantity of municipal 
solid waste generated throughout Latin 
America, Asia, and some countries in Af-
rica is in the order of 400 g/cap/day. This 
equals approximately 30 – 40 % of the 
daily per capita waste generated in the 
United States and in Western European 
countries. (UNEP, 2005, p. 53)

Growth in wealth and increase in 
waste are interlinked – the more afflu-
ent a society, the more waste it gener-
ates (compare Figure 4). As less wealthy 
nations develop, they too create more 
wealth, thus adding to the world’s waste 
output.

Key Note forecasts that total global 
MSW will increase by 37.3 % between 
2007 and 2011. (Key Note, 2007, p. 16)

2 – Introduction

A major adverse effect is the attraction 
of rodents and vector insects for which 
it provides food and breeding grounds. 
Reduction of environmental quality 
takes the form of foul odours and un-
sightliness. These impacts are not con-
fined merely to the disposal site. On the  
contrary, they pervade the areas sur-
rounding the sites wherever the waste is 
generated, spread or accumulated. Un-
less organic waste is appropriately man-
aged, its adverse impact will continue 
until it has fully decomposed or other-
wise stabilised. Uncontrolled or poor-
ly managed intermediate decomposition 
products can contaminate air, water and 
soil resources.

Studies have shown that a high per-
centage of workers handling refuse, and 
individuals residing near or on dispos-
al sites, are infected by gastrointestinal 
parasites, worms and related organisms. 
Contamination of this kind is likely at all 
points where waste is handled. Although 
it is certain that vector insects and ro-
dents can transmit various pathogenic 
diseases (amoebic and bacillary dysen-

tery, typhoid fever, salmonellosis, vari-
ous parasitoses, cholera, yellow fever, 
plague, and others), it is often difficult to 
trace the effects of such transmission to 
a specific population. Both public health 
and environmental quality benefit direct-
ly and substantially from the implemen-
tation of modern solid waste manage-
ment practices. (UNEP, 2005, p. 3)
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Table 2: Waste generation rates in Durban, 
South Africa as a function of average income 
level of neighbourhoods. (Zurbrügg, 2003a, 
p. 4)

Table 3: Waste generations rates (kg/cap day) of different sized cities

2 – Introduction

The influence of income level on 
waste generation is also revealed by 
studies looking at different urban income 
levels of neighbourhoods. Table 2 shows 
the example of Durban, South Africa.

Although economic standing is a key 
determinant of how much solid waste a 
city produces (World Resources Institute 
et al., 1996), this generalisation may not 
always be valid, but may vary according 
to the socio-cultural consumption habits. 
The example of high variability in relation 
to the income level of neighbourhoods in 
Durban also depicts the problem of data 
reliability when operating with city aver-
ages or worse even, when using coun-
try average waste generation rates. Not 
only income but also urbanisation level 
of a city indicated by its population size 
is interrelated with the waste genera-
tion rates. Rural villages and small towns 
have significantly lower values of gen-
erated waste per capita. Table 3 shows 
waste generation in relation to relative 
city size for Nepal, Egypt and Sri Lan-
ka (Akolkar, 2001; Saber, 1998; UNEP, 
1999 in Zurbrügg, 2003a). Thus, aver-
age countrywide solid waste data can be 
very misleading if used in a specific city 
context.

Solid waste generation not only dif-
fers in relation to the local context, but 
also to its waste composition. In indus-
trialised countries, domestic waste con-
sists mainly of packaging materials, such 
as paper and plastics, whereas waste 
from low and middle-income countries 
contains high biodegradable organic 
waste fractions (cf. Figure 5). 

Income level
Waste  
generation  
(kg/cap/day)

High income 1.48

Middle income 0.41

Low income (formal) 0.13

Low income (informal) 0.11

Country Large cities Middle cities Small cities

Nepal 0.5 0.35 0.25

Egypt 1.0 – 1.3 0.5 – 0.8 0.25

Sri Lanka 0.65 – 0.85 0.45 – 0.65 0.2 – 0.45

Figure 5: Top: MSW composition (kg/capita/yr) in 12 countries grouped according to their gross 
national income (GNI). Bottom: MSW composition (kg/capita/yr) in 23 cities. (Eawag/Sandec, 
2008)

Country-specific studies reveal that 
the physical characterisation of solid 
waste differs in categories. Most waste 
characterisation studies have established 
the following categories:

Biodegradable
Paper
Plastic
Glass
Metal
Textiles and leather
Inerts (ash, earth and others)

(Zurbrügg, 2003b, p. 4)

•
•
•
•
•
•
•

Further questions
How much waste do I produce every 

year?

How much waste do people in other 
countries produce?

How much waste is recycled, burned 
and dumped?

Ñ

Ñ

Ñ

Additional info
Eawag/Sandec (2008). Global Waste 

Challenge - Situation in Developing Coun-
tries. www.eawag.ch/organisation/abteilun-
gen/sandec/publikationen/publications_
swm/index_EN (last accessed 30.07.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ
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Figure 6: Global urban population categorised 
by the different economies. The economies 
are divided according to 1996 GNP per capita: 
low income US $ < 785; low middle income: 
US $ 786 – 3115; upper middle income: US$ 
3116 – 9635; and high income: US $ > 9636. 
(www.worldbank.org/data/databytopic/class.
htm). (Zurbrügg, 2003b)

Figure 7: Total MSW generated (kg/capita/yr) and collection coverage in % in 17 countries.  
(Eawag/Sandec, 2008)

2.3 How is solid waste management related to rapid  
urbanisation?

Development of solid waste systems generally lags behind urbanisation rates.Ñ

2 – Introduction

Rapid urbanisation is taking place espe-
cially in low-income countries. In 1985, 
globally 41 % of the world’s population 
lived in urban areas: by 2015 the urban 
proportion is projected to rise to 60 % 
(Schertenleib et al., 1992). Of this popu-
lation, 68 % will be living in cities of low-
income and lower middle-income coun-
tries (cf. Figure 6). (Zurbrügg, 2003b, 
p. 2)

The situation is acute, as slums are 
growing at an alarming rate and the mu-
nicipal solid waste management servic-
es are lagging behind the needs of the in-
habitants, especially in urban poor areas. 
(UNEP, 1999)

UN News, 26 February 2008
“By the end of this year, half of the world’s 6.7 billion people will live in urban areas,  
according to a report unveiled by the United Nations today, which also predicts that future 
growth of the world’s urban population will be concentrated in Asia and Africa.” (UN, 2008)

Further questions
How should authorities deal with the 

problem of equity of service access in  
areas where the population is too poor to 
pay the full cost of waste management?

How should municipal waste manage-
ment systems be adapted to specific  
demands and requirements of residential 
populations, including, in particular those 
of women and low-income households?

Ñ

Ñ

Additional info
UNEP (1999): Global Environment Out-

look, Geo-2000. UNEP. www.grid.unep.ch/
geo2000/english/0070.htm. (last accessed 
28.04.08)

Available from the Internet.

Ñ

2.4 What is the present state in SWM?

Most cities in the developing world collect only part of the overall waste, and only a tiny fraction of the  
collected waste is treated or properly disposed of.

Ñ

Even though municipal solid waste man-
agement is a major responsibility of local 
governments, typically consuming be-
tween 20 % and 50 % of municipal budg-
ets, it has been estimated that about 
30 – 50 % of the waste generated in 
developing countries is never collected 
(Schüberler et al., 1996; UNEP, 2005). 
Uncollected waste accumulates in vacant 
lots or is simply discharged into bodies 
of water. As a result of inadequate dis-
posal and excessive littering, the burden 
of waste collection is, in many instances, 
transferred from the collection system to 
the street cleaning system.

Typical productivity of a refuse collec-
tion worker in developing countries (de-
fined as total weight of waste collect-
ed by the entire system, divided by the 
number of collection workers) is approx-
imately 250 kg/day. Average expendi-

26 %

13 %

24 %

37 %

20 %

12 %

23 %

45 %

1995 2015
year

high-income 
countries
upper-middle-in-
come countries

lower-middle-in-
come countries
low-income 
countries
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Figure 8: Percentage of the commonly used MSW treatment and disposal technologies in  
21 countries. (Eawag/Sandec, 2008)

ture (at 2002 price level) on solid waste 
management, including street cleaning 
and final disposal, ranges from about  
US $ 1 /cap/yr to nearly US $ 5 /cap/yr. 
(UNEP, 2005, p. 53 – 54)

With the mounting urgency of urban 
environmental problems identified (for 
example in Agenda 21, Chapters 7 and 
21) and growing concern for capacity 
building at municipal management lev-
el in recent years, MSWM has attract-
ed increasing attention from bilateral and 
multilateral development agencies. With 
its broad organisational implications and 
close links to other sectors, MSWM 
constitutes an important entry point for 
integrated urban management support. 
(Schüberler et al., 1996, p. 15)

A word on the significance of collec-
tion, transfer and street sweeping.
Collection is by far the largest cost ele-
ment in most MSWM systems, account-
ing for 60 – 70 % of costs in industrial-
ised countries, and 70 – 90 % of costs in 
developing and transition countries. Col-
lection and street sweeping comprise 
the single largest category of expend-
iture in many municipal budgets. Fail-
ure or inadequacy of collection, especial-
ly in developing countries, where there 
is frequently considerable human fae-
cal waste in the municipal solid waste, 
can lead to public health hazards. Giv-
en its high visibility and importance, one 
would expect collection to receive a high 
degree of scrutiny and analysis and, as 
a consequence, to be a highly efficient 
municipal or private operation. In fact, 
particularly in developing countries, the 
opposite is quite often true. Waste col-
lection and street sweeping are often 
highly inefficient. Workers are frequent-
ly poorly motivated, untrained, under- 
compensated, and disregarded. Further 
obstacles to efficiency are obsolete or 
non-functional equipment and inacces-
sible routes, which have not kept pace 
with urban growth. Up to half of the 
poorer sections of developing cities are 
underserved or completely unserved. In 
some industrialised countries, waste col-

2 – Introduction

lection has recently received more at-
tention, due partly to the introduction 
of source-separated collection of recy-
clables and organics. Testing and anal-
ysis, which has accompanied the de-
velopment, introduction and monitoring 
of separate collection, has often had 
positive spin-off effects on collection 
of the rest of the waste. In developing 
countries, an influx of loans and grants 
for infrastructure development is just 
beginning to affect collection systems, 
sometimes for the better, sometimes 
for the worse. A further problem is that 
waste collection is often in jurisdictional 
no man’s land, where fiscal, operational 
and administrative responsibility is frag-
mented between public health, public 
works and public cleansing departments, 
with budgetary and operational respon-
sibility in conflict. The association with 
waste often means that waste collection 

Further questions
What priority should be given to waste 

minimisation and resource recovery in  
relation to waste treatment and disposal?

How should authorities deal with the 
service needs of irregularly illegal  
settlements?

Ñ

Ñ

Additional info
Eawag/Sandec (2008). Global Waste 

Challenge - Situation in Developing Coun-
tries. www.eawag.ch/organisation/abteilun-
gen/sandec/publikationen/publications_
swm/index_EN (last accessed 30.07.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

functions have low status, and managers 
and supervisors do not receive training, 
support or recognition. (UNEP-IETC et 
al., 1996, Chapter 1.3.1)
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Table 4: Waste characteristics  
* Countries with GDP < US $ 360 per year per capita; + countries with GDP > US $ 360, < US $ 
3500 per year and capita. (Cointreau, 1982 and SAEFL, 1994 in Zurbrügg, 2003a)

2.5 What role does organic waste play in the context of SWM?

The high moisture content of organic waste (which makes up the main component in MSW, especially in  
low-income countries), influences the feasibility of collection and treatment options.

Ñ

2 – Introduction

A high biodegradable matter and inert 
material content in solid waste leads to a 
high density (weight to volume ratio) and 
high moisture content (compare Table 
4). These physical characteristics signifi-
cantly influence the feasibility of certain 
treatment options. Vehicles and systems 
operating well with low-density waste, 
prevalent in industrialised countries, will 
not be suitable or reliable under condi-
tions where high organic content and 
density are common. The extra weight, 
abrasiveness of the inert material, such 
as sand and stones, and corrosiveness 
due to the high water content, may 
cause rapid deterioration of equipment. 
Waste with a high biodegradable, water 
or inert content will also have low calorif-
ic value and, thus, be unsuitable for incin-
eration. (Zurbrügg, 2003b, p. 5)

In general, the organic components 
of urban solid waste can be classified 
into three broad categories: putresci-
ble, fermentable and non-fermentable. 
Putrescible waste tends to decompose 
rapidly and, unless carefully controlled, 
its decomposition produces malodours 
and visual unpleasantness. Fermentable 
waste tends to decompose rapidly, but 
without the unpleasant accompaniments 
of putrefaction. Non-fermentable waste 
tends to resist decomposition and to 
break down very slowly. A major source 
of putrescible waste is food preparation 
and consumption. Its nature varies with 
lifestyle, standard of living and seasonal-
ity of foods. Fermentable waste is typi-
fied by crop and market debris. (UNEP, 
2005, p. 1)

Moisture content
Moisture content is determined as follows: 
The sample is weighed as received (“wet 
weight”) and then allowed to stand until it 
is air-dried, i. e. until its moisture content is 
equal to that of the ambient air. The mois-
ture content is then obtained by the  
following formula: 

Mc = 
Ww – Wd   × 100

                
Ww

where:

Mc   = moisture content (in %)

Ww  = wet weight of sample

Wd   = dry weight of sample

(UNEP, 2005, p. 39)

Low-Income  
Countries *

Middle-Income  
Countries+

High-Income  
Countries

Waste generated

(kg / cap. and day)
0.� – 0.� 0.5 – 0.9

0.7 – 1.8

(CH: 1.1)

Waste density

(kg / m3)
��0 – �00 170 – 330 100 – 170

Water content

(%)
�0 – �0 40 – 60 20 – 30

Composition

Organic �0 – �� 20 – 65 20 – 50 (CH: 22)

Paper, cardboard 1 – 10 15 – 40 15 – 40 (21)

Glass and ceramics 1 – 10 1 – 10 4 – 10 (3)

Metal 1 – � 1 – 5 3 – 13 (6)

Plastics 1 – � 2 – 6 2 – 13 (13)

Dust and ash 1 – �0 1 – 30 1 – 20 (5)

Further questions
What are the main processing methods 

of segregated organic wastes?
Ñ

Additional info
UNEP (2005). Solid Waste Management, 

CalRecovery Inc. www.unep.or.jp/Ietc/Pub-
lications/spc/Solid_Waste_Management/
Vol_I/Binder1.pdf (last accessed 28.04.08):

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ
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3 – Technical Aspects

Figure 9: Typical main elements of a solid waste management system in low or middle-income 
countries, where recovery and recycling elements and processes are indicated by the dotted 
arrows. (Eawag/Sandec)

3.1 What are the main storage, collection and transport options?

In developing countries, muscle-powered carts are feasible in most cases for primary transport and  
non-compactor trucks for secondary transport.

