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PREFACE
TETRAWAMA is the acronym for “Teaching and Training Modules for Higher Education in
the Waste Management Sector”. The project was carried out by the Hamburg University of
Technology, Germany, the Asian Institute of Technology, Thailand, the University of Padova,
Italy, and the University of Putra, Malaysia, in the framework of the Asia-Link programme of
the European Union during the period 2003-2006.
The Asia-Link Programme was designed to foster cooperation within Higher Education institutes
in the European Union and South Asia, South East Asia and China. The programme served as a
framework for a broad range of activities aimed towards promoting mutual awareness and
understanding, encouraging exchanges and enhancing economic cooperation between the
regions. The Asia-Link Programme was not intended as an educational development aid, but
rather as a means of cooperation between Higher Education institutions in a perspective of
mutual interest.
The specific objective of the TETRAWAMA project was to collaborate on curricula
development and performance in the environmental field within Higher Education institutions in
Germany, Italy, Malaysia and Thailand. Sophisticated teaching modules were developed to
combine face-to-face, distance and multimedia learning. The waste management sector was
selected as the subject due to its multi-faceted issues, and since it is very often overlooked during
the economic development of a country. The main activities within the project were the joint
development of course material on a modular basis. The project is mainly aimed at students in
the field of environmental, process and civil engineering. Further information about the
TETRAWAMA activities may be found under www.tetrawama.com.
This e-book, entitled “Solid Waste Management in Asia”, is one of the modules developed in the
scope of the project. It considers all the relevant aspects of solid waste technology and
management, including: waste generation and composition; collection and transport; recycling;
biological treatment; incineration; mechanical-biological waste treatment; landfilling; hazardous
waste management; and environmental management. State-of-the-art knowledge on the
respective topics is first summarised, then the situation in Asia explained in more detail. Each
Chapter ends with a comparison of the Asian and European situation, and gives future prospects
for the development of the waste management sector in Asia. The book was written thanks to the
collaboration of authors from Europe and Asia, ensuring that all the different regional
perspectives were considered.
This e-book is intended as a manual for students on environmental courses, not only in Asia, but
also in Europe. Furthermore, it may be useful for scientists, policy makers and manufacturers. It
is hoped that it can be used to strengthen the dialogue between European and Asian stakeholders
with respect to environmental issues.
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INTRODUCTION
Asia is home to almost 40% of the world’s population who are concentrated in two of the most
populous countries, China and India, and other-densely populated regions in the continent. Asia
has witnessed a rapid growth in population with an accelerated shift towards urbanisation as a
consequence of industrialisation and economic growth. Among the various environmental
problems that have engulfed the developing regions, municipal solid waste management is a
critical issue that has acquired an alarming dimension and requires immediate attention. The UN
millennium goal also emphasises on ensuring environmentally sustainable development that
gives due regard to reversing the loss of environmental resources. Large amounts of solid waste
remain unattended in most urban areas of the developing Asian countries, and those collected are
disposed of mostly in open dumps with little regard to environmental health and safety.
Municipal solid waste management services in most developing countries are unsatisfactory. The
common associated problems include a lack of:
•
•
•

institutional capability with technical expertise;
financial resources; and
legal provisions and role designation.

Rapid urbanisation and industrialisation coupled with the ever increasing growth in population
has led to a sharp rise in the quantity of municipal solid waste (MSW) produced in most of the
developing Asian countries. Even though the urban residents of developing countries produce
less per-capita solid waste compared to high income countries, the ever-expanding urban
boundaries and high population densities play a huge role in increasing the total MSW volume.
On top of that, a major part of the Asian waste is dominated by biodegradable materials which
ends up in open dumps and non-engineered landfills. This is due to the lack of capacity to
collect, process, dispose of or reuse the waste in a cost-effective way. The following Chapters
summarise the most relevant solid waste management topics, with a focus on the Asian situation
in terms of generation and composition of MSW, collection and transport, recycling, biological
treatment, incineration, mechanical-biological treatment, hazardous waste and environmental
management. Landfilling as a disposal method is only considered as a side aspect, although it is
part of the overall waste management system. Compared to Asia, the western European solid
waste management system is well established. The respective topics will be compared between
the western European and Asian situation in order to point towards future prospects for the
development of waste management in Asia.
Rapid population and economic growth are some of the causes of the incremental depletion of
our once abundant natural resources. The depletion rate is more rapid than can be replaced by
nature. At the same time, manufacturing industries and their waste streams are polluting the
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biosphere and compromising the survival and diversity of many plants and animal species.
Harmful emissions into air, water and soil are interfering with the regeneration of natural
resources. In a drive to meet the present human needs, one cannot compromise with the
requirements of future generations. Therefore, the use of resources calls for sustainability and
integrated solid waste management (ISWM), which is one of the most important aspects of
resource utilisation.

ISWM is the selection and application of technologies and management strategies appropriate to
the characteristics of the municipal solid waste (MSW) such that specific waste management
goals can be achieved (UNEP, 2001). At the same time, the process takes into consideration
technical, legislative, economic, socio-cultural, institutional and environmental aspects of waste
management. It has also been defined by USEPA (2004a) as the use of a variety of practices to
handle MSW safely and effectively. Integrated waste management techniques include source
reduction, recycling, composting, combustion, and landfilling.
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WASTE GENERATION
AND COMPOSITION
1.1 Classification of Waste
Waste in general is defined as a material or a product which the owner wants to dispose of. It
should be handled in a way that the public health and welfare is not adversely impacted and the
environment is not polluted. The types of waste produced are extremely varied, and can be
generated in several different sectors as shown in Figure 1.1. In Europe, the types of waste are
classified and detailed in the European Waste Catalogue (EWC). The EWC categorises wastes
based on a combination of the type of substances they contain and the process or activity which
produced them. Each waste has a six-digit code giving this kind of information. The catalogue
includes 839 waste types.
Waste may be generated in solid, liquid, sludge or gaseous form. In this Chapter, only solid
waste is considered. It can be distinguished into the fractions shown in Figure 1.2. The wide
range of wastes which may be generated in the different sectors is shown for Germany in Figure
1.3. Although the share of MSW represents only 5%, it will be focused upon it in this book.
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Waste
Other municipal
wastes

From production
processes

Demolition
and
construction
wastes

Solid
Municipal
wastes

Wastes
from
water
treatment
Measures

Household wastes

e.g.
sewage sludges

e.g. biowaste,
bulky waste,
waste paper,
used glass,
residual waste

Wastes
From public areas
e.g. from parks,
markets, streets

Commercial wastes
Similar as
household wastes

Figure 1. 1: Classification of waste (after: ZAW, 2006).

in %
Gesamtaufkommen
Total amount

5
10
Municipal wastes

3
Industrial wastes

12

Sewage sludge
Agricultural waste

70

mining, oil and gas
production

Figure 1. 2: Estimated global waste composition, distinguished by generation sectors (EPA,
1999).
Many different substances may be contained in MSW, as shown in Figure 1.4. It must be noted
that this average composition can vary widely from one region to the next. Of special
importance is waste with a hazardous potential. Almost half of the EWC waste types are listed
as hazardous. That means that these wastes contain substances in amounts considered to be
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dangerous (e.g. Pb, As, Cl, Hg). In the European Union, these dangerous substances are defined
in the EU-regulation 67/548/EWG. In absolute amounts, the hazardous waste forms only a small
fraction of the total waste generated, but it presents a potential risk to human health and the
environment.
Other material
from separate
collection (glass,
paper, plastics,
electrical parts)

Household waste
& waste of small
trades

Biowastes
Garden & park
wastes
Market wastes
Street rubbish &
refuse bins

Waste from small
trades (no public
waste collection)

Bulk waste

Figure 1. 3: Types of municipal solid waste, generated in the public and private sector in
Germany, 1997 (Statis, 2000).

Others
18%

Organics
29%

Specials
1%

Composites
Textiles

4%

Metals

Plastics
Glass
Metals

7%

Glass

Plastics

Organics
Paper-cardboard

Specials
Others

9%

Textiles
Composites

5%

26%
1%

Paper-cardboard

Figure 1. 4: Average composition of municipal solid waste in Europe (ACRR, 2005).

Waste may be a substitute of for various resources. Partly their material value, but also their
energetic value may be of interest. A high resource potential regarding the material value is
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contained in material such as waste paper, used glass, scrap metals and biodegradable wastes. A
high energetic value can be allocated to plastics and contaminated wood. To use the material
value, parts of the waste fractions must be collected separately. Even with a very high degree of
source separation and advanced separation technologies, it may not be possible to reuse the
whole waste fraction by material or energy recovery; some residues will remain which must be
disposed of.
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1.2 Municipal Solid Waste Generation in Asia
1.2.1

Sources and Types

In Asia, MSW is commonly regarded as the waste that is generated from human settlements and
small businesses, commercial and municipal activities. In other words, everything is collected
and treated by municipalities (UNEP/ GRID-Arendal, 2006).
MSW from Asian urban areas are blends of residential, commercial, institutional, industrial, and
tourist activities (UNEP, 2004). It is categorised into two basic types: residential and nonresidential wastes. For a particular area, the residential waste is almost uniform while the nonresidential sector shows a variation, particularly waste derived from the institutions which have a
higher generation on the workdays and almost none during weekends and holidays. In contrast,
the commercial sector has an increased generation during the weekends, holidays and festivals,
and peak tourist seasons. However, in the case of industrial wastes, hardly any changes in
generation are noticed, unless the production capacity of the industry is increased and a
particular category dominates the daily manufacture.
Municipal solid waste originates from several sources which can be grouped as given in Table
1.1. This shows the types of generators and broad classification of waste categories. However,
MSW in general does not include agricultural waste unless it is from small-scale units within the
precincts of the municipality.
Figure 1. 5: Sources and types of solid wastes in Asia (World Bank, 1999).
Source

Type of generators

Residential

Single and multifamily
units

Industrial

Manufacturing units,
power and chemical plants

Commercial

Stores, hotels, restaurants,
markets and malls
Schools, hospitals, prisons,
government offices
New construction sites,
road repair, renovation
demolition sites
Street cleaning, parks,
beaches, and other
recreational areas,
treatment plants
Heavy / light extraction and
process units, refineries
Crops, farms, orchards,
vineyards, dairies, feedlots

Institutional
Construction
and demolition
sites
Municipal
services
Processing
Agriculture

Type of Wastes
Food wastes, paper, cardboard, plastics, textiles,
leather, yard wastes, wood, glass, metals, ashes, special
wastes (e.g., bulky items, consumer electronics, white
goods, batteries, oil, tyres), and household hazardous
wastes
Housekeeping, packaging and food wastes, ashes,
construction and demolition debris, hazardous wastes,
special wastes
Paper, cardboard, plastics, wood, food wastes, glass,
metals, special wastes, hazardous wastes
Same as commercial
Wood, steel, concrete, dirt, stones etc.
Street sweepings, landscape and tree trimmings,
general wastes from parks, beaches, other recreational
areas, sludge
Process wastes, scrap materials, off-specification
products, slag, mineral tailings, unused raw materials
Spoiled food wastes, crop and animal wastes,
hazardous wastes (e.g., pesticides)
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1.2.2