Ñ

Solid waste management facilities and 
equipment should be evaluated and ap-
propriate technical solutions designed 
and selected, with careful attention to 
their operating characteristics, perform-
ance, maintenance requirements and ex-
pected life cycle costs. Technical evalua-
tion requires data on waste composition 
and volumes, indications of important 
area-specific variations of waste genera-
tion and its expected changes over time, 
an understanding of the disposal hab-
its and requirements of different user 
groups, as well as an assessment of the 
technical capability of public and/or pri-
vate sector organisations responsible for 
operating and maintaining the systems.

The technical systems established for 
primary collection, storage, transport, 
treatment, and final disposal are often 
poorly suited to the operational require-
ments of the city. In many instances, 
the provision of imported equipment by  
international donors leads to the use 
of inappropriate technology and/or a  
diversity of equipment types, thus  
undermining the efficiency of operation 
and maintenance functions. (Schüberler 
et al., 1996, p. 47)

Some of the typical elements of a  
solid waste management system in de-
veloping countries (depicted in Figure 9) 
will be described in detail in the following 
subchapters.

Primary storage and transport

Every MSWM system (except backyard 
composting or burying of the waste in 
one’s own back yard) includes collection 
in some form or another.

Primary storage
Most collection systems depend on 
some kind of set-out container. In indus-
trialised countries, this is usually a pa-
per or plastic bag, or a metal or plastic  
garbage can. In developing countries or 
rural areas, set-out containers include 
bags, pots, plastic or paper bags, cane 

or reed baskets, concrete or brick vats, 
urns, boxes, clay jars, or any other kind 
of container available.

In some places, waste is stored in a 
pit in front of the house while awaiting 
collection. In other places, any type of 
container can be used to store or organ-
ise waste. Storage containers are often 
insufficient and waste is simply piled up 
or heaped in the street or on the ground 
to await collection. In places with com-
munity transfer, residents use bags or 
baskets for carrying waste to the con-

tainers. The increasingly available non-
biodegradable plastic bags are becoming 
a problem for composting. Industrialised 
countries have developed special con-
tainers for certain recyclable materials.

The choice of set-out container has an 
important effect on collection effective-
ness. Containers like baskets or paper 
bags allow waste to have contact with 
air, thus promoting decomposition while 
discouraging the formation of anaerobic 
odours. (UNEP-IETC et al., 1996, Chap-
ter 1.3.2)

Animal f eed Middle me n Industry

Househol d

Primar y Collectio n

Marc hants

Compostin g Transposrt point

Agriculture
Horticul ture

Seconda ry
collectio n

Disposal
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Photo 3: Kerbside containers in Thailand. 
(Source: Eawag/Sandec)

3 – Technical Aspects

Communal collection
In communal collection – very common 
in developing countries – individuals 
bring their waste directly to the collec-
tion point, usually a container that can be 
accessed on foot. In a somewhat similar 
vein, some European cities require resi-
dents to take their wheeled containers 
to a specific location on the day of col-
lection and retrieve them when emptied. 
Industrialised countries also use commu-
nal collection in rural areas, where most 
waste is brought by car, or separate  
collection of recyclables, household  
hazardous waste or specific materials 
such as leaves.

Communal collection is a particularly 
appropriate means of organising collec-
tion, where household collection is im-
possible or marginally feasible, where  
inadequate resources are allocated to 
poor areas, or where local customs  
promote it. The solid waste authority 
may choose to set up containers on 
street corners, at various spots along a 
densely populated road or at the edge 
of a neighbourhood accessible to both  
generators and collection vehicles.

An advantage of communal collection 
points for household waste drop-off is 
their more or less continuous access to 
disposal or materials recovery facilities. 
The disadvantages of communal collec-
tion are that such facilities may receive 
little attention from municipal authori-

ties, and residents may deposit danger-
ous materials in or near the container.

Sound practice in communal collec-
tion design presupposes awareness of 
the inherent conflict between the phys-
ical demands imposed by public con-
venience in disposal and the strategies 
required to maintaining cleanliness and 
control waste pickers, odours, vectors, 
animals, flies, and other insects.

Sound practice also presupposes the 
availability of an adequate number of 
easy to use containers by the entire pop-
ulation, including the children. The re-
sponsible authority must carry out very 
frequent collection (often daily) and must 
be committed to cleaning up overflows. 
(UNEP-IETC et al., 1996, Chapter 1.3.2)

Primary transport
Muscle-powered carts, wagons and rel-
atively small rickshaws pulled, pushed 
or foot-pedalled, bicycles or animals are  
important sound practice for MSW col-
lection in many developing countries and 
rural hilly areas of transition countries. 
Compared to other means of transport, 
such vehicles are inexpensive and easy 
to build and maintain. In many cases, 
muscle-powered vehicles represent the 
soundest mix of capital, labour and avail-
able resources for waste or materials col-
lection.

Small-scale collection can also be con-
ducted by electric or propane-powered 

Muscle-powered or micro-mechanical 
vehicles work well:

in densely populated areas of limited 
street access or unpaved roads;

in squatter settlements;

on hilly, wet or rough terrain; and

with relatively small waste volumes 
from a relatively large number of dense-
ly populated housing units. 

Muscle-powered vehicles exhibit the  
following disadvantages:

use of animals or human power is per-
ceived by some as old-fashioned or 
shameful;

the vehicles have a limited travelling 
range and are generally slower than fuel-
powered vehicles;

animals pulling such vehicles leave 
waste, which must be cleaned up;

weather exposure has a greater effect 
on humans and animals when they are 
not in motorised vehicles; and

problems associated with animal charac-
teristics, health etc.

•

•

•

•

•

•

•

•

•

Photo 4: Primary collection by wheelbarrow, Pakistan. (Source: Eawag/Sandec)

vehicles servicing a small or inaccessible 
area in combination with a larger “host” 
vehicle. Muscle-powered primary collec-
tion (or micro-collection) may be coupled 
with transfer into a larger “host” vehicle 
at the edge of the neighbourhood. This 
is sometimes done with street sweep-
ing or materials recovery in industrial-
ised countries. (UNEP-IETC et al., 1996, 
Chapter 1.3.2)
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Secondary storage (transfer point) and collection

3 – Technical Aspects

Transfer refers to the movement of 
waste or materials from the primary col-
lection vehicle to a secondary, generally 
larger and more efficient, transport vehi-
cle. While virtually all waste systems in-
clude collection, not all offer transfer.

The point of transfer is often re-
ferred to as “transfer station” or “trans-
fer point”. Primary collection vehicles 
bring their waste to a transfer station 
and dump it. It is then transferred, with 
or without compaction, to other vehi-
cles for a longer haul to a disposal site. 
Transfer, which may include a short  
storage period, also provides a point of 
access to the waste or material stream 
and an opportunity to remove certain 
materials or perform processing, such as  
shredding, compacting, screening, wet-
ting or drying.

Transfer stations are sound practice 
where i) vehicles servicing a collection 
route are required to travel a shorter dis-

tance, unload and quickly return to their 
primary task of collecting the waste; ii) 
in industrialised countries, and where 
waste from large urban areas in develop-
ing countries is disposed of in large, new 
landfills, incinerators and composting  
facilities, increasingly designed to serve 
a number of communities or an entire re-
gion and thus sited a considerable dis-
tance from the collection service areas. 
In theses circumstance, transfer stations 
can be very attractive, since transporting 
waste from the route to the facility takes 
longer and uses more fuel.

Transfer tractor-trailers or compact-
ing trucks can carry larger MSW volumes 
than regular collection vehicles, thus al-
lowing them to travel longer distances 
and carry more waste. This lowers fuel 
costs, increases labour productivity and 
saves on vehicle wear. Drawbacks of 
transfer stations include the additional 
capital costs of purchasing vehicles and 

Photo 5: Transfer point in Indonesia. (Source: Eawag/Sandec)

building transfer stations, and the extra 
time, labour and energy needed to trans-
fer waste from collection vehicles to 
transfer trailers.

Some developing countries have 
transfer stations similar to the type  
described above, including non-mecha-
nised, local transfer points serving the 
special needs of particular collection 
service areas. A micro-collection vehicle, 
designed to service a hilly or a densely 
populated area with narrow or congested 
streets, can transfer its load to a larger 
vehicle or a stationary container at such 
a transfer point. This even allows to serv-
ice collection areas that are inaccessible 
to a truck. Such transfer points may also 
degenerate into unregulated dumps in 
the absence of institutional commitment 
and managerial capacity to ensure their 
efficient operation. (UNEP-IETC et al., 
1996, Chapter 1.3.3)
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3 – Technical Aspects

Compactor trucks work well where:
paved roads are wide enough to allow 
passage and turning;

waste is set out in containers or bags for 
the crews to pick them up quickly; and

density and moisture content of the 
waste is low. 

Compactors work poorly where:
the waste stream is either very dense  
or very wet, such as mixed waste in  
developing countries or newspapers  
in developed countries;

the materials collected are source- 
separated organics or materials with 
a septic content; compaction tends to 
squeeze out the moisture and discharge 
it as leachate;

collected materials are gritty or  
abrasive; and

roads are very dusty.

•

•

•

•

•

•

•

Non-compactor trucks
Non-compactor trucks are more effi-
cient and cost-effective than compactor  
vehicles in small cities and areas where 
waste tends to be very dense and has a 
limited potential for compaction. Use of 
lighter, more energy-efficient box-trucks, 
vans and dump trucks can be appropri-
ate for sparsely populated areas, where  
distance is the main constraint to collec-
tion efficiency.

Non-compactor trucks used for waste 
collection usually require a dumping 
system to easily discharge the waste. 
Nevertheless, dump trucks with a high 
loading capacity may not offer the best 
choice for a non-compactor truck. Non- 
compactor trucks generally need to be 
covered to prevent residues from flying 
off the truck and/or rain from soaking the 
waste. (UNEP-IETC et al., 1996, Chap-
ter 1.3.2)

Further questions
How can operational integration and reli-

ability of technical systems be achieved  
despite diverse local collection needs, large 
number of different actors and decision-
makers, as well as incremental develop-
ment of facilities and equipment?

Ñ

Additional info
UNEP-IETC and HIID (1996): Internation-

al Source Book on Environmentally Sound 
Technologies for Municipal Solid Waste 
Management. UNEP, International Envi-
ronmental Technology Centre. www.unep.
or.jp/ietc/ESTdir/pub/MSW/index.asp (last 
accessed 28.04.08)

Available from the Internet.

Ñ

Photo 6: Compactor truck in Vietnam. (Source: 
Eawag/Sandec)

Compactor trucks
In industrialised countries and cities, use 
of some type of compacting vehicle has 
become the standard sound practice of 
waste collection. A compactor truck:

allows waste containers to be  
emptied into the vehicle from the rear, 
the front or the side;
densely compacts the waste by  
hydraulic or mechanical pressure;
quickly removes the waste from pub-
lic view; and
inhibits vectors and insects from ac-
cessing the waste during collection 
and transport.

The characteristics of compactor trucks 
include:

high capital costs;
sensitive hydraulic mechanisms, 
which must be well maintained in or-
der to function; i. e. they can break 
down if an attempt is made to com-
pact already dense waste;
high fuel and operating costs;
moderate operating skills; and
at least two persons to operate the 
truck under most conditions.

(UNEP-IETC et al., 1996, Chapter 1.3.2)

•

•

•

•

•
•

•
•
•

Advantages of non-compactor trucks
Non-compactor trucks are a sound  
technical practice for solid waste  
collection where:

the waste is generally very wet or 
dense;

labour is relatively inexpensive com-
pared to capital;

highly skilled maintenance is scarce;

collection routes are long and relatively 
sparsely populated;

capital and operating costs are limit-
ed; and

downtime for maintenance must be min-
imised. 

Disadvantages of non-compactor trucks
The main problem associated with the use 
of non-compactor trucks is of political rath-
er than technical nature:

government officials, who attach a low 
status to non-compactor trucks, tend to 
see compactors as a means to modern-
ise their waste collection system;

salesmen recommend compactor trucks 
as the only means of appropriate waste 
transport. This may be true for industrial-
ised countries, but certainly not for most 
developing countries; and

donor agencies from industrialised coun-
tries tend to recommend collection 
equipment considered efficient in their 
own countries, and thus assume that 
compactor trucks make adequate use of 
the funds provided.

•

•

•

•

•

•

•

•

•
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3.2 What are the major organic waste treatment options?

Composting is the main treatment option for organic waste.
Biogasification and vermicomposting are gaining increasing recognition.

Ñ
Ñ

Composting

Solid waste composting for use as a soil 
amendment, fertiliser or growth medi-
um is of prime importance in many coun-
tries. Asian countries in particular have a 
long-standing tradition of making and us-
ing compost. In Western Europe, a range 
of modern technologies is applied to pro-
duce compost.

Nonetheless, composting is the 
waste management system with the 
highest failure rate worldwide. In cit-
ies of developing countries, most large 
mixed-waste composting plants, often 
designed and funded by foreign consult-
ants, have failed or operate at less than 
30 % capacity.

The most frequent problems cited for 
composting failures are: high operation 
and management costs, high transport 
costs, poor quality product as a result of 
poor pre-sorting (especially plastic and 
glass fragments), poor understanding of 
the composting process, and competi-
tion from chemical fertilisers (which are 
often subsidised). In many urban areas, 
collection systems are too unreliable for 
urban authorities to ever consider run-
ning composting facilities efficiently.

While many bio-waste compost-
ing facilities have failed, the majority 
of source-separated composting sys-
tems have succeeded. Yard, garden, res-
taurant, and market waste composting 
projects quietly thrive in every corner 
of the globe. The biological composting 
process is so basic that it is very likely to 
succeed if there is an appropriate input 
stream and proper handling. (UNEP-IETC 
et al., 1996, Chapter 1.4.1)

Although the composting process is 
similar in all areas of the world, industr-
ialised, transition and developing coun-
tries reveal some practical differences. 
The main differences relate to the waste 
stream to be composted, the agricul-
tural traditions associated with produc-
tion and use of compost and the physi-
cal infrastructure of the built and natural 
environment. As regards composting, 
transition countries exhibit similar infra-
structures as industrialised countries, 

however, their waste streams are com-
parable to those of developing countries. 
(UNEP-IETC et al., 1996, Chapter 1.4.2)

Composting Technologies
There are two fundamental types of com-
posting techniques: open or windrow 
composting, a slower process conduct-
ed outdoors with simple equipment, and 
the enclosed system composting, where 
composting is performed in a building, 
tank, box, container or vessel. (Chapter 
adapted from: Dulac, 2001, p. 13 – 14)

In-vessel or enclosed systems. In- 
vessel systems, such as drum and agi-
tated bed technologies or any technical 
system enclosed in a building, require 
complex equipment. These systems 
are highly engineered, capital-intensive 
and have to be managed on a daily ba-
sis, since their automated systems and  
design have to prevent potential health 
risks to workers and the environment. 
Their energy consumption is also sub-
stantial. Ongoing operation and mainte-
nance is critical and less forgiving than 
more passive approaches, as they re-
quire access to specialised pieces of 
equipment, which generally have to be 
manufactured and delivered at a high 
price. The equipment may have been  
designed for specific climatic conditions 
and may not be applicable universal-
ly. They require less land and produce 
compost in a shorter time than open 
systems. Automated in-vessel systems 
cannot always meet the socio-economic 
conditions prevailing in different areas of 
the developing world (e. g. limited educa-
tion and available institutional infrastruc-
ture support, labour rich/capital-poor 
economies). Their operating costs usu-
ally start at US $ 40 per ton, for the least 
expensive variant; more expensive sys-
tems can cost up to US $ 100 per ton.

Open or windrow systems. Open 
composting processes are simpler and  
require less capital and energy. They 
generally rely more on land and labour 

and less on machinery. They require far 
more land and longer periods to pro-
duce compost than enclosed systems. 
In the labour-rich and capital-poor cities 
of Eastern Europe and the South (where 
enclosed systems have a long history of 
failure), they are usually more reliable 
and adapted to local needs, and the local 
authorities are capable of sustaining op-
erations over a longer time period. Oper-
ating costs range from US $ 5 to US $ 20 
per ton, depending primarily on accessi-
bility of the site and turning frequency.

Duration of composting
Composting is completed when the com-
postable materials have entirely turned into 
humus. Compost stability can be tested by 
re-wetting the material to see whether it 
heats up again, thus revealing still uncom-
posted materials in the pile. Most aerobic 
composting systems include a period of 
active composting, generally from 21 to 60 
days, and a period of curing, generally from 
6 to 24 months.

Composting can be accelerated by inten-
sive aeration and inoculation of the piles 
with suitable bacteria. More land is re-
quired when the period of composting 
is longer, as the throughput of waste is 
slower. In places where land for siting is 
scarce, sound practice may entail selection 
of more intensive management practices 
instead of more extensive land use.

(UNEP-IETC et al., 1996, Chapter 1.4.2)

Kitchen waste composting 
versus animal feeding in a waste 
management system
There are many viable systems to feed 
kitchen waste to animals or to collect 
it for livestock feeding. In terms of the 
waste management hierarchy, this rep-
resents a higher use of kitchen waste 
than composting, as more nutrient val-
ue is productively used. (There are, how-
ever, considerable health risks in feeding 
waste to animals).
Whenever a compost system is being 
planned, it is important to evaluate the 
extent to which compostables are al-
ready being diverted to animal feed. Mu-
nicipal authorities are sometimes una-



1�Sandec Training Tool: Module 6

Figure 10: The “safety zone diagram”. 
(Feachem et al., 1983)

3– Technical Aspects

ware of these processes. If people need 
their kitchen waste for animals they 
are unlikely to cooperate with central-
ised composting systems. In developing 
countries, disruption or replacement of 
animal feeding systems with composting 
is generally not sound practice. (UNEP-
IETC et al., 1996, Chapter 1.4.2)

Composting of mixed solid waste
Composting of mixed solid waste is a 
controversial issue. In industrialised and 
transition countries, the waste stream 
is generally too diverse and contains 
too many metals and plastics to al-
low mixed-waste composting to be  
considered sound practice. Technical 
approaches to mixed-waste compost-
ing have relied heavily on mechanical 
pre-processing and separation systems. 
These have generally failed to operate or 
to produce either a clean stream of com-
postables or marketable recyclables. In 
developing countries, the waste stream 
contains high levels of organic waste, 
as the main non-compostables are not 
thrown away but picked out prior to final 
disposal, thus resulting in a highly com-
postable waste stream. Composting it 
by low-cost technology can be consid-

ered sound practice, especially where ur-
ban and peri-urban agriculture provides 
a strong demand for the resulting com-
post. (UNEP-IETC et al., 1996, Chap-
ter 1.4.2) However, waste separation at 
source (household level) is still prefer-
able.

Siting and composting scale
Most compost systems require open 
land for establishing and handling com-
post piles. In many ways, the type of 
land and sites available dictate the choice 
of composting system. Sound practice in 
siting for facilities other than backyard 
bins includes:

selection of a site with access adapt-
ed to the type of transportation;
availability of a buffer area between 
the site and nearby land users to  
minimise waste nuisance and com-
post odours;
appropriate soil for absorption or  
collection of leachate; and
the possibility to place the compost  
indoors to protect it from unfavour-
able weather conditions or to buffer 
the surrounding environment.

(UNEP-IETC et al., 1996, Chapter 1.4.2)

•

•

•

•

Heat treatment
Heat is one of the most effective ways of killing pathogens and the parameter used to 
achieve inactivation in some of the most widely applied processes, such as sewage sludge 
treatment. In Figure 10, inactivation of pathogens is plotted as a function of temperature and 
time. This creates a defined “safety zone” margin. If the corresponding temperature-time  
relationship is achieved throughout the exposed material, it can be considered microbiological-
ly safe for handling and use. For example, efficient microbial inactivation occurs if a tempera-
ture of > 55 °C is maintained for one to a few days. The time and temperature relationship for 
various pathogens have been widely accepted, though “new” pathogens have been identified 
and slight variations in the results have been observed.

To treat excreta, thermophilic digestion (50 °C for 14 days) or composting in aerated piles for 
one month at 55 – 60 °C (+ 2 – 4 months further maturation) are recommended and a gener-
ally accepted procedure. Recommendations for treatment of e. g. sewage sludge and organic 
household waste (food waste) also rely on such temperatures (Danish EPA, 1996; EC, 2000; 
Swedish EPA, 2002).

Haug (1993) states that composting at  
55 – 60 °C for a day or two should be suffi-
cient to kill essentially all pathogens. The  
cited regulations above rely on longer peri-
ods in order to provide a handling margin. It 
is common that cold zones are formed with-
in the digested or compost material, result-
ing in local areas with less inactivation and 
possible regrowth of pathogenic bacteria. 
Digestion and composting also aim at de-
grading and stabilising organic material. For 
faeces, inactivation of pathogens is of key 
importance. A composting process will also 
decompose toilet paper, making the  
material more aesthetical and suitable for 
agricultural use.

(Schönning et al., 2004, p. 21 – 22)

Backyard composting
Backyard composting can be both an  
individual strategy for managing house-
hold kitchen and garden waste and a  
formal strategy for managing the organic 
waste stream in a region. Backyard com-
posting is the smallest composting scale 
and offers a sound approach if:

a significant number of households 
have individual or collective yards or 
gardens, and enough available space 
for a compost pile;
composting is culturally accepted by 
most people; and
the waste stream to be composted 
contains primarily vegetable matter, 
as rodents and insects are easier to 
control if animal matter is scarce.

(UNEP-IETC et al., 1996, Chapter 1.4.2)

Decentralised neighbourhood, block 
or business-scale composing
The next larger composting scale is the 
neighbourhood, block or business-scale 
composting site. Such facilities can pro-
vide a waste management opportunity 
to a small group of people at relatively 
low cost. Small-scale composting uses 
the waste of a number of households, 
shops or institutions. Sound practice for 
siting neighbourhood composting sites 
requires that they:

be accessible to all who want to use 
them;
be clearly designated with signs that 
all users and non-users can read or  
interpret;
be sited with the agreement of the 
surrounding land users;
have adequate fencing or control 
to prevent their becoming an open 
dump; and
have appropriate soil to absorb lea-
chate.

A compost monitor or supervisor should 
be elected from within the user commu-
nity to maintain order and cleanliness. 
Sound practice generally requires the 
municipal authority to provide techni-
cal and logistical support for removal of 
undesired items or turning of the piles. 
(UNEP-IETC et al., 1996, Chapter 1.4.2)

•

•

•

•
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Example of sound practice: The Jakarta 
composting experiments
Development of community-based com-
posting in Jakarta is a good example of a 
sound composting practice in a develop-
ing country. Aid from Australia, Germany, 
the Netherlands, and New Zealand helped 
to initiate pilot projects in Jakarta in the 
1980s. Later, the Harvard Institute for In-
ternational Development (HIID) and the 
Centre for Policy Implementation Stud-
ies, supported by the Government of In-
donesia and the Jakarta City government, 
worked on a model for operating small-
scale, neighbourhood composting in Ja-
karta. Starting around 1992, several small 
composting enterprises were set up in Ja-
karta. The Jakarta experiments incorpo-
rated sound practice in small-scale com-
posting in similar cities, while enhancing 
the role of the informal sector. The project 
trained individuals already involved in ma-
terials processing and taught them the ba-
sics of composting. A second element was 
compost market stimulation through train-
ing the intermediate buyers of recyclables 
to understand the physical and commer-
cial properties of the compost. In the pilot 
project, measures were taken to protect 
the workers’ health, however, it is uncer-
tain if these precautions will be observed 
when and if private entrepreneurs take 
over the model and operate it as a 
business. Sound practice would be a  
follow-up of the pilot projects by creating 
the necessary urban infrastructure to  
facilitate more enterprises and monitor  
the labour conditions.

The Jakarta research project provides a 
good example of how cities can begin to 
examine possible sound practices in mu-
nicipal solid waste composting. An assess-
ment of small-scale, multi-source com-
posting projects in Jakarta and Bandung in 
1994, suggested that such composting can 
achieve important waste reductions and 
contribute to improving the neighbourhood 
environment. Good management and mar-
ket research as well as a consistent institu-
tional support system are essential for the 
lasting success of such projects.

(UNEP-IETC et al., 1996, Chapter 1.4.4)

Centralised composting at the 
municipal scale
In centralised composting of waste from 
multiple sources, the waste is transport-
ed from several points to a facility capa-
ble of receiving 10 to 200 tons per day.
Municipal-scale composting plants re-
ceive waste from a single jurisdiction, 
usually a city, including occasionally as-
sociated suburbs or squatter settle-
ments. Differences in scale, manage-
ment, financing, and siting distinguish 
municipal-scale, centralised plants from 
regional facilities. At this scale, sound 
practice for siting the compost facility in 
industrialised countries must usually be 
a formal process that includes:

a technical assessment of the area, 
soil and geographic attributes of  
potential sites;
the involvement of engineering and 
design professionals in site selection 
and design;
an environmental assessment of  
potential sites, a formal evaluation 
and selection process to involve all 
stakeholders;
a formal remediation or compensa-
tion programme to minimise and/or 
compensate for nuisance from traffic, 
odour, leachate, and noise at the com-
posting site;
a separate collection and/or pre-
processing system to ensure that only 
desired materials actually enter the 
composting system, and appropriate 
attention to the role of waste pickers 
or the informal sector in pre-process-
ing and recovery of non-composta-
bles; and
a formal system for using and/or  
marketing the finished compost.

•

•

•

•

•

•

Decentralised composting at village 
and community-scale
Composting is clearly sound practice 
for management of compostable waste 
streams at village or community-scale. 
Centralised composting of this type, 
whether privately or publicly developed, 
must fall under the jurisdiction of the mu-
nicipal or community authorities, which 
accept responsibility for its operation. 
These facilities will generally be in the 
range of 2 to 50 tons per day, depend-

In addition to the siting and design re-
quirements cited above, sound practice 
for regional-scale composting includes:

a siting process that takes into ac-
count the equity effects of siting a 
compost plant for several jurisdictions 
within the boundaries of one of them. 
A frequent strategy here is to distrib-
ute the sites for landfill, compost plant 
and incinerator (if part of the system) 
among the different municipalities.
agreements between the participat-
ing municipalities or jurisdictions for 
siting, design, financing, operations, 
maintenance, environmental compli-
ance, and billing for services;
enforceable protocols for the quali-
ty and composition of the composta-
ble materials delivered to the facility, 
since failure of separation from any 
one source can contaminate the com-
post for all participating jurisdictions;
agreements between the jurisdictions 
for use, take-back and marketing of 
the finished compost;
waste delivery agreements and com-
mitments from the various participat-
ing jurisdictions; and
designated routes for delivery of com-
postables.