Amounts

The generation of municipal waste in each Asian country is influenced by geographical factors,
the level of economic development and urban population density. The level of industrialisation
of a country as a whole and the presence of industries within the municipal jurisdiction greatly
influences the daily quantity of waste, as most of the industrial wastes from small and medium
scale industries route their waste through the municipal system. The total amount of solid waste
generated in 1992 in the Asia-Pacific region was about 700 million Mg, excluding industrial
activities. The yearly production is estimated to nearly triple by 2010. It is also estimated that 3050 percent of the generated waste is not collected (ESCAP, 1995). Some examples regarding the
MSW generation are quoted for selected Asian countries below.
The accelerated growth in China has seen a quantum jump in the MSW generation within a span
of five years, between 1998-2002 (Figure 1.5). This significant increase in waste generation is
attributed to the growth in its Gross Domestic Product (GDP) by 10% during 1981-91, 8% in
2000 and 7.3% in 2001 (World Bank, 2003). GDP growth affected the consumption pattern of
less productive rural communities, eventually leading to generation of more waste. However,
lower economic standards in the colder regions of China and the use of cheap unwashed coal
resulted in vast amounts of clinkers in the solid waste. Similarly, the urbanisation of Thailand
due to rapid industrialisation in the agro-industrial sector led to an upward trend in solid waste
generation, as processed foods became a more common proportion of people’s diets. Other
developing countries are experiencing a similar trend in urbanisation and industrialisation which
has become the main cause of increased generations of solid wastes (AIT, 2004).
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160
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Figure 1. 6: Rising trend of waste generation in China (AIT, 2004).
The level of the economy of a country specifies the waste generated as well; the Middle East oil
rich countries generate large amounts of bulky wastes. Similarly, during the hot season in
southern India and other tropical coastal regions, a large volume of waste in the form of raw
coconut shells is generated. During the dry seasons in south Asia and China, MSW contains
large components of sand and dust from street sweepings. Where recycling facilities are
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available, the recyclables are collected from door to door, which decreases the amount of
generated MSW. This is seen in most parts of Asia where the informal waste collectors make a
living out of the collection and sale of plastic, rubber, metals and fabric which have a ready
market in the recycling industries.
The industrial wastes are distinctly different and specific to each incumbent industry. However,
the situation over the last two decades has been aggravated due to the unabated increase. The
higher levels of resource consumption have resulted in severe impacts, leading to constraints and
environmental degradation. The increasing waste generation can be attributed directly to the
increasing population, rapid urbanisation, change in life styles of the urban people due to higher
incomes, increasing dependence on processed foods, and the neo-industrialisation drives of most
Asian countries.
Another source of waste that finds its way into the MSW stream is from medical clinics and
hospitals, as most of the smaller units have no specific system of disposal of these wastes. Not
only do these wastes pose an environmental health hazard for handling, but they also have a
long-term affect on the environment.
The pattern of generation varies significantly and can be demonstrated by the per capita per day
waste generation with respect to four countries (China, India, Sri Lanka and Thailand). This has
been found to be different as indicated in Figure 1.6. The figures are based on the study of
collected wastes from each of these countries by the municipal system.
1,1
1
0,9

kg/day*person

0,8
0,7
0,6
0,5
0,4
0,3
0,2
China

India

Sri Lanka

Thailand

Country

Country

Figure 1. 7: Per capita generation of MSW in 2002 (AIT, 2004).
The per capita waste generation varies from city to city. For example in China, the current
average is 0.65 kg per day, but the larger metro cities of the coastal regions have larger values
compared to smaller urban centres in the interior which have a smaller scale of economic
activities. Similarly, India averages 0.5 kg/day/capita waste generation in larger cities and a
minimum of 0.2 kg in smaller cities. Similarly, Sri Lanka and Thailand have a higher average
waste generation rate in the regions where tourism flourishes. An interesting fact from a study of
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waste generation pattern from a survey in central Bangkok by the metropolitan authority
revealed that there was no significant difference in the per capita MSW generation between high
income and low income groups (excluding industrial wastes), which was found to be 0.425
kg/day (Luanratana and Visvanathan, 2004). The per capita generation for selected Asian
countries is indicated in Table 1.2, which clearly distinguishes between the cities of high income
countries and the developing countries. The amount of solid waste generated in each of the four
countries mentioned above has been found to be increasing significantly. A similar situation can
be seen in other countries in Asia, particularly the more developed countries. The presence of
industrial and clinical wastes in the general waste stream also increases the overall per capita
generation.
Table 1. 1: Municipal solid waste generations in select Asian countries/cities.
Country/City
India
Vietnam
Laos,
Sri Lanka
Maldives
Ulaan Bator
Yangoon
Phnom Penh, Cambodia
Pakistan
Bandar Seri Begawan
Singapore
Tokyo
West-Malaysia
Kuala Lumpur

1.2.3

Per capita
(kg/day)
0.3-0.6
0.35-0.80
0.69
0.20-0.85
0.66-2.48
0.6
0.45
0.76
0.6-0.8
1.0
1.1
1.5
0.8-1.0
1.85

2.3
0.18
0.5
0.55
0.31

Collection
(%)
70-72
40-70
25 -40
32
80

0.12
2.84
-

100
100

Annual
(106 tonnes)
48 (1997)
8.1 (1998)

Reference
AIT, 2004
UNEP, 2001a
ADB, 2000
UNEP, 2001b
JICA, 1998
UNEP, 2002
ASEAN, 2000
ASEAN, 2000
Zurbrugg, 2002
ASEAN, 2000
ASEAN, 2000
ASEAN, 2000
MHLG, 2004
MHLG, 2004

Composition

MSW from different Asian countries and regions differs in composition, with the developing
countries generally having higher proportion of food and garden wastes as compared to the
developed countries, which have a large fraction of paper and plastic (Dhussa and Varsney,
2000). The major portion of the waste generated is food waste, as shown for some countries in
Figure 1.7. Similarly, the pattern of waste composition for low income Asian countries does not
vary significantly. It is estimated that the waste generation rate for 2025 will be three times
higher than today at the current rate of urbanisation. The average Asian MSW has a
biodegradable composition of above 40% and a moisture content of more than 40%. The organic
content is anticipated to be as high as 60% by 2025 (World Bank, 1999).
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Glass = 0.3
Others = 1.5
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5

China
(1) Food waste
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(2) Miscellaneous

Sri Lanka
(3) Paper

(4) Plastics

Thailand
(5) Metal

Figure 1. 8: MSW compositions in four Asian countries (AIT, 2004).
Asian society is predominantly agricultural-based, and raw agricultural products are more
commonly used than processed food, especially in the developing regions. Geographical location
also plays a significant role, as urban centres close to the coastal zone are abundant in seafood
wastes while those in the interior produce more vegetable wastes. Similarly, climatic factors
create changes in the waste, especially in central Asia and other colder regions.
The average chemical composition of the urban solid waste was determined for two Indian
metropolitan cities (Table 1.3). It indicates that the residential wastes have a higher moisture
content owing to the organic fraction, while the commercial and industrial wastes have a
comparatively lower moisture content and hence a correspondingly higher calorific value making
it suitable for incineration. However, the larger fraction of organic matter restricts this option if
used directly. The composition makes the waste suitable for composting, anaerobic digestion and
use as a refuse derived fuel (RDF) for incineration. The composition also shows that waste
processing is an indispensable stage prior to disposal.
Generally speaking, most Asian countries have similar food habits. Despite the emerging trend
towards processed and packaged food, and the growing agro-industrialisation and urbanisation
which has increased the economic well-being of the urban dwellers, they still depend on raw
foods. Social setup and economic divisions between societies results in differences in waste
characteristics. The higher income communities produce a large volume of paper, plastic and
recyclables compared to the lower income communities, who generate predominantly organic
wastes and ash from the use of raw coal and cow dung or other biomass as fuel.

25

Table 1. 2: Average chemical composition of urban MSW in two Indian cities (2002) (AIT,
2004).
Waste
Origin
Residential

Moisture
%

pH

N
%

40-45

7-7.3 0.5-0.6

% P as % K as O. Matter Carbon
%
%
P2 O5
K2 O
Kolkata
-0.35-0.4

Commercial
Industrial

40.2

7.21

0.427

0.617

51.35

7.16

0.676

Residential

16

8.5

16
14.25

Commercial
Industrial

0.312

31-35

C/N

C. Value
(kJ/kg)

17.5-19.5 31-37 4650 - 5815

39

21.6

50.8

--

40.14

22.3

32.94

--

0.6

0.579 0.6785
Delhi
0.65
0.4

36

21

34

5930

8.4

1.12

0.84

0.64

42.35

24.56

21.92

7000

8.55

0.66

0.68

0.31

31.9

18.5

30.9

5580

Organic waste content changes from city to city depending on the vegetation (trees and shrubs)
and their seasonal shedding of leaves. The fraction of residential food waste decreases with the
practice of animal keeping. The amount of faeces is significant in slums and unplanned periurban areas lacking sewerage systems. Even in cities like Kabul, it is a cultural practice to use
bucket latrines that are emptied into MSW collection points. In many other places the “wrap and
throw” system is used, primarily in unplanned areas (UNEP, 2004).
Higher income countries like Israel, Saudi Arabia, Kuwait and the UAE produce large, bulky
wastes in the form of abandoned vehicles, electric appliances, furniture and packaging material.
Most often, the MSW is characterised by a high paper and plastic content, particularly in Japan
and Singapore.
Climate and geographical conditions determine the types of food available and the associated
waste characteristics. The influence of these factors can be observed from the characteristics of
MSW in Thailand for different cities (Table 4). The average values follow the general trend for
the monsoon climate of Asia, with high moisture content, low calorific value, presence of
recyclables and low bulk density. Seasonal variations can also be observed. For example, during
the rainy season, the moisture content is higher and waste is denser. Poorly paved streets increase
dirt and soil content from manual street sweepings but get washed away by storm water during
the rainy season.
The composition and characterisation of MSW in most of the urban areas in Asia are not
recorded regularly, and methodologies are not uniform. Samples may be taken from one point,
but not periodically, so that variations over the year cannot be ascertained. This makes it difficult
for exact characterisation of the waste. Traditionally, waste categories are divided into organics
(food wastes/bones), inert, paper, metal, glass, textiles, rubber, leather, wood/yard wastes,
ash/soil etc which are not sufficiently helpful in understanding the application of treatment
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systems and environmental risks posed by the wastes. The analysis neither includes the presence
of human faeces (particularly in South Asia) and biomedical wastes, nor the presence of batteries
and other hazardous materials (ESCAP, 1995).
Table 1. 3: Composition of MSW in selected cities in Thailand (2002) (AIT, 2004).
Municipality

Food

Paper Plastic Rubber and Cloth
Leather

Yard
waste

Glass, stone Metal
and cans

Others

Chiang Mai
Nakhon
Ratchasima
Khon Kaen
Hat Yai
Rayong
Chonburi
Pathumthani
Samutprakarn
Pattaya
Phuket
Udonthani