(UNEP-IETC et al., 1996, Chapter 1.4.2)

Composting at landfill and 
incineration sites
Composting facilities may be located at 
landfill sites, particularly in developing 
countries, but increasingly also in indus-
trialised countries. This allows separate 
collection of organics or yard waste to be 
processed at the landfill. Siting is simpli-
fied or rolled into the landfill siting proc-
ess. Here, sound practice differs in in-
dustrialised and developing countries. In 
industrialised countries, sound practice 
will usually require the composting op-
erations to be separate from the land-
fill, have their own scale or separate 
entrance, and resulting compost to be 
split between a low-quality product used 
in landfill operations as daily and final  
cover, and a high-quality used for other 
purposes.

•

•

•

•

•

•

ing on the size of the community and 
volume of compostable materials in the 
waste stream.
Siting is important, and sound practice 
requires neighbourhood composting op-
erations to follow the siting guidelines 
listed above. At this scale, the site may 
have to accommodate more compost 
turning, processing, screening, and stor-
age than at smaller scales. (UNEP-IETC 
et al., 1996, Chapter 1.4.2)
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Major composting factors to be considered
Siting: Compost facilities must be reasonably close to the input stream and potential users 
should meet the needs of the nearby community.

Input stream: Source-separated organics are best. However, in most developing countries, 
this is not always possible. Mixed waste can be processed to yield acceptable compost.

Selection of appropriate technology: The technology chosen must be adequate for the input 
stream and level of economic development of the country.

Scale: A smaller-scale facility often facilitates careful composting and formation of a good 
product.

Market development: Governments generally need to stimulate the compost market. Qual-
ity standards are an important marketing element.

Existing compost practices using compost from dumps and garbage dump farming: These 
traditional activities, while often dangerous could, in some instances, be safe if they include 
an adequate testing programme.

•

•

•

•

•

•

In developing countries, where the 
waste stream has a sufficiently high or-
ganic fraction, waste may be left to de-
compose at the landfill or dump. In cas-
es of natural composting, sound practice 
requires clear decisions about the role of 
decomposition processes in landfill man-
agement, whether or not remove the top 
layers of material once partially decom-
posed, for further composting or use in 
agriculture, and whether farmers should 
be allowed to remove compost from 
the landfill or dump. (UNEP-IETC et al., 
1996, Chapter 1.4.2)

Vermicomposting

Vermicomposting, also called vermicul-
ture or worm composting, is a relatively 
cool but aerobic composting process in 
which certain varieties of redworms and 
earthworms can be used to break down 
organic materials. Worms mechanically 
break down compostables and partially 
decomposed materials by eating them, 
and biochemical decomposition occurs 
via bacteria and chemicals in the worms’ 
digestive system.

Vermiculture requires considerable  
labour and carefully controlled compost-
ing conditions, including temperature, 
moisture and the mix of ingredients. Its 
success to date is limited to relative-
ly small-scale or pilot programmes. The 
use of vermicomposting in centralised 
or village-scale composting systems is 
currently being explored in pilot projects. 
Considerable work was conducted in 
Manila in the 1970s; however, the mar-
kets for the resulting worm castings did 
not develop.

Vermiculture can be carried out by 
small-scale enterprises in a cottage-- 
industry manner. Since worms are easily 
affected by impurities, the organic waste 
should be source-separated domestic or 
market waste.

Vermiculture produces a superior  
fertiliser-type product. However, the 
available information is not enough to 
indicate whether sufficient markets ex-
ist to absorb worm castings on a scale 

that would significantly contribute to mu-
nicipal waste reduction. Since vermicul-
ture does not necessarily kill all patho-
gens, some viruses and parasites may 
survive the process. Therefore, if the in-
put materials present a high pathogen 

In this prepupae life stage, their bodies are rich in protein and fat, thus making them an ex-
cellent component of animal feed for aquaculture or poultry production. Feeding experiments 
in aquaculture that replace fishmeal by larvae meal revealed highly promising results (Bond-
ari and Sheppard, 1981; St-Hilaire et al., 2007). Such feedstuff of animal origin also becomes 
a very attractive and urgently needed alternative to the rapid and increasing global role of 
aquaculture and its ecologically and economically questionable demand for fishmeal, current-
ly reflected by a steady increase in market prices. Given this situation, waste management 
processes using the Black Soldier Fly larvae may not only become a self-sustained waste 
treatment option, but also a profitable and flourishing business.

(Diener et al., 2008)

Adul t
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Eggs
4d

Pupa e

~ 14d
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Larvae
~ 14d

Black Soldier Flies
Sandec is evaluating a new technology in a 
simple facility promising to combine waste 
treatment and the generation of a valuable 
(by-)product, i. e. an organism feeding on 
waste itself. The life cycle (cf. Fig. 11) of 
the non-pest Black Soldier Fly, Hermetia  
illucens fits this purpose extremely well.

The larvae voraciously feed on organic 
material and reduce its dry mass by 40 – 
50 %. This figure is similar to the reduction 
achieved by composting or biogas diges-
tion units. However, it is not only the abil-
ity to reduce waste that makes the Black 
Soldier Fly a promising waste manager.  
After the larvae have fed extensively on 
waste, the last larval stage or so-called pre-
pupae crawl out of the waste in search of a 
dry pupation site. This migration stage may 
be used to harvest the prepupae by simply 
channelling their migratory paths into a  
collection vessel.

Figure 11: Life cycle of the Black Soldier Fly, 
Hermetia illucens at 25 °C

risk, the finished product could still con-
tain pathogens. This may be of particular 
concern in developing countries, where 
waste used in vermicomposting may not 
be source-separated. (UNEP-IETC et al., 
1996, Chapter 1.4.2)
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Biogas is produced by bacteria biode-
grading organic matter under anaero-
bic conditions. The natural generation of  
biogas is a key component of the bio- 
geochemical carbon cycle. Methanogens 
(methane producing bacteria) are the last 
link in a chain of microorganisms degrad-
ing organic material and returning the 
decomposition products to the environ-
ment. Biogas – a source of renewable 
energy – is generated in this process.

Biogas is a mixture of gases mainly 
composed of:

Methane (CH4): 40 – 70 vol.%
Carbon dioxide (CO2): 30 – 60 vol.%
Other gases: 1 – 5 vol.%

The calorific value of biogas is approx-
imately 6 kWh/m3 and equivalent to 
about half a litre of diesel oil. The net cal-
orific value depends on the efficiency of 
the burners or appliances. Methane is 
the valuable component of biogas when 
used as a fuel. (ISAT et al., p. 4 – 5)

“Methane fermentation”, “meth-
ane production” and “anaerobic diges-
tion” are among the terms frequently 
used to designate biogasification. Here,  
biogasification is defined as the decom-
position of organic matter of biological 
origin under anaerobic conditions with 
an accompanying production primarily of 
methane (CH4) and secondarily of oth-
er gases, mainly carbon dioxide (CO2). 
(UNEP, 2005, p. 259)

Every year, some 590 – 880 million 
tons of methane are released world-
wide into the atmosphere by micro-
bial activity. About 90 % of the emit-
ted methane are derived from biogenic 
sources, i. e. from the decomposition 
of biomass. The remainder is of fos-
sil origin, such as petrochemical proc-
esses. (ISAT et al., p. 4). As indicated in  
Table 5, methane acts as a strong green-
house gas.

Anaerobic digestion (AD) or biometh-
anation of organic solid waste is con-
sidered a promising treatment option 

•
•
•

Global Warming Potential (GWP) for Given Time Horizons

20-yr 100-yr 500-yr

Carbon dioxide 1 1 1

Methane 72 25 7.6

Table 5: Comparison of global warming potentials of CH4 and CO2 (GWP of CH4 includes indirect 
effects caused by enhanced ozone and stratospheric water vapour). (IPCC, 2007)

to digest waste. This process is already 
widespread in industrialised countries 
and is gaining increased importance giv-
en the growing demand for renewable 
energy and high market prices for fuel. 
In low and middle-income countries, AD 
is currently common mainly in rural are-
as, with livestock manure as major feed-
stock. However, accessible knowledge 
and information on technical and opera-
tional feasibility, challenges and oppor-
tunities are limited as regards urban or 
peri-urban settings where predominantly 
organic solid waste is available as feed-
stock. Nevertheless, in South India, nu-
merous biogas plants treating kitchen 
and market waste have already been in 
operation for a few years. (Vögeli et al., 
2008)

ARTI
The ARTI compact biogas plant, developed in India, is a small, household system designed 
to treat 1 – 2 kg of food waste per day. This already widespread system in South India is now 
also being promoted in Tanzania and Uganda.

Although it is considered a successful approach, data on its performance in Africa is rather 
scarce yet. More information will be needed to acquire a better assessment of this treatment 
option. Monitoring of an ARTI biogas plant at household level and experiments at the Ardhi 
University of Dar es Salaam shall provide reliable data on daily gas production, gas composi-
tion, effluent quality, suitability of this technology for different feedstock, and operating con-
venience. This project was launched in July 2008 in collaboration with the Ardhi University of 
Dar es Salaam and the University of Applied Sciences in Zurich. (Vögeli et al., 2008)

Photo 7: ARTI biogas plant in Dar es Salaam. (Source: Eawag/Sandec)

Advantages of the biogas 
technology
Well-functioning biogas systems can 
yield a wide range of benefits for their 
users, society and the environment in 
general:

production of energy (heat, light, elec-
tricity);
transformation of organic waste into a 
high quality fertiliser;
improvement of hygienic conditions 
through reduction of pathogens, 
worm eggs and flies;
reduction of workload, mainly for 
women, in firewood collection and 
cooking;
environmental advantages through 
protection of soil, water, air, and 
woody vegetation;
micro-economical benefits through 
energy and fertiliser substitution, 
additional sources of income and  
increasing yields from animal hus-
bandry and agriculture;
macro-economical benefits through 
decentralised energy generation, im-
port substitution and environmental 
protection.

(ISAT et al., p. 5)

•

•

•

•

•

•

•
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Biogasification process
The process of biogasification can be 
divided into three steps. The overall 
process rests on the maintenance of a 
relatively critical balance between the re-
spective activities of the three stages. 
An imbalance reduces the efficiency of 
the overall process and may lead to the 
complete standstill of all microbial activ-
ity when no methane production occurs. 
Immediately after its initiation, the se-
quence of readily observable reactions in 
a continuous culture is a gradual decline 
in pH level (the acid stage), followed 
by a similarly gradual rise in pH level, 
and eventually by the production of a  
methane-rich gas (the methane produc-
tion stage). (UNEP, 2005, p. 260 – 261)

Parameters and process 
optimisation
The metabolic activity involved in micro-
biological methanation is dependent on 
the following factors:

Substrate temperature
Available nutrients
Retention time (flow-through time)
pH level
Nitrogen inhibition and C:N ratio
Substrate solid content and agitation
Inhibitory factors

Each of the various types of bacteria re-
sponsible for the three stages of metha-
nogenesis is affected differently by the 
above parameters. Due to the interactive 
effects between the various determin-
ing factors, accurate quantitative data on 
gas production as a function of the above 
factors is not available. (ISAT et al., p. 11)

Substrate temperature. Anaerobic  
fermentation is in principle possible  
between 3 °C and approximately 70 °C. 
Differentiation is generally made be-
tween three temperature ranges:

the psychrophilic temperature lies be-
low 20 °C,
the mesophilic temperature ranges 
between 20 °C and 40 °C and
the thermophilic temperature lies 
above 40 °C.

The rate of bacteriological methane pro-
duction increases with temperature. In 
general, unheated biogas plants perform 
satisfactorily only where mean annual 

•
•
•
•
•
•
•

•

•

•

temperatures are around 20 °C or above, 
or where the average daily tempera-
ture is at least 18 °C. Within the range of  
20 – 28 °C mean temperatures, gas pro-
duction increases over-proportionally. If 
the temperature of the biomass is be-
low 15 °C, gas production will be so low 
that biogas production is no longer eco-
nomical.

The process of biomethanation is very 
sensitive to temperature fluctuations. 
The degree of sensitivity is, in turn, de-
pendent on the temperature range. Brief 
fluctuations not exceeding the following 
limits may be regarded as still un-inhibi-
tory with respect to the process of fer-
mentation:

psychrophilic range: ± 2 °C/h
mesophilic range: ± 1 °C/h
thermophilic range: ± 0.5 °C/h

Temperature fluctuations between day 
and night are no great problem for plants 
built underground, since the temperature 
of the earth below a depth of one meter 
is practically constant. (ISAT et al., p. 11)

Retention time. For continuous sys-
tems, the mean retention time is ap-
proximated by dividing the digester vol-
ume with the daily influent rate. Effective  
retention time may vary widely for the in-
dividual substrate constituents, depend-
ing on vessel geometry, type of mixing 
procedure etc. Selection of a suitable re-
tention time thus depends not only on 
the process temperature, but also on the 
type of substrate used.

The following approximate values 
apply to liquid manure undergoing fer-

•
•
•

mentation in the mesophilic tempera-
ture range:

liquid cow manure: 20 – 30 days
liquid pig manure: 15 – 25 days
liquid chicken manure: 20 – 40 days
animal manure mixed with plant  
material: 50 – 80 days

If retention time is too short, the bacteria 
in the digester are “washed out” faster 
than they can reproduce, and fermenta-
tion practically comes to a standstill. This 
problem rarely occurs in agricultural bi-
ogas systems. (ISAT et al., p. 12)

pH value. The methane-producing bac-
teria live best under neutral to slight-
ly alkaline conditions. Once the proc-
ess of fermentation has stabilised under 
anaerobic conditions, the pH will normal-
ly range between 7 and 8.5. Due to the 
buffer effect of carbon dioxide-bicarbo-
nate (CO2 - HCO3

-) and ammonia-ammo-
nium (NH3 - NH4

+), the pH level is rare-
ly taken as a measure of substrate acids 
and/or potential biogas yield. A digester 
containing a high volatile-acid concentra-
tion requires a somewhat higher-than-
normal pH value. If the pH value drops 
below 6.2, the medium will have a tox-
ic effect on the methanogenic bacteria. 
(ISAT et al., p. 12)

Nitrogen inhibition and C:N ratio. All 
substrates contain nitrogen. For higher 
pH values, even a relatively low nitrogen 
concentration may inhibit the process of 
fermentation. Noticeable inhibition oc-
curs at a nitrogen concentration of rough-
ly 1700 mg ammonium-nitrogen (NH4-N) 
per litre substrate. Nonetheless, given 

•
•
•
•

Figure 12: The three-stage anaerobic fermentation of biomass. (ISAT et al.)
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enough time, the methanogens are ca-
pable of adapting to NH4-N concentra-
tions in the range of 5000 – 7000 mg/
l substrate, the main prerequisite being 
that the ammonia level (NH3) does not 
exceed 200 – 300 mg NH3-N per litre 
substrate. The rate of ammonia dissoci-
ation in water depends on the process 
temperature and pH value of the sub-
strate slurry.