59.32

10.96

11.58

0.95/3.55

1.42

2.49

3.19/0.42

5.64

0.75

44.6

17.2

10.66

1.6

1.28

1.26

1.05

1.05

21.3

52.2
56.5
38.6
63.25
49.6
51.21
64.3
49.1
67.2

1.69
5.25
9.74
5.25
4.5
23.86
2.8
15.2
11.4

4.06
14.2
13.39
4.5
24
8.89
20.89
12
10.5

4.72
1.46/1.20
1.88/3.13
2.00/1.90
0.37
1.10/1.66
0.50/0.50
0.8

7.55
0.73
3.41
1.25
5.5
1.75
1.1
3.1
1.6

2.83
11.23
6.47
5.76
6.5
4.89
1.14
1.2
0

13.94
2.58/0.39
6.32
25/5.0
1.70/1.00
2.37/3.45
1.10/1.20
10.20/2.50
6.1

6.6
3.5
5.45
5
2.9
1.06
1.47
1.2
0.8

4.41
3.14
1.4
2.48
0.4
2.16
3.27
4.5
1.6
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1.3 Municipal Solid Waste Generation in Europe
Examples of waste generation rates in European countries are given in Figure 1.8. The specific
generated waste amount varies from country to country and also in different regions of one
country. The differences may be explained by different consumption patterns, and different
systems for municipal solid waste collection and disposal. Furthermore, the variable bases for
waste classification and reporting may have an impact as well.
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Figure 1. 9: Waste generation from households and from commercial activities in different
European countries (EEA).
In the European Union, approximately 1.3 billion Mg of waste are generated annually. This
amounts to about 3.5 Mg of solid waste per capita and year (ACRR, 2005). MSW according to
the European definition makes up approximately 14% of the total waste amount (EEA, 2002,
ACRR, 2005), which equals 490 kg per capita and year. Other sources give slightly different
average values ranging from 400 to 540 kg per capita and year (EEA, 2002). This range
represents the difficulties in the waste amount evaluation. However, there is significant variation
between the European countries as shown for selected European countries in Figure 8. Only in
some has a decrease in total waste generation occurred during the last few years. This was
mainly caused by reductions in waste in the industrial and mining sectors. If the MSW is
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considered, there is still an upward trend due to the consumer and commercial behaviour (EEA,
2006 and ACCR, 2005).
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1.4 Comparison of the European and Asian Situation
In the following section, the situation regarding the generation and composition of MSW in Asia
and Europe is compared. In general, food habits, cultural traditions, lifestyles and economic
status, climate and geographical conditions, and literacy rates significantly contribute to the
varied MSW characteristics. The main influencing factors are discussed in this section.
The understanding of the term “Municipal Solid Waste” differs between European and Asian
countries. This aspect has to be urgently considered when generation rates and waste
compositions are compared. In Europe, the commonly used MSW categories cover wastes which
originate from households, public buildings and areas, as well as in small commerce. Human
faeces (night soil) and the sewage sludge generated in waste water treatment plants are not
included. Furthermore, demolition debris, agricultural wastes, industrial wastes as well as
hospital waste are not incorporated.
In Asia, MSW is considered as the waste generated by human settlements and by the industries
which produce consumer goods. Therefore, demolition debris and agricultural waste are
included. Hospital waste and sometimes also human excrement are included as well. Since all
types of waste generated in one region are commonly collected together, industrial waste
resulting from the production of consumer goods may also be included, even though it is not
covered by the term.
Due to the different understanding of the terms, the waste generation rates given for Asian
countries may be different if European evaluation methods are used. The majority of hazardous
wastes are generated in industrial processes or in hospitals. Therefore, when comparing the
composition, it has to be considered that the MSW in Asia can have a significant hazardous
potential, whereas in Europe, the hazardous potential of MSW is low, although the absolute
amount of generated hazardous waste may not necessarily be different.
Despite the difference in understanding of the common MSW terms used by the Europeans and
the Asians, confusion may also occur within one country. For instance in Europe, a major
fraction of the MSW such as packaging material and waste paper is collected separately due its
resource potential. Sometimes, authors do not count this fraction. Furthermore, there may be
different comprehensions, especially between the EU-member states and the European accession
countries. In Asia, in certain regions not all of the generated waste is collected, and significant
amounts are disposed of in the environment. Often, these uncollected amounts are excluded..
For these reasons, a comparison between values representing waste generation rates and waste
composition is very difficult, and assumptions have to be made.
Most European countries have similar levels of waste generation. However, in Asia, waste
generation rates can vary widely, and are reported to be between 73 to 900 kg per capita and year
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(Table 1.2). The industrialised Asian countries, such as Japan and Singapore, have even higher
waste generation rates of 350 to 550 kg per capita and year; figures which are comparable to
Europe. The maximum generation rate was reported to be 900 kg per capita and year for the
Maldives. Here, very strong regional differences occur, ranging from 240 to 900 kg per capita
and year. This may due to the fact that the Maldives consist of many islands which are very
inhomogeneous in use. For instance, some are tourist hot-spots, while others are deserted island
which are only used to collect firewood and coconuts or used for cultivation by the population of
neighbouring islands (The Maldives, 2006). The Asian countries which tend to have low waste
generation rates, ranging from 70 to 300 kg per capita and year (as it is reported for Sri Lanka or
Vietnam) are often also countries with very low waste collection rates. It can be assumed that not
all of the waste generated is considered. The overall Asian trend observed in the past few years
has shown a significant increase in the amount of generated waste. Further increases are
expected in the future, with figures set to triple by the year 2025 (World Bank, 1999). Some
major factors of influence are discussed in the following.
1.4.1

Economics

Although there are differences in the standard of living between the European Union countries
and regions, a correlation between private consumption and waste generated from daily
household and commercial activities does not exist. The level of waste generation is less
dependent on income than other differences between the EU member states (EEA-data-service).
They may only become obvious if the traditional EU member states are compared with the
accession countries. Moreover, the range of incomes is not as drastic as in Asia, where the main
impact on waste generation is the standard of living and other economic factors. This leads to the
situation of having extreme differences in waste generation between countries in Asia and within
the same country.
1.4.2

Population and Urbanisation

In Europe, the rate of population growth is no longer rising rapidly. In fact, certain European
countries have the problem of negative growth in population. On average, the annual growth of
population in Europe is below 1%, whereas it is more than 3% in some Asian countries. The
rapid increase of the Asian population in combination with increasing urbanisation results in
large increases in the total waste amounts.
Regional Aspects
The largest regional differences may be observed in Europe if traditional EU member states are
compared with the accession countries: an average of 550 kg of waste per capita were produced
in 1999 for Belgium, Denmark, Italy, Luxemburg, Netherlands, Portugal, Spain, United
Kingdom, compared to an average of 350 kg per capita in 1999 for the Czech Republic, Estonia,
Hungary, Lithuania, Poland and Romania (EEA, 2002). It appears that the waste amounts are
considerably lower in the accession countries, probably due to economic reasons. On the other
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hand, some of the traditional EU-member-states have a low waste generation rate (Figure 8),
despite a strong economy. The reasons may be found in legislative and management measures
which focus on waste avoidance. In Asia, clear differences are especially apparent in the waste
generation rates between rural and urban areas. In Asian megacities, the generation of MSW is
nearly equal to that of European countries, or sometimes even higher. In rural areas, significantly
less waste tends to be produced, which also may be due to economic factors.
Composition of Waste
The waste composition varies from country to country, and between different regions of one
country. On the whole, there are significant differences between European and Asian countries.
For example, in Kuala Lumpur, Malaysia, the average waste composition in 2002 was the
following: organic waste 63%, plastics 14%, paper 7%, garden waste 6%, metal, glass and
textiles 6% [MHLG, 2004]. In Germany, the main fractions that year were paper 39%, packaging
materials including plastics 23%, organic waste including garden waste 16%, metal, glass and
textiles 21%. To highlight the influencing factors on the different waste compositions, the hazard
potential, the organic content and the packaging waste will be focused on.
Hazardous Potential
The main difference regarding the hazardous potential of the MSW between Europe and Asia is
that in Europe significant amounts of the hazardous waste streams are collected separately. This
is not the case in Asia. Hazardous waste has its origin from mainly industry and hospitals. For
instance, in Germany, the waste generation in the manufacturing sector is approximately 300
Mio Mg, and in hospitals approximately 0.5 Mio Mg (Statis, 1996). The 18 Mio Mg of
hazardous waste allocated to Germany in Figure 9 originates mainly from these two sectors.
However, the hazardous potential of the approximately 50 million Mg of MSW generated in
Germany is low. Since industrial, hospital and public waste are frequently collected in a mixed
way in Asia, the hazardous potential of the MSW can be considered as very high; the mixed
nature of the waste means that safer disposal, or even treatment of these waste is near
impossible. This leads to significant negative environmental impacts and health hazards for the
Asian population.
Organics
The characterisation of MSW differs greatly with regards to the amount of biodegradable
materials. In Asia, the organics dominate the MSW composition at about 40-85%. The average
for 2025 is expected to be 60%. In contrast, the European average is reported to be only 29%.
This lower organic content is partly as a result of the higher amounts of other waste fractions
such as glass, waste paper or plastics which have consumer goods as a source. In industrialised
countries, they are produced in higher amounts due to the higher standard of living. Therefore,
the relative organic content in the MSW becomes smaller. On the other hand, in Kuala Lumpur
where the living standard is fairly high, the organic content of the MSW is still approximately
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63% (MHLG, 2004). Since other well developed Asian regions also have a very high organic
content in their MSW, economic status cannot be the only reason for this. Of influence are
cultural aspects as well. Asian households have different behavioural patterns towards food
consumption than European households. The tradition of cooking is much more important than
in European, where packaged and pre-processed food forms a significant part of the diet. This
influences the generation of biodegradable waste in the households. Overall, it cannot be said
that the more industrialised and economically rich a country is, the lower the organic content of
the waste.
The high organic content in Asian MSW leads to a relatively high moisture content. This needs
to be taken into account when choosing a suitable collection system intended for separated
treatment of the organics by composting or digestion (Chapter 5). For many Asian regions, wetdry separation systems are suitable. The wet fraction consists of relatively large amounts of
organics from households, while the other fractions will include glass, paper, and plastics. In
Europe, a significant fraction of the MSW organics consists of dry garden waste. Due to the
smaller content of organics in general and more significant amounts of garden waste, European
collection systems often focus on general organic material. The system is commonly called
biowaste collection.

biowaste in kg per capita and week
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Figure 1. 10: Seasonal impact on biowaste amount and composition, Germany, (Krogmann,
1994).
The waste composition may be significantly influenced by climatic conditions. This is shown in
Figure 1.9 which represents the German biowaste collected in different seasons. In Europe, the
growth of vegetation varies considerably from season to season, which influences the amount of
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green waste generation. For instance in autumn, many trees will drop their leaves and
accumulate in the biowaste, while in summer, garden activities become more significant. In
winter, very little green waste is generated. In Asia, there are no extreme changes in vegetation
growth between the seasons so that amounts of organic waste generated throughout the year is
more or less constant, as is the average MSW composition.
Packaging Waste
With increasing standards of living, more plastic and paper is produced, both in Europe and
Asia. This leads to higher amount of packaging waste and waste paper in general. In most Asian
countries, the plastic content is below 5%. However, in Thailand, the content of plastics in the
MSW is above 10%, whereas the European average is about 9%. Influencing factors which may
lower the generation rate of packaging waste in regions with high living standards include public
awareness combined with environmental education as well as legislative impacts. The Packaging
Waste Directive of the European Union (94/ 62/ EC) has as its first priority the prevention of
packaging material generation. However, these factors only lower the contents to a certain
extent. In European countries with relatively successful waste prevention measures, the decrease
in packaging waste production has been moderate. Austria was one successful country which
managed to lower the amount of packaging material to approximately 20 kg per capita and year
from 1997 to 1998 (Environmental signals, 2002). The method applied in Germany to lower the
production rates of packaging material consists of the producer having to pay a fee for the
packaging material amount.
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1.5 Summary and Future Prospects
To sum up, in general it can be said that with an increase in population and urbanisation, waste
generation rates increase. Furthermore, the generation is dependent on factors such as geography,
level of economic development, population density and level of industrialisation. When
comparing different values, it is necessary to consider the methods used to analyse a sample of
waste. The values presented in literature only present average values, and give an idea of the
range in which a value may lie. Beneath the analysis it is sometimes not clear which fractions
have been taken into account. For most Asian countries, there is a need to develop appropriate
analytical categories and testing procedures to enable an accurate characterisation of the MSW
stream.
The generation of municipal solid waste in Asia has been increasing along with economic
growth and changes in life styles and the consumption patterns of the urban dwellers. The
problems faced by the urban environmental management processes include controlling the
amounts of waste generated and the unscientific disposal methods presently practiced. The
option for treatment and disposal is highly dependent on the composition and the characteristics
of the waste, and should be site-specific. However, the quantity of MSW would undoubtedly
decrease if certain administrative, technical and managerial measures were undertaken by the
responsible civic authorities. The present system in which most industrial wastes find their way
into the municipal stream should be changed. Many resources within this industrial waste stream
could be recovered. For example, organic wastes from food processing industry can be used to
obtain compost and RDF, or digested to generate energy. Similarly, construction and demolition
wastes can be effectively used for land reclamation or other construction and recovery activities.
The present practice of co-disposal of hazardous wastes into the MSW stream would require
segregation and routing such that the effects on the environment are reduced. To avoid the
presence of hazardous waste in the MSW stream, administrative and legislative policy aspects
need to be strengthened and enforced by urban authorities. On the whole, the generation and
composition of municipal solid waste plays a significant role in determining the most suitable
technology for the management of the solid waste stream.
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COLLECTION AND
TRANSPORT
Human activities create waste, and it is the way these wastes are handled, stored, collected and
disposed of, which can pose risks to the environment and to public health. Where intense human
activities concentrate, such as in urban centres, appropriate and safe solid waste management are
of utmost importance to allow healthy living conditions for the population. This fact has been
acknowledged by most governments; however many municipalities are struggling to provide
even the most basic services. The difficulty has been aggravated by lack of effective legislation,
inadequate funds and services, and the inability of municipal authorities to provide cost-effective
services.

2.1 Waste Collection Systems
There are several waste container systems, none of which are mutually exclusive (GonzàlezTorre et al., 2003):
- Household containers / Pavement collection: Consist of bins (typically plastic boxes)
allocated to individual families, and therefore very near to the source of waste generation.
In some approaches, each family receives a single bin where all types of recyclable waste
is placed. In others, each family has multiple bins, for example one for plastic and one for
glass and paper. This aids the sorting process at the point of pavement collection. It is
also the most expensive system, because the need for a greater number of collection
points involves higher investments in both time and money.
- Neighbourhood containers: this system is typically used in apartment complexes, where
individual families are responsible for delivering their waste to a common container
(neighbourhood rubbish bin).
- Zone containers: consist of large bins for different waste types located in central areas
that serve one or multiple neighbourhoods. This system is often used for cases where
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-

there is pavement collection for residual waste, but no pavement collection of
recyclables. They are usually placed in public squares and other spacious areas that
provide easy access for waste disposal trucks.
Green points: are areas that have been specifically designed to collect not only separated
items from the collection areas and pavement bins, but also to selectively collect
materials not covered by other systems (hazardous waste, computer equipments, etc.).

Nowadays, the collection system usually consists of placing containers for different wastes
(plastic, glass and paper) in the centre of living areas, and the consumers bringing the materials
themselves. The main problem with this system is trying to achieve a high public motivation; this
requires the implementation of appropriate promotional campaigns. Another common approach
is sorting household solid waste at home. A typical household waste collection is performed for
the following categories: dry waste, biowaste, plastic, paper, glass and tins. As an example,
Figure. 2.1 shows the proportion of waste destined for recycling, landfill or incineration,
generated by two different collection systems in the city of Padua (Italy).
RECYCLING

16%

64%

WASTE COLLECTION WITH
ROAD CONTAINERS

WASTE SORTING AT HOME

84%

36%

LANDFILL OR INCINERATION

Figure 2. 1: Influence of two different collection systems on waste destination in Italy
(Consortium of Municipalities in the Province of Padua, Italy, 2003).

2.1.1

Waste Transport Systems

In most modern cities, waste transport is carried out by vehicles. Examples of the motorised
vehicles used are presented in the following.
Vehicles equipped with a container, crusher and compactor (which increases the bulk density of
waste from about 150 kg/m3 to 500 kg/m3) move along the streets, collecting waste from bins
located at different points. Modern vehicles have one of two mechanisms (or both) for picking up
the waste (Wallace and Sutton, 2001). One type has a rear-loading hopper, which has a relatively
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low edge to minimise the hoisting height of containers by the waste crew. This is suitable for the
collection of small containers and waste that can be lifted by one or two operators (Fig. 2.2).
When the hopper is full, a hydraulic ram compacts the waste into the truck, thus maximising the
capacity of the truck.
The second type has a top-loading opening and a forklift-type hoist at the front of the vehicle
(Fig. 2.3). The hoist fits into slots on the side of the larger dumpster containers, lifting it over the
cab of the truck, and dumping it into the bin. These trucks also have compaction capability. For
routes that include all sizes of containers, trucks with both types of bin are available.

Figure 2. 2: Vehicle for the collection of small containers and waste that can be lifted by
one or two operators.

Figure 2. 3: Vehicle with a top-loading opening and a forklift-type hoist at the front of the
vehicle.
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Pneumatic waste collection is a non-conventional system which consists of a number of
collection points connected by an underground pipeline network that conveys the waste to a
collection centre or particular truck. Here, it is loaded into hermetically sealed containers and
compacted before being conveyed to a location for final treatment (Fig. 2.4). Transport is
possible by means of a depression applied to the pipeline network from the collection centre or
suction point. Every single collection point is equipped with a storage tank and valves that allow
the selection of the collection points during the aspiration phase. This system is usually found in
city centres (as illustrated in Box 2.1), commercial and office complexes, airports and hospitals.
In general, solid waste collection systems vary widely between countries. Political
considerations, public acceptance, public health, economics, and environmental and historical
conditions are a few of the many aspects affecting solid waste collection plans.

Figure 2. 4: Scheme of the pneumatic waste collection system. (Source: Rossetti and Cossu,
2005).
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Box 2. 1: Case study of pneumatic waste collection in historic city centres.
Waste collection in historic city centres is often hampered by:
- Antiquated infrastructures;
- Narrow winding streets, not suitable for heavy waste collection vehicles;
- Little space for waste bins, limiting the possibilities for waste separation;
- High aesthetic and hygienic demands.
The pneumatic waste collection system in Palma di Mallorca (Spain) is located in the historic
centre of the city. The system was installed in 1999, and has been in operation since 2002. 345
inlet points are located along the old streets of the city (Fig. 2.5), and more than 9,000 flats are
served. The system consists of a complex underground pipe network with a total length of
12,000 m.

Figure 2. 5: A view on the historic centre of Palma di Mallorca, Spain.
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2.2 Collection and Transportation of Solid Waste in Developing
Countries
2.2.1

Introduction

The collection of solid waste involves the picking up of waste from the various sources, hauling
it to the dump location, and unloading of waste. Collection of solid waste is an activity which is
always under public scrutiny, since its efficiency is the main indicator for good solid waste
management practice. An efficient collection system contributes to low solid waste management
operating costs, and a clean and healthy environment.
Collection is the largest cost element in most municipal solid waste management systems.
Studies have shown that the collection of solid wastes accounts for 60-70% of costs in
industrialised countries, and 70-90% of costs in developing and transition countries (UNEP,
1996).
In many developing countries, waste collection is often highly inefficient. Workers may be
poorly motivated, untrained, under-paid, and disregarded. Obstacles to greater efficiency include
obsolete or non-functional equipment, and routes which have not kept pace with urban growth.
Up to half of the poorer quarters of developing cities are underserved or completely unserved
(UNEP, 1996).
Knowing the importance of collection to the solid waste management system, this Chapter is
aimed at providing guidance for the planning and control of collection and transportation
processes to the solid waste management professionals of developing countries.

2.2.2

Solid Waste Collection

Municipal solid waste management has led to highly efficient household waste collection
systems, using a combination of containers, vehicles, personnel and logistics that are individually
suited to the local condition (i.e. population density, residential structure, traffic etc.). The type
of collection system and its area of application are shown in Table 2.1. The types of collection
for different premises, and the person responsible for bringing the container out from its storage
location, is summarised in Table 2.2.
Door to door collection requires that the collection crew go to every house to collect waste.
Drop-off or collection stations, on the other hand, are where the collection point is located at a
specific location where waste accumulates and is collected. In some developed countries,
underground pneumatic transport or vacuum extraction in conjunction with individual apartment
chutes are used. The waste is discharged using disposal bags and usually transported to transfer
stations where they are collected and transported to the disposal facility.
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Table 2. 1: Collection systems and its area of application.
Collection system
Door-to-door

Area of application
Urban areas

Drop-off at a specific
collection point or
collection station

Low population densities
and rural areas

Vacuum extraction or
pneumatic method

Blocks and urban areas

Residents put their waste in the
waste disposal bags and discharge
these bags to the collection point.

Large blocks, commercial
and industrial complexes

Roll-off containers are placed in
the waste generator’s property and
transported by collection vehicles
to the transfer station or disposal
site.

Hauled container

Explanation
Residents put the waste in waste
containers outside their houses for
scheduled collection
Residents transport their waste to
a specific collection point.

Table 2. 2: Type of collection for different premises. Adapted from: Tchobanoglous et al,
(1993).
Type of premises

Type of
Person
collection responsible
Low-rise detached Pavement Homeowner
dwelling

Alley

Low-and
medium-rise
apartments

Explanation
Containers are placed by homeowner at the
pavement on collection day, and take back the
empty container to its storage location until the
next collection.
Alleys or back lanes are part of the basic
layout of a city or residential area. For this
type of collection, the storage location of solid
wastes containers is in the alley.

Setoutsetback

Collection
crew

The containers are setout from the
homeowner’s property and setback after being
emptied.

Setout

Collection
crew

The containers are setout from the
homeowner’s property by the collection crew
and the emptied containers are setback to the
storage locations by the homeowners.

Pavement Maintenance Maintenance staff transport the container to
staff
the street for curb collection. If large
containers are used, the containers are emptied
mechanically by collection vehicle.
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High-rise
apartment

Depends on the size and type of containers
used. The containers may be emptied by
collection vehicles or may be hauled to an offsite location where they are unloaded.

Commercialindustrial
facilities

Both manual and mechanical means are used
to collect wastes.

For commercial and industrial complexes, hauled containers are often used. The roll-off
containers used for this system are placed at the waste generator’s property until full, after which
they are transported directly to transfer stations or the waste disposal facility.
In urban and suburban areas, the type of solid waste collection is either pavement or alley. Here,
homeowner places the solid waste container on the pavement or in an alley on the collection day.
The collection crew empty the containers into collection vehicle, and the homeowner takes the
emptied container back to its storage location until the next scheduled collection time.
Other collection types that are also used are setout-/setback, and setout collection. For the setoutsetback collection, the containers are carried out from the back yard to the curb, emptied by
collection crews, and then returned to their original storage location by the crews. In the setout
collection, the container is setout from the homeowner’s property by the collection crew, and the
emptied container is setback to the storage location by the homeowner.

2.2.3

Collection Frequency

The collection frequency should be determined based on the sanitary and economic
requirements. As shown in Table 2.3, at least nine days are required for the development of a
housefly egg into an adult housefly in a warm climate. From the viewpoint of housefly control,
once a week collection is sufficient if strictly followed and proceeded by sanitary disposal.
Odour problems will still arise, and from an odour control and aesthetic point of view, twice or
three times per week collection is desirable in tropical countries.

Table 2. 3: Development of the housefly.
Temperature ( ˚C)
20
27
35

Required time for the development of a
housefly egg to an adult housefly (days)
20.5
10.8
8.9
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From an economic point of view, daily collection (except weekends) is more expensive
compared to once, twice or three times per week. As shown in Figure 2.6 and 2.7, the workload
on the day following a weekend is very high in the case of daily collection (except weekends),
which demands extra equipment and human resources that are not required on other days.

Tonnes

Average daily collection

1

2

3

4

5

6

Day

Source: JICA, 1993

Figure 2. 6: Daily collection, except on weekends.
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Tonnes

Average daily collection

1

2

3

4

5

6

Day

Source: JICA,1993

Figure 2. 7: Three times a week collection.

2.2.4

Types of Collection Vehicles

Almost all forms of collection are based on collection crews who move through an area with a
vehicle for collecting the waste. This vehicle may be small and simple or large and complex,
such as a compactor truck. The collection vehicle selected must be appropriate to the terrain, the
type and density of generation points, the roads and travel routes, the type of waste to be
collected, the capability of collection crew, and the point and manner of discharge of its load. If
the vehicle is to be used for multiple purposes, it must be suitable for all the above requirements.
Muscle power collection vehicles are still the practical means of waste collection in many
developing countries (Fig. 2.8). Such vehicles are suitable for very narrow lanes in congested
residential areas and also in rural hilly areas. They are inexpensive and easy to build and
maintain compared with other vehicles.
Non-compactor trucks are more efficient and cost-effective than compactor trucks in small cities
and in areas where the waste tends to be very dense and have little potential for compaction. The
use of lighter, more energy efficient non-compactor trucks can be appropriate for sparsely
populated areas where the main constraint on collection efficiency is distance. However, noncompactor trucks need to be covered when transporting wastes to prevent wastes from spilling or
soaking from rain.
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(a) Thailand

(b) Thailand

(c) China
Figure 2. 8: Collection tricycles employed in Thailand (a & b) and China (c).
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Compactor trucks are the standard practice for solid waste collection vehicles in developed and
most developing countries. It is the technology of choice for many solid waste managers due to
its several advantages:
i.
ii.
iii.
iv.
v.
vi.

It can contribute to an increased loading rate due to its appropriate loading height
and the compaction mechanism;
Solid waste compaction can increase the collection and transportation efficiency;
A compactor truck can unload solid waste faster because it is equipped with
mechanical tipping devices or ejector blades;
A compactor truck has a closed and escape-proof body;
The vehicle is designed to be easily cleaned, and has an acceptable appearance;
The vehicle is safer for the collection crews and local traffic because its
appearance demonstrates its function, and it is equipped with various safety
devices.

However, due to waste characteristic and constraints faced by developing countries, the use of
compactor trucks for collection of solid waste possessed several disadvantages. These include:
i.

ii.
iii.
iv.
v.

2.2.5

The waste cannot achieve maximum compaction since the solid waste generated
in developing countries is normally already very dense or has a high moisture
content;
The maintenance of compactor trucks requires skilled labour;
The spare parts for compactor trucks are generally not readily available, and must
be imported;
The compaction mechanism equipped in compactor truck will increase the fuel
consumption;
The cost of acquiring a compactor truck is much higher than a conventional
tipping vehicle.

Collection and Transportation Planning

Solid waste collection planning is defined as laying out the most economic and efficient
collection system, and finding the most suitable combination of methods and equipment which
will satisfy the desired performance.
In many developing countries, equipment costs are relatively high compared to labour costs, and
the procurement of extra equipment and replacement of existing equipment is not easy to achieve
due to limited import/export. Therefore, the improvement in the collection and transportation in
many developing countries is dependent on the maximum utilisation of existing collection
equipment.
Collection vehicle routing is the most important exercise in collection and transportation
planning in order to allow the maximum utilisation of collection equipment. The routing consists
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of three major parts: macro-routing, route balancing and districting, and micro-routing. The
process flow of collection vehicle routing is shown in Figure 2.9. The process is a continuous
exercise because the background condition such as population density, land-use, traffic
regulations and solid waste generation are constantly changing.
Macro-routing
The first step of collection vehicle routing is macro-routing. Macro-routing involves assigning
each collection route to a particular disposal site or processing facility so that the total pattern of
assignments will result in the optimal use of the facilities, and will minimise the total cost.
In a simple case where there are only one or two facilities, or where all the facilities are landfills,
the solution is readily apparent. If all discharge points are sanitary landfills, the optimal solution
would be to minimise the round trip haul time for each route, taking into consideration queue
times at each site. This generally means hauling to the closest landfill. However, a complex
system may involve many different facilities, such as shredders, balers, incinerators, energy or
material recovery facilities, transfer stations, compost plants or landfills. In such cases, a
computer program may be required to optimize usage and citing of facilities.
Route-balancing and Districting
Route-balancing and districting is a second step of collection vehicle routing process. It is a
process whereby the optimum number of services that constitute a fair day’s work is determined,
and the collection task among the collection crews is divided to achieve equal workloads. Routebalancing is accomplished by applying the following equations:
i.