Microorganisms need both nitrogen 
and carbon for assimilation into their 
cell structures. Various experiments 
have shown that the metabolic activity of 
methanogenic bacteria can be optimised 
at an approximately 8 – 20 C:N ratio, 
whereby the optimum point varies from 
case to case, depending on the nature of 
the substrate. (ISAT et al., p. 12 – 14)

Substrate solids agitation. Many sub-
strates and various modes of fermenta-
tion require some sort of substrate ag-
itation or mixing in order to maintain 
process stability within the digester. The 

Further questions
What are the consequences of land-

spreading untreated organic waste?
Ñ

Additional info
UNEP-IETC and HIID (1996): Internation-

al Source Book on Environmentally Sound 
Technologies for Municipal Solid Waste 
Management. UNEP, International Envi-
ronmental Technology Centre. www.unep.
or.jp/ietc/ESTdir/pub/MSW/index.asp (last 
accessed 28.04.08) 

Available from the Internet.

Rothenberger, S., Zurbrügg, C., Sin-
ha, M., Enayetullah, I.(2006): Decentral-
ised Composting for Cities of Low and 
Middle-Income Countries. A Users’ Manu-
al. Eawag/Sandec. www.eawag.ch/organ-
isation/abteilungen/sandec/publikationen/
publications_swm/downloads_swm/de-
comp_Handbook_loRes.pdf (last accessed 
28.04.08)

ISAT and GTZ: Biogas Digest. www.gtz.
de/de/dokumente/en-biogas-volume1.pdf 
(last accessed 28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

Ñ

Ñ

most important objectives of agitation 
are:

removal of the metabolites produced 
by the methanogens (gas)
mixing of fresh substrate and bacterial 
population (inoculation)
preclusion of scum formation and sed-
imentation
avoidance of pronounced temperature 
gradients within the digester
provision of a uniform bacterial popu-
lation density
prevention of the formation of dead 
spaces that would reduce the effec-
tive digester volume.

(ISAT et al., p. 14)

Inhibitory factors. The presence of 
heavy metals, antibiotics (Bacitracin, Fla-
vomycin, Lasalocid, Monensin, Spiramy-
cin etc.) and detergents used in livestock 
husbandry can have an inhibitory effect 
on the process of biomethanation. (ISAT 
et al., p. 14)

•

•

•

•

•

•
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Using recycled plastics in road construction
Reusing plastic waste to pave roads is an experiment that has been successfully conducted 
in many places, such as Kalamassery in Kerala, in Kolkata and Bangalore. The first technology 
approach, developed by Bangalore-based K K Plastic Waste Management Limited, entails the 
use of plastic waste along with bitumen - the conventional ingredient to pave roads. Not only 
does the road become a receptacle for plastic waste, but it also has a better grip.

The process

The plastic waste products (bags, cups and so forth) made out of polyethylene, polypropylene 
and polystyrene are separated, cleaned if necessary, and shredded into small pieces to allow 
their passage through a 4.35-millimetre sieve. The aggregate (granite) is heated to 170 °C in 
the mini hot-mix plant; the shredded plastic waste subsequently added softens and coats the 
aggregate. The hot bitumen (160 °C) is directly added and mixed well. As the polymer and  
bitumen are molten, they mix and the blend coats the surface of the aggregate. The mixture 
is transferred to the road for paving.

(Zhu et al., 2007)

refuse is mixed with water and ground 
into slurry in the wet pulper resembling 
a large kitchen disposal unit. Large piec-
es of metal and other non-pulpable mate-
rials are pulled out by a magnetic device 
before loading the slurry from the pulper 
into a centrifuge, the so-called liquid cy-
clone. Here, the heavier non-combusti-
bles, such as glass, metals and ceramics 
are separated out and sent on to a glass 
and metal-recovery system; other, light-
er materials go to a paper fibre recovery 
system. The final residue is either incin-
erated or used as landfill. (Abubakar et 
al., 2006, p. 6)

Further questions
Is full cost-recovery of solid waste  

management possible through recycling?
Ñ

Additional info
Abubakar, E. and Bello, M. (2006): Mu-

nicipal Solid Waste Management: Options 
for Developing Countries, IPAC Technical 
Meeting. EEMS Limited, Kaduna, Nigeria. 
www.eemslimited.com/issues/msw_op-
tions.pdf (last accessed 28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

3.3 What are the recycling options for non-organic waste?

While sophisticated waste processing units reclaim large amounts of MSW in industrialised countries,  
it is the informal sector in the DCs that sorts out waste and sells the recovered materials to vendors and 
specialised recycling units.

Ñ

Public interest in recycling has increased 
dramatically over the last 15 years 
throughout the industrialised world, and 
is presently gaining ground in develop-
ing countries. This interest has been driv-
en in the developed economies by a va-
riety of factors, including concerns about 
increasing waste generation, dwindling 
landfill capacity, air pollution from incin-
eration, and a general appreciation of the 
need for environmental protection. In re-
sponse, a wide array of policies, regu-
lations and programmes have been im-
plemented. These include changing the 
requirements for recycling in households 
and businesses, banning recyclables 
from being landfilled, creating deposit-
refund programmes and financial incen-
tives for source separation and waste 
reduction. Other policies have been de-
signed to stimulate the demand for recy-
cled materials. These include guidelines 
for buying recycled products, require-
ments for a minimum recycled content 
and tax incentives for products with re-
cycled content.

In some countries, comprehensive 
extended producer responsibility (EPR) 
frameworks have been introduced to tar-
get both supply and demand. EPR poli-
cies shift the responsibility for meeting 
government-specified recycling targets 
to the industries that produce the recycla-
bles. Governments are also increasingly 
encouraging industries to adopt envi-
ronmental management systems (EMS). 
These holistically address waste genera-
tion through source reduction, reuse and 
recycling. (Abubakar et al., 2006, p. 6)

In developing countries, recycling in-
organic materials from municipal solid 
waste is often a well-developed activi-
ty performed by the informal sector, al-
though such activities are seldom rec-
ognised, supported or promoted by 
the municipal authorities. Some of the 

key factors affecting the potential for  
resource recovery comprise the cost 
of the separated materials, their purity, 
quantity, and location. Storage and trans-
port costs are major factors governing 
the economic potential of resource re-
covery.

In many low-income countries, the 
fraction of materials extracted for re-
source recovery is extremely high, the 
work very labour-intensive and the in-
come very low. In such situations, cre-
ation of employment is the main eco-
nomic benefit of resource recovery. The 
conditions in industrialised countries are 
totally different, as resource recovery is 
conducted by the formal sector within a 
legal framework and with a general pub-
lic concern for the environment and gen-
erally high costs. (Zurbrügg, 2002, p. 23)

Solid waste recycling is an ancient 
practice. In prehistoric times, the met-
al fraction was melted and recast. Re-
cyclable materials are currently recov-
ered from municipal refuse by various 
methods, including shredding, magnet-
ic separation of metals, air classification 
that separates light from heavy fractions, 
screening, and washing. Another meth-
od of recovery in industrialised countries 
is the wet pulping process: Incoming 
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3.4 What are the final disposal options and how are they  
characterised?

3 – Technical Aspects

Landfilling is the most common option for final disposal worldwide. In ICs, a significant fraction of MSW  
is incinerated and part of its energetic value thus reclaimed in the form of heat and electricity.

Ñ

Incineration

The primary benefit of MSW incinera-
tion is a significant reduction in weight 
(up to 75 %) and volume (up to 90 %), 
which can be valuable if landfill space 
is limited. Generation of revenues from 
energy production, known as waste-to- 
energy incineration, can also partially off-
set the cost of incineration; although 
typically less expensive forms of en-
ergy production are available. Incinera-
tion breaks down some hazardous, non-- 
metallic organic waste and destroys  
bacteria and viruses, which is the main 
benefit of medical waste incineration. If 
the MSW incineration option is consid-
ered, decision-makers must weigh the 
benefits of incineration against the sig-
nificant capital and operating costs, po-
tential environmental impacts and techni-
cal difficulties of operating an incinerator. 
(UNEP-IETC et al., 1996, Chapter 1.5.1)

MSW incineration is typically only 
cost-effective in regions where suita-
ble landfill space is scarce. Such land-
fill scarcity can arise due to geographic 
constraints, as with a highly urbanised 
region or island, or due to environmen-
tal conditions, as in regions with a high 
water table. Jurisdictional and political 
boundaries can also constrain the size 
and number of sites available for land-

filling, thereby increasing the attractive-
ness of incineration.

Some factors currently make incinera-
tion difficult or not advisable in many de-
veloping countries, i. e. high capital and 
operating costs in relation to national in-
come levels and the comparatively low 
cost of sanitary landfilling. Due to its 
high moisture and low energy content, it 
is difficult to incinerate waste in many de-
veloping countries. Moreover, the techni-
cal infrastructure required to maintain-
ing incineration facilities, including their 
pollution control equipment, is generally 
not yet available in developing countries. 
The frequently lacking infrastructural el-
ements include highly trained person-
nel, regular availability of technological-
ly advanced testing and repair facilities 
and a well-functioning system to ensure 
the readily available spare parts. (UNEP-
IETC et al., 1996, Chapter 1.5.1)

For environmentally sound incinera-
tion, air pollution control equipment must 
be serviced regularly by highly special-
ised personnel. Monitoring equipment 
is costly and requires thorough mainte-
nance and servicing by trained techni-
cians. In summary, incineration is expen-
sive if conducted in a sustainable manner 
with low adverse health and environmen-
tal risks. If poorly conducted (with low fi-
nancial costs), it can become expensive 
in terms of human health and environ-
mental impacts.

Some countries, which have emerged 
from developing country status, are defi-
nitely able to incinerate their waste. Sin-
gapore operates three MSW incinerators 
handling about 90 % of the MSW gener-
ated. South Korea also operates numer-
ous incinerators. MSW incineration is 
also being considered in Bangkok, where 
three incineration plants located at land-
fills are already in operation, primarily to 
incinerate hazardous waste.

Pilot projects, supported by bilateral 
or international aid or joint ventures with 
foreign companies, may make such ini-

Factors influencing technology choice
MSW incineration may offer a sound  
practice only in situations where most or 
all of the following conditions apply:

suitable landfill space is scarce, making 
incineration a cost-effective alternative;

the necessary environmental protec-
tion measures are properly installed and 
maintained;

the facility is adequately sized and  
sited to fit the other components of  
the MSWM system;

the materials to be burned are combusti-
ble and have sufficient energy  
content; and

energy markets are available nearby.

(UNEP-IETC et al., 1996, Chapter 1.5.1)

•

•

•

•

•

tiatives more feasible as they can make 
foreign capital and technology training 
available in developing countries. (UNEP-
IETC et al., 1996, Chapter 1.5.1)

Use of energy
In waste-to-energy plants, heat from the 
burning waste is absorbed by water in 
the wall of the furnace chamber or in 
separate boilers. Water is heated to the 
boiling point and is converted to steam. 
At that point, either the steam is used 
for heating or to turn turbines to gener-
ate electricity. The amount of energy re-
covered from waste is calculated as a 
function of the amount of waste com-
busted, of the energy value of the waste 
stream and efficiency of the combustion 
process. About one-fifth of the electric-
ity produced in incineration facilities is 
used at the facilities for general opera-
tions. The remaining electricity is sold 
to public and private utilities or nearby  
industries. In many countries, utilities 
provide a stable market for electricity 
generated from incinerators. The avail-
ability of purchasing electricity and its 
sales rates will, however, vary accord-
ing to region. (UNEP-IETC et al., 1996, 
Chapter 1.5.3)

Environmental impacts
Potential pollution emissions into the air 
through exhaust stacks and into water 
through ash leachate are the main en-
vironmental risks of MSW incinerators. 
Proper planning to minimise environmen-
tal damage, as well as public educa-
tion and involvement directly addressing 
these issues, are essential to successful 
incineration programmes. The combus-
tion of any substance will generate by-
product emissions likely to be released 
into the air. The following air emissions 
are usually associated with incinerators: 
metals, especially mercury, lead and cad-
mium; organics, such as dioxins and 
furans; acid gases, such as sulphur di-
oxide and hydrogen chloride; particulate 
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matter, such as dust and grit; nitrogen 
oxides (which are ozone precursors); and 
other substances, such as carbon mon-
oxide.

People can be exposed to emissions 
directly by inhaling contaminated air or 
through skin contact with contaminated 
soil and dust. Exposure can also occur 
indirectly by eating foods contaminated 
by these substances. Aside from human 
health risks, plants and animals may also 
be adversely affected by emissions from 
incinerators. The ultimate effects are de-
pendent on contaminant concentrations 
of the emissions, type of environmen-
tal control measures adopted, height of 
the emission stack, location of the facil-
ity, and prevailing weather and geograph-
ic conditions.

A related contamination concern is as-
sociated with the area close to the incin-
erator, i. e. below its emission plume. All 
pollutants likely to escape will reach the 
ground closest to the incinerator. It is 
therefore particularly important to site an 
incinerator in an area as isolated as pos-
sible. In general, industrial areas make 
more sense than other areas as their 
contamination levels may already have 
induced the taking of precautions.