Population to be served by each collection vehicle per shift (N)
N = Min {Le, Lc}/ ((7/F) x G/1000)
Where:
N=
Le =
Lc =

C=
H=
E=
V=
D=
T=

number of inhabitants to be served by each vehicle per shift
maximum workload (tonnes/shift) defined by the collection efficiency
(E) = (C x H) / E
maximum workload (tonnes/shift) defined by the collection vehicle
capacity
(V x T) = V x D x T
crew size (persons/crew)
working hours (hours/shift)
collection efficiency adopted in the design (man-hours/tonne)
volume of collection vehicle container (m3)
density of solid waste collected (tonnes/m3)
number of trips per shift
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F=
G=
ii.

frequency of collection per week
solid waste generation rate (kg/person/day)

Number of blocks to be served by each vehicle per shift (B)
B=N/I
Where:
N=
I =

population to be served by each vehicle per shift
population per block (average)

Design (e.g. 1 month)
- Macro-routing
- Route balancing and districting
- Micro-routing through Heuristic method

Specific
Period
(e.g.1 year)

Implementation and adjustment (e.g. 1 month)
- Training of supervisors and drivers
- Public relations
- Adjustment

Execution and evaluation (e.g. 10 months)
- Measurement of efficiency (tonnes/trip,
man-hour/tonne, etc.) through control
system

- Urban development
- Increase of waste generation rate
- Change of traffic flow direction
- etc.

Re-design
(e.g.1 month)

Figure 2. 9: Collection vehicle routing process flow.
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The result from route balancing is used as the basis for dividing collection areas into several
collection districts. However, if possible, natural and artificial boundaries (rivers, lakes, streams,
mountains, valleys, railroads, highways, parks, cemeteries, hospitals, etc.) should be used.
In the case of a big city, it is preferable to divide it first into several typical collection zones, and
then establish the design factors (population per block, type of equipment, collection frequency,
collection efficiency, etc.) for each zone.
“Heuristic” Micro-Routing
The third step of collection vehicle routing is micro-routing. The objective of micro-routing is to
minimise the length of the collection route, e.g. by preventing a repeat of the same route, not
entering streets that do not require a service, avoiding U-turns, heavily trafficked streets, and left
turns (for left hand drive countries) or right turn (for right hand drive countries) for each
collection vehicle.
The information required for conducting micro-routing are the location of the collection vehicle
garage, the transfer station for final disposal site, the direction of one way streets, the rush hour
period, topography of the study area, and passable and impassable roads.
The simple, non-computerised “Heuristic”, or common sense, approach to micro-routing is then
conducted according to the following steps:
Step 1:
Step 2:
Step 3:

Prepare the city map of a scale 1: 5,000;
Prepare the working map for each district using tracing paper, and where ever
possible, simplified road networks;
Develop the most appropriate routes on a trial and error basis by referring to the
rules used for “Heuristic” routing described below. See Figure 2.10 for routing
examples.

Rules of “Heuristic” Routing (for Countries with Left Hand Drive):
i.

ii.
iii.
iv.

Routes should not be fragmented or overlapping. Each route should be
compact, consisting of street segments clustered in the same geographical
area;
The collection route should be started as close to the collection vehicles
garage or collection vehicles pool as possible;
Heavily used roads should not be collected during rush hours;
Services on dead-end streets can be considered as services on the street
segment that they intersect, since they can be collected only by passing down
that street segment. Keep left turn to a minimum; however, dead-end streets
should be collected when they are to the right of the truck by walking down,
reversing, or making a U-turn.
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v.
vi.
vii.
viii.
ix.
x.

xi.

xii.

Start

When practical, steep hills should be collected on both sides of the street
while the vehicle is moving downhill;
Higher elevations should be at the start of the collection route;
Reversing should be avoided as much as possible. Streets where there is no
rubbish to be collected should also be avoided;
The collection route should be ended as close to the solid waste final
destination (transfer station, processing facility or landfill site) as possible;
For collection from one side of the street at a time, it is generally best to route
with many clockwise turns around blocks;
For collection from both sides of the street at the same time, it is generally
best to route with long straight paths across the grid before looping clockwise.
Note: Heuristic rules (ix) and (x) emphasize the development of a series of
clockwise loops in order to minimize left turns, which generally are more
difficult, time consuming and dangerous than right turns;
Streets should be travelled only twice if only one side of a street is picked up
at a time. If both sides are collected at the same time, streets should be
travelled only once;
For certain block configurations within the route, and in the case of the
collection from one side of the street at a time, the following specific routing
patterns should be applied (Fig. 2.10):

Routing configuration
applicable whenever four
blocks are positioned as
shown

Finish
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Start
Finish

Three-block
configuration

Start
Finish

Variation of threeblock configuration

Figure 2. 10: Examples of route configurations.

Collection Efficiency Improvement
Collection efficiency is a critical indicator for benchmarking collection systems. An efficient
collection system aims to collect as much waste as possible with a given amount of labour,
capital, and time (UNEP, 1996). One of the methods for identifying deficiencies in a collection
system is to undertake a “Time and Motion Study”. A “Time and Motion Study” is whereby the
physical and human resources utilisation efficiency in collection and transportation process in
measured in order to identify areas for improvement. The study also collects other relevant data,
such as road conditions, solid waste storage conditions, workers’ safety and populations in
service area co-operations.
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The other method used for identifying issues for improvement in the collection system is through
the benchmarking of solid waste collection processes. The benchmarking of collection processes
is whereby the actual result is compared to the expected result to enable identification of the
existing deviation, and take necessary corrective measures. The objectives of benchmarking are
to obtain the necessary information for planning, and to check the performance of collection
work against the operation plan. Without continuous benchmarking activities, the efficiency and
effectiveness of a collection process will begin to fail. Of importance during the development of
a benchmarking process is to establish the necessary parameters and eliminate those that are not
of use.
There are three parties involved in a benchmarking process aimed at improving the solid waste
collection system. These are the public, the collection services delivered by the municipality and
solid waste collection contractors.
Benchmarking of the Public
In this case, benchmarking should be carried out on the following items:
i.
Communal dustbin on the public road
ii.
Setout of household refuse for collection:
a.
Type, size and material of storage container
b.
Setout place and time
c.
Quality of refuse
d.
Type of refuse to be collected
iii.
Public street cleansing, sweeping of sidewalk and use of rubbish bins
iv.
Refuse storage facilities in blocks
Benchmarking of Municipal Public Cleansing Services
The benchmarking of municipal public cleansing service should cover the following items:
i.
Level of collection coverage
ii.
Service delivery consistent with the operation plan: frequency, day, time and
planned route
iii.
Level of street cleansing coverage
iv.
Maintenance of pre-established cleanliness level
v.
Capacity of collection vehicles
vi.
Time per trip of collection vehicles
vii.
Collection personnel: attendance, use of uniform and safety gear, communication
with the public, salvaging of materials from refuse
viii. Petition and acceptance of tips
ix.
Observance of working safety regulations
x.
Observance of preventative maintenance regulations of collection vehicles
xi.
Appearance of collection vehicles: cleanliness and general condition.
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Benchmarking of Solid Waste Collection Contractors
The benchmarking of solid waste collection contractors should cover the following items:
i.
Benchmark of the contracted refuse collection service
a. The coverage, type of refuse collected, quantity per population, observance of
planned frequency, day, time and route
b. The service quality: littering, leachate spillage, appearance of vehicles and
workers’ behaviour
ii.
Benchmark of the contracted street cleansing service
a. Maintenance of pre-established cleanliness level
b. Services coverage, frequency and timetable
c. Cleaning of public rubbish bins
iii.
Benchmark of collection vehicles maintenance
a. Scheduled maintenance
b. Repairs
c. Charged value of repair works.
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2.3 Policies to Improve Solid Waste Management in Developing
Countries
2.3.1

Why is a Policy Required for Solid Waste Management?

Most developing countries do not have specific policies on solid waste management. Some of the
reasons for this include: lack of interest or resources; the environmental and public health
standards are too high to be realistically reached; inadequate capabilities of the designated
responsible institutional organisations; responsibilities not clearly defined; lack of trained
professionals and of managerial skills; and an absence of motivational and educational
programmes for industries and the public (Diaz & Ortellado, 1995).
The importance of specific policy for solid waste management is to provide future directions for
all aspects of solid wastes management i.e. from storage, collection, transfer and transport,
treatment and disposal. In Malaysia, the Action Plan for a Beautiful and Clean Malaysia (ABC
Plan), prepared by the Ministry of Housing and Local Government in 1988, has become a de
facto guideline for solid waste management activities by the state and local authorities. The ABC
Plan describes the need for a national policy, its objectives and components, the roles of the
various levels of government and private sector, and finally provides a comprehensive action
plan with clearly identified programmes.
The ABC Action Plans would be executed by the local authorities with guidance from federal
agencies. This was in accordance with the Local Government Act 1976 which effectively places
responsibility for solid waste activities with the local authorities. The ABC Plan also identified
the need for common landfill sites, and the state governments were requested to guide and help
the local authorities in preparing a regional infrastructure for the disposal of waste. The role of
the private sector was seen to be as simply contractors to the local authorities for collection and
disposal activities.
2.3.2

Market-Based Instruments

There are a whole range of alternatives for solid waste management strategies, which can be
classified into the following categories: economic instruments; organisational instruments; legalcum-economic instruments; financial arrangement; institutional arrangements; organisational
instruments; integration; and public outreach and participation (Fernandez, 1993). One of the
most widely discussed policy instruments is the market-based (MBI), which stems from the fact
that individual functions in the waste are not correctly priced (Pearce & Turner, 1993). Waste
items do not carry a price tag for the individual waste generator, corresponding to the marginal
social costs of collection and disposal. The result is that the financial costs of waste disposal (as
borne by waste generators) continue to be relatively low, representing an under-pricing of the
wastes assimilating capacity service of the environment.
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Economic analysis indicates that too much waste will be produced in a market system in which
environmental damage (external costs) from the waste is not reflected in the price of the products
initially produced and consumed in the market. The market fails to allocate resources efficiently
because prises fail to reflect full social costs. The proper costs of landfill, incineration and
composting are not reflected in end-product prices in the market place. A survey conducted in
Malaysia showed that none of the 230 official disposal sites in Malaysia are environmentally
safe. Most of these sites are open dumps, as characterised by ad hoc site suitability studies, lack
of cover materials, inadequate facilities such as weighbridges and fencing, and a lack of pollution
control measures, in particular for leachate and gas emissions. The existing waste disposal
practices would cause environmental damage costs. A comprehensive study conducted by
Hassan (1991) showed that the damage costs of haphazard open dumping practices were around
RM1.723 million per day (€53,775).
In the UK, the environmental costs of new urban landfills with energy recovery (methane gas)
were around €1.5 to €3 per tonne of waste (Singer, 1995). The damage costs that were estimated
include global warming, air pollution and acid rain, leachate pollution, transportation effects and
pollution displacement effects.
A range of different market-based instruments could potentially be deployed (Table 2.4),
including the so-called product charges (waste disposal taxes) and deposit-refund systems (in
essence, a combined tax and subsidy system).
Table 2. 4: Examples of the use of economic instruments in the management of packaging
waste (Pearce & Turner, 1993).
Country

Type of Economic
Instrument
Deposit-refund
waste charge
(incentive)

in use (u)
under study/proposed (p)
Refillable plastic beverage containers (p)
MSW (u)

Canada

Deposit-refund
waste charge

Beer and soft drink containers
Non-refillable containers

Denmark

Deposit-refund
product charge

Refillable beer and soft drinks containers
Beverage containers
Pesticide in small containers (u)
Various packaging products

Austria
Belgium

Waste charge
(incentive)

Application:

Finland

Deposit-refund
waste charge

Non-returnable beverage (carbonated) containers
(u)
Refillable beverage (carbonated) containers (u)