However, adequate control of air 
emissions requires further pollution con-
trol measures. MSW incinerators must 
be well-operated and well-maintained to 
ensure the lowest possible emissions. 
Good combustion practice, such as en-
suring optimal levels of temperature in 
the combustion chamber and residence 
time of the MSW remaining in the com-
bustion chamber, can lower emission 
levels. Major variations in these or oth-
er incineration operations could lead to a 
limited but significant output of contami-
nated air emissions.

Major technical requirements are 
among the obstacles to incineration in 
most developing countries.

Incinerator ash may contain concen-
trations of heavy metals, such as lead, 
cadmium, mercury, arsenic, copper, and 
zinc released by plastics; coloured print-
ing inks, batteries, certain rubber prod-
ucts, and hazardous waste from house-
holds and small industrial generators. 
Organic compounds such as dioxins and 
furans have also been detected in incin-
erator ash.

Since incinerator ash is generally dis-
posed of in an MSW landfill, the environ-
mental pollution control measures typ-
ically adapted for sustainable sanitary 

landfill operations (e. g. liners and leach-
ate collection/treatment) become all the 
more important.

Ash can be stabilised and solidified by 
encasing it in concrete prior to disposal, 
thereby reducing significantly the migrat-
ing potential of the contaminant. Some 
also advocate managing fly ash and bot-
tom ash separately, with additional sta-
bilisation of the fly ash through vitrifica-
tion or pyrolysis, as fly ash can contain 
higher metal concentrations. In addition 
to landfilling, incinerator ash has been 
used in the production of road bedding, 
concrete, brick, cinder block, and curb-
ing. These uses are controversial as lea-
chates may contain toxic constituents of 
these materials.

Most heavy metals (e. g. mercu-
ry, cadmium and lead) originate from 
items commonly found in MSW, such as 
household batteries, thermostats, fluo-
rescent lamps, plastics, and solder-bear-
ing items (e. g. consumer electronics, 
light bulb sockets and plated metals). 
Removing these items from the waste 
stream, at household, commercial and 
industrial levels, may therefore lead to a 
significant reduction in the metals found 
in incinerator ash. (UNEP-IETC et al., 
1996, Chapter 1.5.4)

All definitions of “sanitary landfill” call 
for the isolation of the landfilled waste 
from the environment until it is rendered 
innocuous through natural biological, 
chemical and physical processes. The 
major differences between the various 
definitions reside in the degree of isola-
tion, means of accomplishing it, moni-
toring prerequisites, and closing or main-
taining the landfill after its active life. In 
industrialised nations, a far greater de-
gree of isolation is usually required than 
actually needed in developing nations. 
This is not surprising as the means to at-
tain a high degree of isolation in develop-
ing nations are complex and expensive.
A disposal site must meet the follow-
ing three general but basic conditions to 
qualify as a sanitary landfill:

waste compaction;
daily covering of the waste (with soil 
or other material) to protect it from 
environmental influences; and

1.
2.

control and prevention of negative  
impacts on public health and the  
environment (e. g. odours, contami-
nated water supplies etc.).

However, the meeting of all the specif-
ic conditions may be technologically and 
economically impractical in many devel-
oping countries. Therefore, the short-
term goal should be to comply as far as 
possible with the more important condi-
tions under the existing set of technical 
and financial circumstances. The long-
term goal is to eventually meet all the 
specific requirements related to design 
and operating conditions. Only then can 
all the benefits associated with a sanitary 
landfill be yielded. Prevention of negative 
impacts on public health and the environ-
ment is the most important prerequisite. 
(UNEP, 2005, p. 323 – 324)

A landfill is a vital component of any 
well-designed MSWM system. It is the 

3. ultimate repository of a city’s MSW af-
ter all other MSWM options have been 
exhausted. In many cases, the landfill is 
the only option available after MSW is 
collected. Safe and effective landfill op-
eration depends on the sound planning, 
administration and management of the 
entire MSWM system. This begins with 
an institutional and environmental policy 
that views MSWM as an important com-
ponent in the sustainable development 
plans of a city and country. It contin-
ues with the implementation of MSWM 
regulations designed to protect human 
health and the environment, and with the 
funding driven by the needs of the sys-
tem rather than by political expediency. 
It ends with the coordination of MSWM 
programmes to consolidate waste reduc-
tion and resource recovery through col-
lection, transfer and ultimate disposal 
into an integrated system. This system 
must provide a vital public service with-

Landfills
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out compromising human health or the 
environment.

Landfill types range from uncontrolled 
open dumps to sound sanitary landfills. 
(UNEP-IETC et al., 1996, Chapter 6.1)

Left unmanaged and uncontrolled, 
solid waste openly dumped on land:

generates liquid and gaseous emis-
sions (leachate and landfill gas) likely 
to pollute the environment; and
presents a breeding ground for  
disease-carrying animals and micro-
organisms.

Uncontrolled land disposal of solid waste 
also leads to other public health, safety 
and environmental risks. (UNEP, 2005, 
p. 323)

Open dumps and the need to 
upgrade them
Open dumps are common in developing 
countries as their initial costs are low and 
they do not require expertise or equip-
ment. However, remediation costs of 
these sites can easily exceed their total 
lifetime capital and operating costs. Con-
taminated groundwater may never be re-
turned to its usable condition, and other 
environmental impacts may take sever-
al decades to be restored. The numer-
ous birds that feed on the waste in open 
dumps could represent more serious dis-
ease vectors than flies or rodents.

The practice of open dumping is a di-
lemma for the poorer and smaller cities 
and towns of developing countries, and 
is certainly not sound practice. (Note 
however, in very poor countries, where 
cities are located near deserts (e. g. 

1.

2.

Landfills: Land and volume requirements

(UNEP, 2005, p. 332)

Figure 13: Land requirements for a landfill as 
a function of waste compaction.

Figure 14: Relationship between bulk waste 
density and required landfill volume.

North Africa and the Middle East), un-
improved open dumps may conceivably 
be considered sound if the savings from 
not upgrading dumps are used to im-
prove the collection service.) Managers 
are often told to close open dumps and 
construct controlled landfills. As a conse-
quence of inadequate technical and man-
agerial resources, solid waste managers 
attempt in many places to improve open 
dumping practices and gradually upgrade 
the sites.

A number of countries have acquired 
considerable experience with such low-
cost upgrading methods. Solid waste de-
partments can rent the heavy equipment 
necessary to improve the infrastructure 
and grading of the dump or can subcon-
tract this work to a private engineering 
firm. The initial upgrading step consists 
in constructing perimeter drains to col-
lect the run-off and leachates, the site 
should then be graded to minimise leach-

ing through the waste. Machines can be 
rented about every two months to regu-
larly adjust the grading, construct trench-
es for the deposit of waste (if necessary) 
and dig up cover material. Maintaining 
the grading and applying cover material 
can subsequently be conducted manu-
ally by municipal workers. In some cas-
es, a provincial ministry acquires the nec-
essary earthmoving equipment, which 
is then rotated among the dumps of 
the jurisdiction. In places where equip-
ment is acquired by the authority oper-
ating the dump, such equipment should 
be kept as simple as possible to make 
operation and maintenance feasible. It 
is important to prove to municipal engi-
neers that improvements can be made to 
open dumps with little capital outlay and  
additional costs. (UNEP-IETC et al., 
1996, Chapter 6.3)

Non-landfill disposal

Some countries, including China, have 
a long-standing tradition of disposing 
garbage directly onto farmland. Farm-
ers seek the nutrient value of the organ-
ic portion of the waste as long as it con-
tains little plastic, glass or metal. This is 
a hazardous practice, since uncompost-
ed organic waste contains pathogens. 
Regulations in China require farmers to 
compost the waste first, however, these 
regulations are often not complied with.

Finally, some municipalities dispose their 
MSW at sea, on land near the ocean 
or on riverbanks, though many industr-
ialised and developing countries have 
banned these practices. In general, these 
practices cannot be considered environ-
mentally sustainable. (UNEP-IETC et al., 
1996, Chapter 6.5)

Further questions
To what extent should public subsidies 

be used to promote environmentally safe 
waste disposal in landfills?

Ñ

Additional info
UNEP-IETC and HIID (1996): Internation-

al Source Book on Environmentally Sound 
Technologies for Municipal Solid Waste 
Management. UNEP, International Envi-
ronmental Technology Centre. www.unep.
or.jp/ietc/ESTdir/pub/MSW/index.asp (last 
accessed 28.04.08)

Available from the Internet.

Ñ



��Sandec Training Tool: Module 6

4.1 What is hazardous household waste?

4 – Hazardous Household Waste

Households generate small quantities 
of hazardous waste, such as oil-based 
paints, paint thinners, wood preserva-
tives, pesticides, household cleaners, 
used motor oil, antifreeze, and batteries. 
Hazardous household waste (HHW) in 
industrialised countries, such as the US, 
accounts for totally 0.5 % of all the waste 
generated at home. In developing coun-
tries, the percentage is even lower.

No specific cost-effective sound prac-
tices can be recommended for hazard-
ous household waste management in 
developing countries. Since concentrat-
ed waste tends to create more of a 
risk, hazardous household waste is best 
jointly landfilled with the MSW stream, 
where biological reactions tend to have 
a fixing effect on small amounts of toxic 
metals, while other toxic substances are 
diluted within the MSW.

Where financial resources are availa-
ble (typically in industrialised countries), 
specific sound practices are in place for 
separating hazardous household waste 
from the regular MSW stream. (UNEP-
IETC et al., 1996, Chapter 1.7.3)

What makes a waste hazardous?
Hazardous waste come in many shapes 
and forms. It can be liquid, solid, contain 
gas or sludge. It can be the by-product of 
manufacturing processes or simply dis-
carded commercial products, like clean-
ing fluid or pesticide. Four defining char-
acteristics of hazardous waste are:

Ignitability. Ignitable waste can 
create fires under certain conditions 
or is spontaneously combustible. 
Examples include waste oils and 
used solvents.

•

Corrosivity. Corrosive waste in-
cludes acids or bases capable of 
corroding metal, like storage tanks, 
containers, drums, and barrels. Bat-
tery acid is a good example.
Reactivity. Reactive waste is un-
stable under “normal” conditions. It 
can cause explosions, toxic fumes, 
gases or vapours when mixed with 
water. Examples include lithium-sul-
phur batteries and explosives.
Toxicity. Toxic waste is harmful or 
fatal when ingested or absorbed. 
When toxic waste is disposed on 
land, contaminated liquid may drain 
(leach) from the waste and pol-
lute groundwater. Certain chemical 
waste and heavy metals are exam-
ples of potential toxic waste.

(UNEP, 2004, p. 34)

•

•

•

4.2 What are the dangers of hazardous waste?

Inappropriate storage, collection and treatment of hazardous waste pose a high risk to natural resources and 
public health.

Ñ

Surface Water Contamination
Changes in the water chemistry due to 
surface water contamination can affect 
all levels of an ecosystem. It can impact 
the health of lower food chain organisms 
and, consequently, the availability of food 
up through the food chain. It can damage 
the health of wetlands and impair their 
ability to support healthy ecosystems, 
control flooding and filter pollutants 
from storm water runoff. The health of  
animals and humans are affected when 
they drink or bathe in contaminated  
water. Moreover, aquatic organisms, 
like fish and shellfish, can accumulate 
and concentrate contaminants in their  
bodies. When other animals or humans 
ingest these organisms, the dose of  
contaminants is much higher than when 
directly exposed to the original contami-
nation.

Groundwater Contamination
Contaminated groundwater can adverse-
ly affect animals, plants and humans if 
it is removed from the ground by man-
made or natural processes. Depending 
on the geology of the area, groundwa-
ter may rise to the surface via springs 

or seeps, flow laterally into nearby riv-
ers, streams or ponds, or sink deep-
er into the earth. In many parts of the 
world, groundwater is pumped out of the 
ground to be used for drinking, bathing, 
other household uses, agriculture, and 
industry.

Air Contamination
Air pollution can cause respiratory prob-
lems and other adverse health effects, 
since contaminants are absorbed by the 
lungs and reach other parts of the body. 
Certain air contaminants can also harm 
animals and humans when they contact 
the skin. Plants rely on respiration for 
their growth and can also be affected 
by exposure to contaminants transport-
ed in the air.

Leachate
Leachate is the liquid that forms as  
water trickles through contaminated  
areas leaching out the chemicals. For 
example, the leaching of landfill can re-
sult in a leachate containing a cocktail of 
chemicals. In agricultural areas, leach-
ing may concentrate pesticides or ferti-
lisers, and in feedlots, bacteria may be 

leached from the soil. The movement 
of contaminated leachate may result in  
hazardous substances entering surface 
water, groundwater or soil.

Soil Contamination
Contaminants in the soil can harm plants 
when they take up the contamination 
through their roots. Ingesting, inhaling 
or touching contaminated soil, as well 
as eating plants or animals that have  
accumulated soil contaminants can ad-
versely impact the health of humans and 
animals.
(Chapter adapted from: UNEP, 2004)

Further questions
What technical equipment and  

procedures are required for optimal source-
separation of hazardous waste?

Ñ

Additional info
UNEP (2004): Vital Waste Graphics, The 

Seventh Meeting of the Conference of the 
Parties to the Basel Convention, Geneva. 
www.grida.no/publications/vg/ (last  
accessed 28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

<www> www.ewasteguide.info

Ñ

Ñ
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4.3 What is e-waste?

E-waste is any refuse created by discarded electronic devices and components as well as substances involved 
in their manufacture or use.

Ñ

4 – Hazardous Household Waste

The high tech boom has brought with it 
a new type of waste – electronic waste, 
a category that barely existed 20 years 
ago. Now e-waste represents the larg-
est and fastest growing manufacturing 
waste. The black and white TV turned to 
colour, the basic mobile phone needed 
a camera, a personal organiser and mu-
sic, and who wants last year’s compu-
ter when it can’t handle the latest soft-
ware? As we continually update and 
invent new products, the life of the old 
ones becomes shorter and shorter. Like 
ship breaking, e-waste recycling involves 
the major producers and users, shipping 
the obsolete products to Asia, Eastern 
Europe and Africa. But instead of being 
“green”, we are exporting a load of prob-
lems to people who have to choose be-
tween poverty or poison. 
 