France

Waste charge
(incentive)

MSW (p)

Germany

Deposit-refund

Plastic beverage containers (u)
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Extension to other packaging (p)
Italy

Product charge

Non-biodegradable plastic bags (u)

Netherlands

Waste charge
(incentive)
product charge
Deposit-refund

MSW (p)
Non-recyclable packaging (p)
Products with short life PVCs (p)
Products with aluminium and long life cycle
PVC (p)

Norway

product charge
Deposit-refund

Disposable carbonated drinks containers
Refillable beverage containers

Portugal

Deposit-refund

Metal cans (p)

Sweden

Product charge
Deposit-refund
Waste charge
(incentive)

Beverage containers (u)
Aluminium cans (u)
Not specified (p)

Switzerland

Product charge

Disposable beverage containers (p)

United Kingdom

Recycling Credits

MSW (u)

USA

Deposit-refund
Marketable
Permits

Beverage containers (u)
Newsprint (p)

2.3.3

Private Sector Involvement and their Collaboration with Public Agencies

In most countries, solid waste collection and disposal services have been contracted out to the
private sector, usually at the municipal level. The rationale for privatisation is economics. The
roles of various stakeholders, including the private sectors, at various stages of solid waste
management in other countries are summarised in Table 2.5. Private sector involvement has been
necessary due to the high capital costs involved, and the need to inject market driven efficiencies
into the system. However, the extent to which overall management is handed over to the private
sector has been mixed. As far as can be ascertained, there has been no privatisation elsewhere on
the scale being attempted in Malaysia, i.e. the wholesale privatisation of solid waste
management. Table 2.6 identifies current and potential involvement of private enterprises in the
various stages of solid waste management. The table also summarises the proposed solid waste
privatisation programme in Malaysia.
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Table 2. 5: Stakeholder involvement in solid waste policy and action.
Stakeholder

Central
Government
Municipal
Government
Private Solid
Waste
Business
Private
Industry
(glass, paper,
etc.)
Community
Organisation
NGOs
(national
scope)
Waste pickers
at dump site
Itinerant waste
pickers
Household
Collectors
(individual)
Schools

Generation

Storage

*

Separation for
Recycling and
Processing

Collection

*

Transportation

Intermediate
Treatment

Disposal

+

+

*

*

*

***

***

***

***

♦

♦

♦

*

*

*

*

♦

♦

♦

*♦

**

**

**

♦

♦

♦

♦

♦

*

*

♦

♦

♦

*

♦

♦

**

♦

**
**

**
**

**
**

*

*

*

♦
**

♦

Notes:
+

Indicate subsidies/external intervention from foreign loans.
Indicates supportive role.
*
Indicates responsibility for policy.
**
Indicates responsibility for action.
(Source: Fernandez, 1993).
♦

Table 2. 6: Opportunities for public-private partnerships in developing countries and the
proposed privatisation programme in Malaysia.
Function

Private

Public
Collection
Transfer
Intermediate
Treatment:
Composting
Incineration
Crushing

*
*

*
*

♦

*

♦

*

♦

*

Privatisation
Programme
Malaysia
*
*
*

in

*
*
*
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Baling/Compacting
Recycling
Disposal
Open Dump
Landfill

♦

*

*

♦

*
*

♦

*
*

*
*

♦

Notes:
*

Indicates current involvement.
Indicates potential involvement.
(Source: modified from Fernandez, 1993)
♦

The performance of the private sector compared to the public authorities of selected cities are
presented in Tables 2.7 to 2.10.
Table 2. 7: Collection vehicles in use in six Asian cities.
City

Number of Vehicles ( %)
Direct management Private Management Total
25 (33.8)
49 (66.2)
74

Penang,
Malaysia
Metro Manila, Phil.
Kuala Lumpur,
Malaysia
Greater Bombay
Seoul, Korea
Nagoya

134 (18.0)
336 (87.5)

610 (82.0)
48 (12.5)

744
384

134 (18.0)
540 (54.8)
102 (33.2)

610 (82.0)
446 (45.2)
205 (66.8)

744
986
307

Source: Fernandez (1993)

Table 2. 8: Comparative vehicle efficiency measures in selected cities.
City
Bangkok
Seoul
Kuala Lumpur

Vehicle Efficiency (Tonnes/vehicles/day)
Public
Private
6.75
7.27
11.08
16.35
6.9
7.8

Trips/Day
1.8
3.4
1.5

Source: Fernandez (1993)

Table 2. 9: Comparative vehicle efficiency of public and private collection in three Asian
cities.
City
Bangkok
Seoul
Kuala Lumpur

Vehicle Efficiency (Tonnes/Vehicle/Day)
Public
Private
3.75
4.27
3.26
4.81
4.60
5.20

Source: Fernandez (1993)
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Table 2. 10: Comparative vehicle efficiency of public and private collection in various
Asian cities.
City
Metro Manila
Kuala Lumpur
Greater Bombay
Buenos Aires

Vehicle Efficiency (Worker/Vehicle)
Public
Private
22.0
1.4
3.72
3.75
9.8
7.0
0.8-1.1
8.4

Source: Fernandez (1993)

2.3.4

Conditions for Successful Privatisation of Solid Waste Management

The pre-requisites for successful implementation of a solid waste privatisation programme are
summarised as follows:
• Political commitment: a firm support and commitment from the city’s political
leadership;
• Financial autonomy: direct access to funds earmarked for waste management, and
adoption of appropriate service fees, particularly for industrial and commercial
clients, by the municipal managers in order to provide steady, viable and
uninterrupted services with equitable waste management financing;
• Comprehensive planning: a comprehensive planning approach for reviewing the
collection and disposal services must be followed by the municipalities, which
incorporates elements such as recycling, legislation, regulations and enforcement, to
ensure that the private sectors fit into the overall solid waste management programme;
• Financial accountability: full understanding of the actual and unsubsidised costs of
providing waste management services, and also the financing sources and magnitude
to sustain it;
• Municipal responsibility: municipalities must precisely define their tasks in contracts,
and performance must be monitored carefully. Relinquishment of total responsibility
to private firms must be prohibited to avoid monopoly or cartel, which may result in
unchecked exploitation of the government and public.
2.3.5 Comparison of the European and Asian Situation
The collection of waste is one of the most difficult operational problems faced by local
authorities in large cities. The collection problem is especially crucial for cities in developing
countries due to the hot weather and the inadequate resources (Amponsah and Salhi, 2004). The
appropriate method for waste collection depends on the properties, composition of the waste and
on the selected waste management strategy. The collection system can therefore be considered as
one of the most important processes of an integrated waste management system. In addition, the
method of collection can significantly influence the quality of the recovered materials, such as
compost, refuse derived fuel (RDF), etc.
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Solid waste collection systems vary widely between countries. Political considerations, public
acceptance, public health, economics, and environmental and historical conditions are a few of
the many factors affecting solid waste collection plans. In the EU, a growing body of community
directives based on the framework given by Directives 75/442/CEE, 91/156/CEE and 94/62/CEE
obliges its members to recover and recycle many products and components (e.g. containers,
glass, paper, plastic, consumer goods, automotive components, electronics, etc.). The usual
collection system in the EU countries is composed of two phases (Bautista and Pereira, 2005).
First, citizens leave their refuse at special collection areas where different types of waste (glass,
paper, plastic, organic material) are stored in special refuse bins. Subsequently, each type of
waste is collected separately and moved to its final destination.
There is a growing concern for the inadequacies of solid waste management in developing
countries and developing areas of countries with mixed economies. The reasons for waste
collection and sanitary disposal are well-understood and accepted in developed countries, and
workable regulations are now in place in most of them. However, waste disposal in developing
countries is still largely uncontrolled, and vast quantities of waste remain uncollected (Blight and
Mbande, 1998). Trends in solid waste management reveal that service delivery differs between
the developed and developing countries (Poswa, 2000) as follows.
Asian Services
In formally laid-out towns and cities, refuse is typically collected using either specially designed
refuse collection vehicles or general purpose trucks or tractor/trailer combinations. Informal
settlements, squatter camps, or shanty towns exist within and on the outskirts of most towns and
cities in developing countries. The problems of waste collection in these communities are very
different from those in formal settlements of developed countries with their well-planned roads
and a regular lay-out, for a number of reasons:
-

There is often a lack of awareness of the dangers to health of refuse and even excreta
accumulation between the informal houses;
Because of the small and irregular spaces between the informal houses and their often
random layout, conventional refuse collection vehicles cannot gain access to provide a
conventional house-to-house refuse collection service.

One answer to the problems of inaccessibility is to provide large communal containers or skips at
strategic positions. These containers are collected and/or emptied periodically by the local
authority or by a contractor paid by the local authority. However, even this measure has its
problems:
-

Refuse may be dumped next to the containers and not in them;
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-

Refuse is not taken to the containers, but is discarded (e.g. by throwing it out of the door)
and accumulated in odd corners and open spaces;
Refuse-filled containers are set alight causing problems of odour and air pollution;
Movable containers are overturned to act as shelters for homeless people.

A current approach is devolving the responsibility for refuse collection onto the members of the
community itself in the form of self-help schemes. A number of these schemes have already been
put into operation in various parts of the world.
In many countries, there is great interest in involving private sectors in solid waste management.
Sometimes this is driven by the failures of municipal systems to provide adequate services, and
sometimes by pressure from national governments and international agencies. As an alternative
to large (often international) companies that can provide most or all of the solid waste services in
a city, micro-enterprises, small enterprises or community-based organisations can be involved in
services at the community level (neighbourhoods or the small city administrative zones). They
often use simple equipment and labour-intensive methods, and therefore can collect waste in
places where the conventional trucks of large companies cannot enter.
With regard to the technical system, often the “conventional” collection approach, as developed
and used in the industrialised countries, is applied in developing countries. The vehicles used are
sophisticated, expensive and difficult to operate and maintain, and are thereby often
inappropriate for the conditions in developing countries. After only a short period of operation,
usually only a small propotion of the vehicle fleet remains in operation.
European Services
The solid waste management services in developed countries is characterised by an increasing
use of sophisticated technology, with more emphasis on waste minimisation and recycling. A
wide variety of vehicles are used for waste collection, ranging from horse-drawn carts, dump
trucks, open stake-sided trucks, to modern, enclosed waste collection vehicles capable of
hydraulic compaction.
At the beginning of 1999 in Belgium, a novel scheme to curb waste increases was implemented
by introducing a specific tax for those municipalities in which household waste generation rates
exceeded a specified level. The tax was aimed at encouraging municipalities to reduce waste
increases. In France, a waste strategy to create greater public responsibility for generated waste
created public awareness of the need for source separation, a better distribution of household
waste management costs and improved collection systems adapted to local needs. Similarly, in
Italy, the introduction of home composting has demonstrated an ability to deliver impressive
waste minimisation. Through this scheme, municipalities experienced increased public
enthusiasm for source separation.
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In the thematic strategy for the prevention and recycling of waste, the European Commission
points out the need to put a halt to growing waste quantities, and to decouple waste economic
growth and waste generation. As things look today, an increased level of recycling and higher
quality of recycled material would have to be produced largely via a selective collection system
located close to the consumer – i.e. sorting at source and separate collection of several fractions.
This means that the need to store the waste in buildings or on the pavements and squares will
increase. The number of waste transport routes would also increase due to more complex
logistics since more fractions have to be collected separately.
All this conflicts with the EU’s objective of sustainable urban development. A solution comes
from shifting the storage and transport of the waste below ground and developing attractive and
accessible deposit points. The underground waste transport systems, introduced in Sweden in the
1960s, represent a new dimension in waste handling. In recent years, automated underground
waste-transport systems have achieved high acceptance in cities in northern and southern
Europe. In many cases, they now offer a real alternative to conventional waste collection.
Access to Collection Systems
In most cities of the developing world, a significant portion of the population does not have
access to waste collection services, and only a fraction of the generated waste is actually
collected. In developed countries, the collection can be considered as area-wide. However, illegal
dumps do occur. Most of the Asian collection systems are relatively inefficient as the collection
vehicles and containers are not fitted with compactors, necessitating transportation of loose
waste and hence creating a constraint on the capacity of the collection system. Handcarts, tractortrailers and low level of mechanisation are employed to collect waste from communal bins and
other collection points. On top of that, financial constraints and lack of technical expertise
severely limit the effectiveness of solid waste collection and transportation in most areas.
Shortage of storage bins, collection vehicles, non-existent or inadequate transfer stations and
traffic congestion are the other technical factors affecting collection efficiency, resulting in low
waste collection rates. It is estimated that 20-50% of the solid waste generated in South Asia
remains uncollected, even though more than half of the local operational expenditures often goes
towards waste collection.
As a result, the uncollected waste, which is often also mixed with human and animal excreta, is
dumped indiscriminately in the streets and in drains, thus contributing to flooding, breeding of
insect and rodent vectors, and the spread of diseases. Furthermore, even collected waste is often
disposed of in uncontrolled dumpsites and/or burned, polluting water resources and the air.
Municipal solid waste collection schemes of cities in the developing world generally serve only a
limited part of the urban population. The people remaining without waste collection services are
usually the low-income population living in peri-urban areas. One of the main reasons is the lack
of financial resources to cope with the increasing amount of generated waste produced by the
rapidly growing cities. Often, inadequate fees charged and insufficient funds from a central
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municipal budget cannot finance adequate levels of service. Operational inefficiencies of solid
waste services operated by municipalities can be due to inefficient institutional structures or
organisational procedures, deficient management capacity of the institutions involved, as well as
the use of inappropriate technologies.
Equipment
The equipment needs of solid waste collection systems include not only the trucks used for
collection itself, but also the containers used for storage of the waste at the pickup points. The
more efficient the containers, the faster the pickup time can be – a variable that impacts the costs
of collection more than any other (Wallace and Sutton, 2001). In many places in Europe, the
waste is often placed openly in containers or in bags on streets and squares. The size of the
containers can vary considerably according to the pickup location. A single-family household
clearly needs a relatively small container, such as a polyethylene rubbish bag or a 50 litre bin.
For multi-family pickup points, much larger containers are used of up to 10 cubic metres. This
type of container requires a truck with hydraulics to pick it up and empty it into the truck’s bin.
The main purpose of optimizing container types is to speed up the collection process. Even a
small container can be easily emptied into a truck by one man. As the containers get larger, they
exceed the weight and handleability of even two men, so mechanical means are necessary to
achieve the collection. As mentioned earlier, this impacts the collection time, which governs the
ability of a truck to collect over a given area in a day. Ideally, for even the largest containers,
collection time per container should be less than two or three minutes.
For systems that use basic collection procedures, containers may not be available at all. In some
developing nations, enclosures at local collection points are the only containment provided.
Clearly, this is an inefficient system which impacts collection times, since the waste has to be
manually shovelled into the back of a collection vehicle. With the essential policy reforms,
Thailand has made improvements in all functional elements of the MSW management system.
For onsite storage, durable plastic wheeled bins are replacing oil drums. The main advantage of
such mobile rubbish bins is that they can be quickly loaded using a hydraulic power loader or
manually by two men. In Bangkok, for easier collection and reduction in waste contamination,
separate colour-coded bins are provided at the generation points. The wastes are classified into
three different categories according to the collection techniques, and the bins are identified by
the colour code used for each waste category as follows (Asian Institute of Technology, 2004):
-

Green bins for food wastes to be disposed off in landfills;
Yellow bins for wastes collected for recycling (plastic, glass, metals, etc.);
Grey bins with red lids for household hazardous wastes (herbicide, insecticide, batteries,
fluorescent tubes) which are collected, stored and sent for disposal to hazardous waste
landfills.
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2.4 Summary and Future Prospects
To sum up, the picture in developing countries is very different from that of developed countries.
In many developing countries, experience has shown that there is a tendency to adopt the
methods and technology from developed countries which often prove inappropriate. There are
also inadequate municipal services due to limited resources and lack of public awareness for
waste management, resulting in high levels of unsorted waste generation and littering.
As seen, solid waste collection systems vary widely between countries. Though the many aspects
of modernisation are case-specific, the use of conventional solid waste containers and collection
trucks is a general practice that can greatly increase the efficiency of solid waste collection by
decreasing the time required at individual collection sites. Use of modern rubbish collection
vehicles employing in-vehicle waste compaction allows quantities of contained waste to increase
per vehicle-day. In addition, modernisation of solid waste collection practices improves the
aesthetics and reduces the number of vectors attracted to collection locations. Development of an
integrated waste collection plan for the implementation of these practices is recommended, since
the timely and coordinated implementation of these collection practices would benefit the entire
community.
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RECYCLING
3.1 Target and Recyclable Materials
Recycling is a series of activities that involves collecting, sorting and processing or converting
used or abandoned materials into useful products. Discarded materials are recovered from the
municipal waste stream and used as raw materials in the process of product manufacturing rather
than for obtaining energy. Recycling forms a very important part of the sustainable waste
management hierarchy that follows the principle of decreasing the waste disposal by recovering
the useful resources, which would otherwise end up in disposal sites. Many of the materials
comprising MSW can be reduced, reused, or recycled for which markets are needed.
In the hierarchy for managing the solid waste that is generated every day, waste prevention is of
utmost importance. USEPA (2004a) defines waste prevention as source reduction by means of
changes in the design, manufacturing, purchase, or use of materials or products (including
packaging), to reduce their amount or toxicity before they are discarded. In other words, waste
prevention includes source reduction and reuse, but not recycling. It can also be termed as
pollution prevention, which is basically reducing and reusing materials, recycling (including
composting), incineration and landfilling. For an integrated waste management system, these
activities form a package for which each facility must be determined based on its location,
resources, and markets for recyclable materials. Thus sustainable waste management has
recycling in third place after reducing and reusing of waste. In order to understand recycling, it is
important to understand these two processes.
One of the main goals in solid waste management is to reduce the amount of waste going to
landfills. Governments worldwide are becoming more demanding in their attitudes to the subject
of possible reuse or the recovery of materials which hitherto had simply been disposed of in
landfills. Waste minimisation through source reduction, material recovery, reuse and recycling is
the central basis for an integrated approach to sustainable MSW management. Its success
depends on the principles of cleaner production (CP) practices in many developed and
developing countries in the region. It is considered to be a more efficient tool than the
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conventional waste management practices. Waste minimisation by CP is generally prevalent in
the industrial solid waste management and it can enable minimisation of MSW generation,
increase potential of recycling and decrease disposal both in municipal and global scenario (AIT,
2004).
According to the European Communities Directive on the landfill of waste (Council Directive,
1999), only waste that has been subject to treatment can be accepted for landfilling. Among the
possible treatment options, the directive includes physical, thermal, chemical, biological
processes and sorting in order to reduce the volume or the hazardous nature of waste, facilitate
its handling or enhance recovery. Member States must also set up a national strategy for the
implementation of the reduction of biodegradable waste going to landfills. The strategy must
ensure that in future municipal waste going to landfills will be progressively reduced to 75%,
50% and 35% of the total amount (by weight) of biodegradable municipal waste produced in
1995 or the latest year before 1995 for which standardised Eurostat data is available. In this
framework, recycling represents a good option, and it is increasingly considered in national
waste management policies throughout Europe.
Recycling turns materials that would otherwise become waste into valuable materials. Glass,
metal, plastics and paper are collected, separated and sent to facilities that can process them into
new materials or products. Figure 3.1 shows the recyclable materials in the waste stream. Plastic
wastes, particularly those in the form of used containers and packing materials are denounced as
being a wasteful use of oil resources (basic raw material for polymers production is oil), and
cause environment pollution through littering and plastics processing. In Europe, recycling of
PET has climbed dramatically over the past decade, rising about 37% per year from 1994 to
2001, from about 45 kilotonnes to 340 kilotonnes (Johnson E., 2003). The business is well
established today, consisting mainly of converting used bottles into fibres for textile products.
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PLASTIC, DRINK BOTTLES
Reprocessed for auto parts, Fiberfill, Strapping
ALUMINIUM CANS
Reprocessed for can sheet and castings
CONSTRUCTION WASTE, TIRES
Reprocessed for pressed board, roads
and other construction projects

FOOD WASTE
Composted and used to amend soil

RECYCLABLE WASTE

OTHER METALS
Cleaned and reprocessed
as scrap and structural products
GLASS
Bottles, construction material

FURNISHINGS AND CLOTHING
Reused by another person
YARD WASTE
Composted for landscaping
PAPER
Reprocessed as printing and writing papers, newsprint,
tissue products, paperboard, insulation, animal bedding

Figure 3. 1: Recyclable materials in the waste stream.
Recycled waste paper is a very important raw material for the paper industry. Reuse of waste
paper is possible in three ways: reuse of some part of waste paper, like newspapers, as packing
material, reuse of waste paper in paper production, and energy recovery from wastepaper by
incineration. In any case, the possible strategies for waste recycling have to be evaluated
according to cost-benefits analyses.
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3.2 Municipal Solid Waste Recycling in Asia
3.2.1

Recyclable Fractions

The rapid economic growth in the developing regions of Asia has led to increase consumption
patterns. The characterisation of MSW shows an increasing fraction of the recyclables in the
waste stream. The recyclable waste for selected countries indicated in Table 3.1 includes paper,
cardboard, plastic, aluminium and other metals. Considering only half of the recyclable materials
can be recovered, the potential for recycling in each country is immense. In most countries in
South Asia, the informal recycling system is intensive. Most of the available recyclables are
diverted from the municipal system through door to door collection by itinerant collectors.
Another look at the waste characteristics of the middle and low income countries shows that the
potential for recycling would be significantly higher by 2025 from what it currently is (Figure
3.2).
Table 3. 1: Compostable and recyclable fraction of MSW for selected countries
Biodegradable
Location

waste
(%)

Recyclable waste
(%)

Reference

Urban centres, India

74.7

6.3

Savage et al, 1998

Manila, Philippines

53.7

25.6

Savage et al, 1998

Metro cities, China

48.3

19.5

AIT, 2004

Thailand

58.2

25.2

AIT, 2004

Sri Lanka

63.6

23.5

AIT, 2004

80

13

UNEP, 2001a

Bangladesh

84.4

13.8

UNEP, 2001a

Mongolia

11.8

51

UNEP, 2002

Cities in Viet Nam

31.5-50.6

12.2-23.5

UNEP, 2001b

Karachi, Pakistan

39

20

Nepal

Zurbrugg, 2002
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Waste Characterization
Middle income countries (1999)

Organic
Glass

Paper
Metal

Plastic
Others

Waste Characterization
Middle income countries (1999)

Organic
Glass

Paper
Metal

Plastic
Others

Waste Characterization
Middle income countries (2025)

Organic
Glass

Paper
Metal

Plastic
Others

Waste Characterization
Middle income countries (2025)

Organic
Glass

Paper
Metal

Plastic
Others

(Note: Low income: Per capita GNP < EUR 1200; Middle income: EUR 1200-5000

Figure 3. 2: Waste composition of low and middle income countries (World Bank, 1999).
3.2.2