E-waste from computers
On average, a computer is made up of 
23 % plastic, 32 % ferrous metals, 18 % 
non-ferrous metals (lead, cadmium, an-
timony, beryllium, chromium, and mer-
cury), 12 % electronic boards (gold, pal-
ladium, silver, and platinum), and 15 % 

Figure 15: Number of computers worldwide and their components. (UNEP, 2004)

What’s in a 
computer?

Let me give you a computer
Communities in West Africa receive used 
computers from donors in developed coun-
tries. However, what was intended as a 
useful gift quickly becomes a waste prod-
uct. When things go wrong, as they often 
do with computers (especially old ones), 
the lack of technical support means they 
end up on the scrap heap. It is estimated 
that the current number of personal com-
puters worldwide amounts to over one bil-
lion. In developed countries, these have 
an average service life of only two years. 
In the United States alone there are over 
300 million obsolete computers. After its 
amendment, the Basel Convention banned 
the export of hazardous waste disposal 
to developing countries. Some countries 
(for example those in the European Union) 
have already implemented this proposed 
amendment. Moreover, countries like  
China have banned the import of e-waste, 
although significant volumes are still  
entering the country illegally.

Further questions
How much e-waste is in the waste 

stream?

How much e-waste is recycled?

How do I recycle my cell phone?

Ñ

Ñ

Ñ

Additional info
UNEP (2004): Vital Waste Graphics, The 

Seventh Meeting of the Conference of the 
Parties to the Basel Convention, Gene-
va. www.grida.no/publications/vg/ (last ac-
cessed 28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

glass. Only about 50 % of the computer 
is recycled, the rest is dumped. The tox-
icity of the waste is mostly due to the 
lead, mercury and cadmium – non-recy-
clable components of a single computer 
may contain almost 2 kg of lead. Much of 
the plastic used contains flame-retard-
ants, which makes it difficult to recycle. 

In many countries, entire communi-
ties, including children, earn their liveli-
hood by scavenging metals, glass and 
plastic from old computers. To extract 
the small quantity of gold, capacitors are 
melted down over a charcoal fire. The 
plastic on the electrical cords is burned 
in barrels to expose the copper wires. All 
in all, each computer yields about US $ 6 
worth of material. Not very much when 
you consider that burning the plastic 
sends dioxin and other toxic gases into 
the air. And the large volume of worth-
less parts is dumped nearby, allowing 
the remaining heavy metals to contami-
nate the area. (UNEP, 2004)
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5.1 Who are the stakeholders to consider within SWM?

5 – Non-technical Aspects

Stakeholders include households and communities requiring service, private sector enterprises and workers 
(formal and informal), and government agencies at the local, regional and national level.

Ñ

SWM cannot be solved with innova-
tive technology or engineering alone. It 
is an urban problem that is closely re-
lated to a number of issues, such as ur-
ban lifestyle, resource consumption pat-
tern, employment and income, and other  
socio-economic and cultural aspects. All 
these factors have to be consolidated in 
a common platform to ensure long-term 
solutions to urban waste disposal.

A large number of stakeholders are 
essential for the success of a solid waste 
management system. They influence ac-
tivities on different spatial levels, such as 
household, neighbourhood, city, region, 
and nation.

Activities related to solid waste man-
agement at the household level are pre-
dominantly driven by socio-economic 
factors. Social responsibility and environ-
mental awareness are driving forces for:

Central/provincial government
City council
NGOs and CBOs
Private informal sector
Private formal sector
Internal and external support  
agencies

(Zurbrügg, 2003a, p. 7)

Similarly, actions to be taken at the state 
and national level are predominantly 
economic, political and administrative. 
Measures at the neighbourhood and city 
level cut across all themes.

Decisions and actions are embedded 
in a technological, environmental, social, 
financial and economic, organisational, 
administrative, institutional and political 
framework.

Experience in several countries has 
shown that cooperation and coordina-
tion between the different stakeholder 
groups will ultimately lead to increased 
sustainability of a waste management 
system. (Klundert et al., 2000 in; Zur-
brügg, 2003a)

As an alternative to the large (of-
ten international) companies providing 
most or all of the solid waste servic-
es to a city, the involvement of micro-- 

•
•
•
•
•
•

enterprises or small enterprises (MSEs) 
should be considered. Since they often 
use simple equipment and labour-inten-
sive methods, they can collect waste in 
places where the conventional trucks of 
large companies have no access. These 
MSEs may be started as a business to 
create income and employment, or they 
may be initiated by community members 
wishing to improve the immediate envi-
ronment of their homes.

Appropriate practice in waste man-
agement systems requires a clear defi-
nition of jurisdiction and accountability, 
with all stakeholders participating in sys-
tem design, including those affected at 
every level being made aware of their  
areas of responsibility.

Governments will generally have final 
jurisdiction and responsibility for over-
all MSWM policy and management, ir-
respective of whether or not they are di-
rectly involved in waste management. 
The following participants have some im-
portant relation to waste management 
and, in some cases, significant levels of 
responsibility for policies or operation.

Residential waste generators. Pref-
erences of local residents for partic-
ular types of waste services, their 
willingness to source separate recy-
clable materials, their willingness to 
pay for the service, and their capac-
ity to move waste to communal col-
lection points, all have an impact on 
the overall waste system. Incentives 
can affect residents’ preferences and 
behaviour.
Business waste generators. Since 
businesses also produce waste, the 
business sector can become a signifi-
cant player in the waste management 
system, particularly since business-
es are increasingly charged directly 
for the waste services. As with resi-
dents, incentives can play an impor-
tant role in shaping behaviour.
Public health and sanitation  
departments. Maintenance of pub-
lic health and sanitation is an impor-
tant public responsibility, especially in 

•

•

•

developing and transition countries, 
where it generally falls under the juris-
diction of the municipal public health 
department. In an integrated system, 
this department often has inspection 
and enforcement responsibilities, but 
is not directly involved in collection or 
disposal operations.
Public works departments. These 
local government units often have op-
erational responsibility for waste col-
lection, transfer, treatment, and final 
disposal. Frequently, however, differ-
ent department are responsible for 
collection of recoverable materials or 
management of private contractors, 
thus often creating conflicting goals 
and activities.
Natural resource management 
agencies. Since these agencies are 
often responsible for activities relat-
ing to materials recovery or compost-
ing at the local or regional level, they 
are therefore separated from waste 
management functions. This results 
in poor integration as sound practice 
often places all the functions under 
the same agency or department.
National or state/provincial en-
vironmental ministries. Overall, 
waste management policy is gener-
ally established at these levels. With 
respect to materials recovery policies, 
there is less policy-making at this 
level in developing countries. Sound 
practice includes not only the estab-
lishment of policies, but putting pro-
grammes in place, implement them 
and establish integration consistent 
with the policies.
Municipal governments. In most 
countries, city or town governments 
assume the overall responsibility for 
waste management operations. They 
ensure regular collection services and 
delivery of the collected materials to 
processors, markets or disposal fa-
cilities. The municipal government, 
which is ultimately responsible for the 
entire process, usually finances vehi-
cles, crews and other equipment.

•

•

•

•
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Importance of scavengers/waste pickers
In developing countries, informal waste pickers or scavengers play an important role in sol-
id waste management systems, acting in parallel with formal waste collection and disposal 
agents. Scavengers collect reusable and recyclable materials from streets, dumpsites or land-
fills that can be reintegrated into the economy’s production process. Despite the benefits 
generated for society, waste pickers are ignored when waste management policies are  
formulated. (Moreno-Sánchez et al., 2006, p. 371)

In many developing countries, the socio-economic status of scavengers is usually very low. 
The general population and the authorities often view and treat them as ‘part of the rubbish 
they work with’ (ASMARE Street Scavenger’s Association, 1998). Low education levels and 
unhealthy working conditions combined with their popular status lead to a negative self- 
perception and lack of self-confidence. (UNESCO, 2001)

Medina states that even though scavengers are not always the poorest of the poor, their  
occupation is generally assigned the lowest status in society. Historically, outcasts and  
marginal groups, such as slaves, gypsies and migrants have performed waste collection and 
recycling activities in developing countries. In Muslim countries, non-Muslims usually perform 
refuse collection and recycling activities, since contact with waste materials is considered  
impure. (Medina, 2000).

In India, scavengers are mostly Dalits, or ‘untouchables’, not simply the lowest in the caste 
system but essentially outside it. The daily contact with garbage and sometimes even human 
excreta reinforces their ‘untouchable’ status. In other countries, such as Egypt, scavenger 
communities are groups of rural migrants who adopt scavenging as a way to survive in the 
city and end up specialising in this sector. In many countries, gypsies were the ethnic group 
involved in scavenging activities (cf. Fonseca, 1996). Aside from the day-to-day bad treatment 
that waste pickers experience, their low status can deter them from climbing the social  
ladder. NGOs and sometimes even governments strive for recognition of scavengers’  
humanity and value. One way of tackling the ascribed and self-replicated low status of  
scavengers, whether or not related to ethnicity, is through the creation of co-operatives.

Besides raising income, this form of grassroots development can potentially provide scaven-
gers with a certain status; they are recognised and accepted as part of the waste manage-
ment system, which is beneficial to the entire population and increases both their self-esteem 
and self-reliance. (Nas et al., 2004, p. 345 – 346)

Photo 8: Waste pickers at a transfer station, Nepal. (Source: Eawag/Sandec)

Regional governments. Regional 
bodies or large city governments are 
often responsible for landfills, inciner-
ators, composting facilities or the like, 
particularly in countries where there 
is a shortage of disposal space at the 
local level. Regional governments in 
charge of these facilities generally 

•

5 – Non-technical Aspects

have access to sources of revenue 
from fees paid by waste collection 
companies for disposal.
Private sector companies. Private 
sector companies tend to act as  
concessionaires or contractors of the 
responsible government authority in 
waste collection, street sweeping, 

•

materials recovery, and, increasing-
ly, in construction and operation of 
landfills, incinerators and composting 
plants. Unlike governments, private 
companies do not have any direct re-
sponsibility for maintaining public san-
itation or health, so their involvement 
is limited to profit making functions. 
If there is no source of revenue, it is 
not reasonable to expect private sec-
tor involvement. The necessary reve-
nue can, however, come from direct 
charges or government allocations.
Informal sector workers and enter-
prises. In developing countries, but 
also increasingly in industrialised and 
transition countries, individual work-
ers and unregistered, small enterpris-
es recover materials from the waste 
stream, either by segregated or spe-
cialised collection, by buying recycla-
ble materials, or by picking through 
waste. These workers and enterpris-
es clean and/or upgrade and sell the 
recovered materials, either to an in-
termediate processor, a broker or a 
manufacturer. Informal sector work-
ers sometimes manufacture new 
items from recovered materials, such 
as gaskets and shoe soles from dis-
carded tires. These workers are often 
referred to as waste pickers or scav-
engers.
Non-governmental organisations. 
Non-governmental organisations 
(NGOs) are yet another set of partic-
ipants in waste management opera-
tions. NGOs are often commissioned 
to improve the environment or the 
quality of life of poor or marginalised 
populations, and may stimulate small-
scale enterprises and other projects. 
Since waste materials often represent 
the only growing resource stream, 
these organisations frequently base 
their efforts in extracting certain ma-
terials, currently not recovered, and 
in processing them to increase their 
value and produce revenue. This is 
how a number of composting projects 
were launched in Latin America.
Community-based organisations. 
In some locations with insufficient 
collection or where neighbourhoods 
are underserved, community-based 
organisations play an active role in 
waste management operations. 
These smaller-scale organisations or 

•

•

•
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panacea – a cure for all problems – even 
though their involvement has often re-
sulted in very significant improvements 
in many situations. Experience has led 
some experts to believe that if a local 
government body has not been able to 
provide a satisfactory solid waste man-
agement service using its own resourc-
es, it will not be able to engage a private 
enterprise to provide a satisfactory serv-
ice. Some assert that involving the pri-
vate sector always results in increased 
corruption and misappropriation of pub-
lic funds. However, most voices are in 
favour of private sector participation – 
some because of positive experience, 
some because of their political stand-
point, and some out of a desperation nur-
tured by the failure of the public sector.

Further questions
Which MSWM functions, responsibilities 

and powers should be assumed by which 
level of government?

What institutional arrangements and  
approaches would foster more demand- 
oriented solid waste services?

On what basis should authorities  
decide which waste management func-
tions should be contracted out to private 
sector enterprises?

What is the potential role of community 
in local waste management, and what  
inputs are required to promote community-
based waste management?

What instruments of awareness building 
and incentives should be employed to  
mobilise peoples’ contribution to waste 
minimisation and recovery?

What forms of collaboration between  
informal sector waste workers and munic-
ipal authorities may be established to im-
prove the productivity and working condi-
tions of informal sector workers?

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Additional info
Klundert, A.v.d. and Anschütz, J. (2000): 

The Sustainability of Alliances between 
Stakeholders in Waste Management. 
UWEP/CWG. www.gdrc.org/uem/waste/
ISWM.pdf (last accessed 28.04.08):

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

5 – Non-technical Aspects

local NGOs are formed primarily as 
self-help or self-reliance units, which 
may, over time, evolve into service 
organisations that collect fees from 
their collection clients and from the 
sale of recovered materials. NGOs 
working with informal workers and 
community-based entrepreneurs of-
ten seek recognition for these organi-
sations as part of the waste manage-
ment system.
Poor and marginal populations in 
squatter areas. The waste service, 
much like other public services, fre-
quently follows political power and 
clout, leaving the residents of poor 
and marginalised areas with inade-
quate service (or no service at all), 
dirty streets and regular accumula-
tion of refuse and faecal matter on 

•

streets and in other public areas. Very 
often, these people have the greatest 
need for improved or expanded waste 
service.
Women. Waste handling dispropor-
tionately touches the lives of women, 
particularly in some developing and 
transition countries. Women often 
collect the waste, set it out or move 
it to community transfer areas. Wom-
en are far more likely to be involved in 
materials recovery than in other com-
parable types of physical work. This 
is possible due to their daily contact 
with the waste in their homes, and 
probably because women tend to be 
among the most marginalised groups 
in some societies.

(UNEP, 2005, p. 9 – 11)

•

5.2 What are the characteristics of private sector involvement?

Three key factors are decisive for the success of private sector involvement: Competition, accountability and 
transparency. Private sector participation can increase service quality and reduce costs through introduction 
of commercial principles.

Ñ

Provision of municipal solid waste serv-
ices is a costly and vexing problem for 
local authorities everywhere. In cities 
of developing countries, service cover-
age is low, resources are insufficient 
and uncontrolled dumping is widespread 
with resulting environmental problems. 
Moreover, substantial inefficiencies are 
typically observed. One solution com-
monly proposed is to contract service 
provision out to the private sector in the 
belief that service efficiency and cover-
age can be improved and environmental 
protection enhanced. The private sector 
assumes three important roles in solid 
waste management. First, where exist-
ing public service delivery is either too 
costly or inadequate, private sector par-
ticipation offers a means of enhancing 

efficiency and lowering costs through 
the introduction of commercial principles 
and greater attention to customer satis-
faction. Second, in situations where local 
public funds for investment are in chroni-
cally short supply, the private sector may 
be able to mobilise needed investment 
funds. Third, the private sector is well 
situated to draw on local and internation-
al experience in the waste management 
field and introduce proven and cost-ef-
fective technologies along with manage-
ment expertise. (Cointreau-Levine et al., 
2000, p. 3)

However, opinion leaders, familiar 
with private sector participation, have 
urged that private enterprises involved 
in the provision of solid waste manage-
ment services should not be seen as a 
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5 – Non-technical Aspects

But opposition to the involvement of 
the private sector in the provision of pub-
lic services can be expected in most situ-
ations. This may result from:

political views;
general resistance to change;
opposition from labour unions;
fears about corruption;
fears of officials that they will lose 
power, influence or income;
previous experience of private sector 
participation; and
a belief that private companies take 
huge profits or other factors.

In general, a wide variety of arrange-
ments can be implemented to take ad-
vantage of the benefits of private sector 
participation. To be successful, however, 
cooperation with the public sector is cru-
cial. Both sides should have rights that 
are upheld by the courts and duties that 
are backed up by the threat of sanctions. 
Such an equal partnership is much more 
likely to result in effective and economi-
cal services that continue for a long pe-
riod. Unfortunately, the public sector of-
ten dominates, with little concern for the 
rights of the private sector, and the result 
can be the bankruptcy of the company or 
the reluctance of companies to bid for fu-
ture work. (Coad, 2005, p. 3, 8, 25)

Key factors for successful private 
sector participation
Competition. There should be compe-
tition between different private sector 
companies and, if possible, also between 
the private and public sectors. Compe-
tition provides motivation to maintain  
effort. It sets a standard against which 
performance is compared or assessed. 
Furthermore, it provides a continual re-
minder that there are others engaged 

•
•
•
•
•

•

•

in the same activity who could take the 
place of a competitor who is perform-
ing poorly.

Accountability. Private sector service 
providers should sense that they are ac-
countable to the people whose waste 
they collect and to the local govern-
ment agency that has engaged or li-
censed them. The companies know that 
if they fail to provide the required serv-
ice in the required way, there will be 
consequences. They are not free to do 
as they please. Such accountability re-
sults from a well-prepared contractual 
agreement, from effective enforcement 
of the terms of the agreement, and from 
the understanding that there will be fi-
nancial penalties if expectations are not 
met. Microenterprises, which draw their 
workforces from the communities that 
are served, benefit from the accounta-
bility that the laborers feel towards their 
neighbours who expect a fair and satis-
factory service. The public sector agency 
(whether municipal or regional govern-
ment) responsible for the service should 
also feel accountable to both the public 
and the elected representatives for the 
way it oversees the service. Often ca-
pacity development will be required if 
government is to effectively discharge 
its responsibilities.

Transparency. There is growing con-
cern about the crippling effects of cor-
ruption and favouritism or “cronyism”. 
More and more emphasis is being placed 
on “good governance” at city, region-
al and national levels. Financial dealings 
and decision-making should be trans-
parent. The reasons for decisions – es-
pecially the selection of private sector 
service providers – and the management 

Further questions
What are the reasons leading to the  

involvement of private enterprises?

Why do some oppose the participation 
of the private sector?

What are the steps to be taken and the 
questions to be answered when develop-
ing a strategy for involving the private  
sector?

Why is it so important to work closely 
with the general public as recipients of the 
service?

What are the common shortcomings in 
the tendering process and in contractual 
documents?

What the most successful ways of im-
plementing private sector participation?

Why is the monitoring of private sector 
service providers often ineffective and the 
cause of conflict?

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Additional info
Cointreau-Levine, S. and Coad, A. 

(2000): Private sector participation in 
municipal solid waste management - 
Guidance Pack. SKAT, St. Gallen, Swit-
zerland. http://rru.worldbank.org/Docu-
ments/Toolkits/waste_fulltoolkit.pdf (last 
accessed 28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ

of public funds should be open before 
the public. In this way the service can  
enjoy the support of the public and com-
petition is encouraged, since the com-
petitors are reassured that they will have 
the opportunity of competing on fair and 
equitable terms. Public support can be 
expected to result in more widespread 
payment of charges or taxes, and fair 
competition to result in lower costs and 
better services.
(Cointreau-Levine et al., 2000, p. 8 – 9)
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5.3 How do legal frameworks and international treaties  
influence MSW management?

Government enactments vary greatly in different countries. Action plans and guidelines, like the Agenda 21 
or the Basel Convention, have been established at an international level.

Ñ

Currently, no convention or other meas-
ure exists for the comprehensive man-
agement of waste. Efforts to deal with 
waste on an international scale have been 
largely confined to managing the prob-
lems associated with the trans-bound-
ary transport of waste. Although some 
technical guidelines for the management 
of certain specific types of waste have 

been drafted under the Basel Convention 
(1989), the effectiveness and impact of 
these guidelines on waste minimisation 
are yet to be determined. The environ-
mental, economic and social implications 
of a rapidly increasing ‘waste problem’ 
have gained recognition over recent dec-
ades, and the need for a response to the 
waste management problem on an in-
ternational scale has long been accept-
ed. At the 1992 UN Conference on Envi-
ronment and Development (UNCED) in 
Rio de Janeiro, Brazil, the international 
community adopted the Rio Declaration 
on Environment and Development and 
Agenda 21, an action plan designed to 
guide the Earth’s development in a sus-
tainable manner (United Nations Confer-
ence on Environment and Development 
1992. The same goals were reiterated 
ten years later at the World Summit on 
Sustainability Development. (Meyers et 
al., 2006, p. 505 – 506)

The prime driver behind improved 
waste management is legislation, but 
this does not fulfil its aims unless it is 
supported by effective enforcement. In-
deed, a lack of enforcement gives rise 
to unscrupulous operators that appear to 
comply with the law, but in practice deal 
with waste incorrectly or even dump it  
illegally.

There is a legal international trade 
for reused or recycled materials, howev-

MSW Rules 2000 (India)
In 1996, a public interest lawsuit was filed 
with the Supreme Court against the gov-
ernment of India, state governments and 
municipal authorities for their failure to per-
form their duty of managing MSW ade-
quately. As a consequence, the Supreme 
Court appointed an expert committee to 
look into all aspects of MSW and make 
recommendations to improve the situation. 
On the basis of their report, the ministry 
issued in September 2000, the Municipal 
Solid Waste (Management and Handling) 
Rules 2000 under the Environment Protec-
tion Act 1986.

These rules lay down the steps to be taken 
by all municipal authorities to ensure man-
agement of solid waste according to best 
practice. The municipalities were mandat-
ed to implement the rules by December 
2003, with punishment if authorities fail to 
meet the standards prescribed. Neverthe-
less, most municipalities did not meet the 
deadline. Some cities and towns have not 
even started to implement measures that 
could lead to compliance with these rules.

(Zhu et al., 2007)

er, some of the world’s wealthy nations 
are exporting mixed or even hazardous 
waste to poorer countries, where it is not 
properly treated.

Traditionally, municipalities have been 
responsible for municipal waste collec-
tion and disposal, but commercial com-
panies are increasingly being used for 
waste management tasks. In some coun-
tries, commercial companies work with 
municipal organisations, while in oth-
ers, the municipalities themselves have 
formed companies for waste-manage-
ment work. The use of private waste 
management contractors is increasing. 
(Key Note, 2007)

Further questions
How much importance should be at-

tached to alternative instruments of waste 
management (regulations and controls, 
economic incentives, non-economic  
motivations and solidarity)?

Ñ

Additional info
Schüberler, P., Wehrle, K. and Chris-

ten, J. (1996): Conceptual framework for 
municipal solid waste management in 
low-income countries. In: Working Pa-
per no. 9. World Bank. Report Nr. 40096.  
http://go.worldbank.org/3I0WRR9IF0 
(last accessed 28.04.08)

Download available on the CD of Sandec’s 
Training Tool and from the Internet.

Ñ
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5.4 What are the financial arrangement options for SWM?

Options include government support, private sector financing, fees, and charges.Ñ

Structuring financing for waste 
management systems
Sound practice in financing waste man-
agement systems usually entails differ-
ing treatment of fixed and variable costs. 
Fixed costs, which establish waste or 
materials collection, processing or dis-
posal capacity, may be paid from gener-
al tax revenues. The rationale for this is 
that all members of society benefit from 
having the overall solid waste manage-
ment system in place. Once societies 
reach a certain level of sophistication, 
they may be able to recover a certain 
portion of fixed costs from commercial-
ised collection, processing and disposal 
operations, and not rely solely on general 
tax revenues to fund these activities. Di-
rect or indirect fees can be allocated for 
payment of variable costs directly pro-
portional to the same. One key to de-
veloping sound cost recovery systems 
is to accurately track down all costs. A 
surprising number of municipal govern-
ments do not actually know the total 
costs of collection or disposal, so they 
have no basis on which to set or defend 
fees. Establishing well-functioning and 
transparent full-cost accounting systems 
should be a high priority where they do 
not yet exist. (UNEP, 2005, p. 13)

Fees and charges
Until recently, waste management, fi-
nanced by general revenues, was con-
sidered the responsibility of the govern-
ment in most developing, transition and 
European socio-democratic countries. 
Partly as a result of austerity and struc-
tural adjustment policies and pressures 
from multilateral financial institutions, 
and partly as a result of pressures to lim-
it taxes, governments have, in recent 
years, increasingly focused on identify-
ing specific revenue sources for waste 
management. This has led to a series of 
innovations relating to fees and charges 
for waste collection and disposal:

Charging directly for waste services.
One approach to the financing of waste 
systems is to obtain payment from those 
who benefit from the services. On the 
simplest level, waste generators ben-
efit from collection service, and there 

have been some attempts, particular-
ly in North America, to get households 
to pay directly for their own waste re-
moval on the basis of how much waste 
they generate. The system of unit fees 
for waste removal works well and rep-
resents sound practice when individuals 
want to get rid of their waste and can af-
ford the fees. It works poorly when peo-
ple are too poor to pay fees, when the 
fees are simply too high or when there 
are ready alternatives and no controls 
for waste disposal, such as unregulated 
disposal in the countryside. Fees can be 
used to finance waste collection or other 
aspects of the waste system, and also as 
incentives to create less waste.

Indirect charges. In some locations, the 
waste charges are linked to other pub-
lic services that people are willing to 
pay, such as water or electricity. In ad-
dition to the waste charges, water and 
(if present) sewer charges allow some 
cost recovery. Studies have revealed that 
consumption of water and electricity are 
rough indicators of waste generation.

Incentives and penalties. Charges and 
fees can also be used as incentives to en-
courage “good behaviour” or discourage 
“bad behaviour”. For example, the price 
of disposal can be increased and the 
costs for materials recovery subsidised 
to provide incentives to source separate. 
In some instances, fines can be imposed 
to discourage illegal dumping.
(Adapted from UNEP, 2005, p. 12 – 13)

Polluter pays principle
A study by SAEFL (Swiss Agency for the 
Environment, Forests and Landscape), 
Switzerland, conducted between 2000 – 
2003, examined the ecological and  
financial advantages and disadvantages of 
waste disposal charges based on the pol-
luter pays principle. Case studies were 
conducted in 13 municipalities, where 
charges of this kind had mainly been intro-
duced. Figure 16 shows changes in com-
bustible refuse volumes between 1997 and 
2001 for municipalities without waste bag 
charges (positive values) and for municipal-
ities, which had adopted the new system 
(negative values), using data from one year 
prior to the system’s inception until 2001.

Conclusions of the study: Introduction of 
the polluter pays principle led to a 30 % 
reduction in combustible waste collected 
by the municipalities. The amount of col-
lected recyclables increased by 30 %.

(Bischof et al., 2003)

Figure 16: Development of collected com-
bustible waste volumes. (Basis: kg/inhabitant 
index)

Further questions
What steps should be taken to include 

financial and economic analysis into  
strategic planning functions?

How can the use of appropriate cost  
accounting systems be promoted despite 
possible reluctance from municipal  
officials?

How may local governments ensure  
that MWSM revenues are used for the  
intended purpose?

How should incentives for cost reduc-
tion and increased operational efficiency be 
incorporated into municipal cost reduction 
and service effectiveness?

In which task areas and under what  
conditions will private enterprises contrib-
ute most effectively to cost reduction and 
service effectiveness?

What MSWM revenue collection system 
will attain adequate cost recovery while, at 
the same time, create real incentives for 
cost reduction and effectiveness?

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

Additional info
UNEP (2005). Solid Waste Manage-

ment, CalRecovery Inc. www.unep.or.jp/
Ietc/Publications/spc/Solid_Waste_Man-
agement/Vol_I/Binder1.pdf (last  
accessed 28.04.08):

Download available on the CD of Sandec’s 
Training Tool and from the Internet.
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