Recycling Practices

Recovery of materials from solid waste stream is commonly practiced in most developing
countries. Some industries depend on the whole or a part of these materials for re-processing or
re-fabrication. Currently, recyclable materials are removed from the waste stream and recycled at
many points such as prior to disposal in the household, through segregated collection, in the
garbage truck while the waste is transported to the disposal site, by roadside litters and illegally
dumped garbage by scavenging waste pickers, by paleros and “jumpers” prior to dumping, and
at the dumpsite by resident waste pickers (Magalang et al., 2003). A variety of approaches are
being used by cities, municipalities, and barangays (political districts e.g. in the Philippines)
towards waste reduction and recovery. Most materials used for recycling such as cardboard,
various paper products, different types of plastics and metals are listed in Table 3.2. It shows
that these materials are the most common recyclable materials found in the municipal waste
stream. However, the methods used for recovery are inefficient because they do not comply with
the basic principles of occupational health and safety. Significant environmental problems have
been observed, for example, during the recovery and reprocessing of automobile batteries at
home (ISWA & UNEP 2002).
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To promote recycling, the collection of the recyclables carried out by the formal and informal
sector is of utmost importance. The formal and informal sectors play a major part in the
recycling system of these countries. The complex recycling system of the formal (registered as
tax payers) and informal sector of Phitsanulok, a city of 120,000 inhabitants in Thailand’s
Central Plains, has been surveyed to assess its efficiency, especially concerning the relief of the
local landfill (Suchada P. et al., 2003). The joint recycling activities account for 38% of the
entire waste generation; therefore, the activities play an important role in the expansion of
landfill lifetime. The quantities of recyclables collected and sold by the formal and informal
sectors and other contributors amount to 19,200 tonnes/year. Sanitary landfill scavengers are of
minor importance reducing the wastes before dumping by around 0.6%. The recycling activities
comprise a comprehensive approach at a great level of detail. The main fractions by weight are
paper 36%, glass bottles 26%, and plastic container 9% and by value aluminum cans (3%
weight).
Formal Sector Resource Recovery
Some of the collection systems in practice are described in the following. Generally, the formal
sector practices are found in many middle and high income countries where the policies and
legislations dictate the systems to be used.
Volunteers and Non-Governmental Organisations
In some communities, there are certain volunteers or non-governmental organisations (NGOs)
who collect the recyclables from door to door. The collectors could be members of the
organisation in the locality who use the sale proceeds as funds for social activities in the
community. Environmental NGOs also organise the collection systems in the community and use
the proceeds to further implement other environmental activities.
Municipal Workers
The municipal crew under the local civic authorities is responsible for collecting solid waste
from containers throughout the locality. These workers generally sort the recyclables and sell
them to the dealers to earn extra income. These practices are not considered official unless the
civic body has formalised the activity of the municipal crew. In Bangkok, 50% of recycling
recovery is made by the municipal crews, while the rest is done by the informal sector, though
this has not yet been formalised by the Bangkok Metropolitan Administration (Luanratana and
Visvanathan, 2004). Similarly, many urban centres in Asia practice this system.
However, most developing countries do not have such a formal system except for the collection
system by the municipal workers, which also enables a high recovery of the recyclable materials.
Whatever recycling method is practiced in the developing countries of Asia, most of the resource
recovery that comes from the MSW or from the consumers is through the informal system.
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Informal Resource Recovery Practices
Most often in the developing countries, the formal system cited above is not practiced due to the
inadequate MSW managements systems, which lacks financial resources, institutional
arrangements, technical background, recycling laws and facilities, and socio-economic factors.
The most common form of resource recovery is in the informal sector by the itinerant waste
collectors and the scavenging community which is a group of people who makes a living by
collecting waste and garbage. In conjunction, municipal workers collect waste from the garbage
bins, transfer station and dumpsites. Where sanitary landfills are available, recovery of some
reusable items found in the waste before it is compacted and covered is allowed. This practice is
carried out at various stages of the waste stream, irrespective of health hazards. The rate of waste
recycling has increased dramatically in recent years in the Asia Pacific region from 10% in 1990
to 22% in 1998 (UN, 2000).
The local authorities, NGOs and other environmental organisations in the selected countries
being studied have initiated various projects to promote resource recovery and reuse in an
attempt to formalise recycling. However, most of them have begun with pilot activities to assess
and evaluate the response of the communities concerned. Some successful case studies are
presented in the following sections.
Recycling Facilities
At the recycling facility, the materials collected by the formal or informal sector are usually
weighed, sorted, cleaned if necessary, and prepared for market. The biodegradables taken to the
composting facility are usually shredded and mixed with a bulking agent, such as coconut dust.
Various composting methods are used including rotating drum, static piles, and turned windrows.
Most of the material recovery facilities (MRFs) in existence were started with external funding.
Revenues from the sale of products are usually used to pay the collectors and the people that
work at the MRF, and subsidies from the barangay or other source are generally needed to
supplement the revenue from sales. In addition, few of the MRFs currently in existence provide
services to the entire barangay, and many were started as pilot facilities.
Case Studies and Success Stories
Most Asian countries practice informal waste recovery and recycling systems in. In order to
maximise the recovery of the reusable materials from the increased waste generation, the
Chinese government made a series of policies and measures to encourage comprehensive
utilisations of the waste. The State's Tenth Five-Year Plan period (2001–2005) included
provisions for the country to make laws on recycling and utilisation of the resources, which has
brought about a considerable reduction in the amount of waste generated of about 80%. It is
undertaken through recycling of packaging materials and minimising waste generation in the
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whole society. Its long-term goals (after 2050) are aimed at carrying out comprehensive
management of the waste to foster sustainable development by the whole society (AIT, 2004).
In India, intensive waste recycling is undertaken by the informal sectors (itinerant collectors),
which recover the recyclables from the waste sources. Waste (rag) pickers and municipal
workers collect from the waste containers while the scavengers acquired waste from dumpsites
and sell them to the waste dealer, who operates a recycling unit. As most of the recovered
materials are metals, unsoiled paper, plastics, glass and cardboard, even homeowners themselves
collect and sell them. Prevalence of widespread informal practices of waste recovery is due to
resource scarcity, abundant labour and poor economic conditions. It indirectly contributes to the
recycling of MSW despite the disadvantage of scattering the waste around the containers and
exposure of workers to environmental health hazards by decaying waste and unhygienic
conditions (AIT, 2004).
Similarly, Sri Lanka practices the informal resource recovery system for certain type of materials
like glass, paper, high-density polyethylene (HDPE), low-density polyethylene (LDPE), plastics,
and metals. Some of the recycled items are plastic, glass, ferrous and non-ferrous materials, and
waste paper and cardboard. Box 3.1 highlights the recycling activities for these materials.
Box 3. 1: Recycling practices in Sri Lanka for common recyclables (AIT, 2004).
Plastic (high and low density polyethylene, polyethylene terephthalate - PET and
polypropylene - PP): This is collected, cleaned and palletised before being transported to
the recycling units. It is a growing cottage industry; however, there is a lack of necessary
coordination among the responsible organisations.
Glass: in the form of white and amber cullet, it is recycled by the Ceylon Glass Company,
which uses 40% of recycled glass in its manufacturing process.
Scrap ferrous and non-ferrous metals: are recycled locally and exported in bales after
sorting and cleaning. They fetch a good price.
Waste paper and cardboard: only recycled paper is processed at the Vallachchanai paper
factory of the National Paper Corporation while at the micro level, hand made paper is also
made. Newspapers are re-used mainly as a packaging material while a small quantity of
corrugated cardboard is exported after shredding and baling.
Thailand practices separate collections of biodegradable and non-biodegradable wastes in many
places. Around 40-60% of solid waste generated has been estimated to be recyclable or reusable
materials. However, the present rate of recycling is about 8% in Bangkok, though it had a target
of 20% by 2001 (Luanratana and Visvanathan, 2004). Source separation activities and collection
of recyclables are carried out by the BMA collection crews or tricycle waste collectors called
Salengs. Primarily paper (57%), glass (19%) and plastic (15%) are recycled, though there are no
existing regulations concerning waste utilisation (AIT, 2004). Recently, the government has
made strategies for recycling of solid waste in its Eighth National Economic and Social
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Development Plan. In such strategic plans, it includes reducing pollution of the environment by
applying clean technology in the manufacturing processes and appropriate waste treatment
technology. One vivid example of success story of recycling by a private sector in Thailand is
illustrated in Box 3.2.
Box 3. 2: Success story of recycling in the private sector, Thailand.
Wongpanit Company Ltd established in 1974 in Phitsanulok province is one of the biggest
waste recycling traders in Thailand with 8 branches in the country and 18 purchasing units
in the city. The company’s trade and service centre was set up three years ago as a mobile
service unit for educational institutions, government agencies as well as other
communities. The enterprise buys more than 100 types of waste from industries,
institutions, commercial centres and the general public. This waste is recycled or sold
locally and exported abroad. For example, oil and water bottles are exported to China for
making fibre-cloth while used polyvinylchloride (PVC) water pipes are exported to
Burma.
In 1998 the company bought waste worth more than 100 million Baht (EUR 3 million) and
a year later this had doubled. In addition, the company holds training courses for those
who are interested in learning about waste management, including waste separation and
recycling. The company also assists in various waste reduction campaigns throughout the
country. It provides professional services for systematic SWM, distributes printed
materials, promotes waste separation and reclamation, and intensely campaigns for
recycling awareness.

(Further information on the Company can be obtained under
http://www.wongpanit.com/ehome.php )
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In the manufacturing sector, recycling can be practiced by the industry itself, which buys back
unserviceable hardware or discards of its products and recycles them. The case study of
Hewlett Packard’s recycling unit in Singapore is presented in Box 3.3.
Box 3. 3: Case study of hardware recycling in Singapore.
HP hardware products in the Asia Pacific region are recycled using a state-of-the-art facility in
Singapore. It optimises material recovery and achieves recycling rates higher than 90%.A
thermal processing system helps to soften the PC circuit boards materials after shredding, and
separates the volatile organic pollutants (VOP). Less than 5% of product mass is lost at this
stage. The VOPs are then incinerated in a high temperature process with stepwise air treatment,
cyclone separation, filtering and multi-stage scrubbers. Online monitoring and alarm units are
used for the air and water treatment systems. The remaining materials are subjected to further
recycling, that includes extraction of precious metals for additional refining. The recovered
materials are used to make a range of new products including floor tiles, road surface
treatments, paving, bricks and jewellery.
Source:
http://www.hp.com/hpinfo/globalcitizenship/gcreport/products/recycling/case_asiapacific.html
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3.3 Comparison of the European and Asian Situation
Public interest in recycling has increased dramatically over the last few years. This interest
has been driven by a variety of factors, including concerns about increasing waste generation
and dwindling landfill capacity, air pollution from incineration, and a general appreciation of
the need for environmental protection. In response, a wide array of policies, regulations and
programmes have been implemented. Governments are also increasingly encouraging
industries to adopt environmental management systems, which address waste generation
through source reduction, reuse and recycling.
Starting from the Waste Framework Directive (1975), waste management in Europe has
slowly developed into a sustainable way of seeing the waste also as a resource. This can be
documented by the various directives, from the Packing Waste Directive and End-of-Life
Vehicles Directive, to the Incineration Directive and the Landfill Directive. In addition to the
Sustainable Development Strategy and Thematic Strategy on Prevention and Recycling of
Waste, the Sixth Environmental Action Programme identified improved resource efficiency
and management as one of the key objectives.
Developed nations conceived the idea of ‘waste reduction at source’ (Ali A., 2005). This
helped them to reduce the pressure on natural resources along with reduction of the
management costs of the wastes being produced. On the other hand, it was the developing
world that initiated and developed the idea of ‘waste sorting at source’. For decades,
housewives and domestic servants were eminent members of this sorting mechanism in the
developing countries. The waste was sorted at household level and then sold to third parties.
This was and is being done mainly due to economic incentives unlike the west where the
driving force is generally a higher level of awareness.
Waste recycling is already practised very successfully in many countries. There are numerous
examples of successful waste recycling schemes, especially in Europe and Japan. It is obvious
that waste recycling is only successful when disposal costs are relatively low and legislation is
adequate. It should be kept in mind that in practising waste avoidance and recovery, there is
not only the benefit of gaining materials which substitute virgin or raw materials, but in
addition the waste disposal at high costs and long term liabilities regarding environmental
impacts is reduced by the amount of material recovered. Costs saved for disposal can
subsidise recycling cost.
3.3.1

Political Framework

Each country has adopted a unique set of policies for promoting recycling. Their differences
are due to many factors, including different geography and weather, demographics, legal
systems, the extent of policy development at the national, regional or local level,
manufacturing capacity, the demand for individual recyclable materials, the existing waste
management infrastructure and public attitudes. For example:
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•

In Germany, recycling has been driven by public support for sustainable development
and by concerns about diminishing landfill capacity. In response, the German
government was among the first to institute a comprehensive national framework to
promote recycling. This framework includes high national recycling targets for
municipal waste, policies on used packaging, a deposit system for beverage containers,
and requirements for the commercial sector to source-separate recyclables (Barlaz
M.A. and Loughlin D. H., 2005).

•

The US has taken a very different approach towards promoting recycling. While
German policies are highly centralised, the US federal government has largely
delegated the states to handle municipal waste management. Thus, specific recycling
policies have been adopted at the state and local levels, largely in response to pressure
from environmentally conscious citizens and, in some areas, a desire to extend local
landfill capacity.

•

Belgium, Finland, Luxembourg, the Netherlands, Spain and Italy have adopted
regulations in the mould of Germany’s, but with less stringent recycling targets and
many differences in implementation.

•

Japan has relied on incineration as its predominant means of waste disposal; nearly
70% of MSW is incinerated. In the 1990s, concerns arose about emissions from
incineration. In response, the Japanese government adopted a comprehensive policy
framework to increase recycling. Many of the policies came into place after 2000.
Their effects are just beginning to appear in the recycling statistics available.

•

Hong Kong adopted the Waste Framework Plan, a ten-year plan that aggressively
promotes waste reduction, reuse and recycling. The goal is to reduce the annual
quantity of waste landfilled by 58% from 1998 levels. This plan specifies a 20%
reduction target in waste generation combined with increased recycling activities.

•

In Singapore, the overall recycling rate in 2000 was 40%, while the recycling rate for
the municipal portion (such as domestic and commercial waste) was only 17%. These
data suggest very high industrial and institutional recycling rates. To recover a greater
fraction of municipal waste, the government has set recycling targets for various
components of municipal waste. The targets for 2012, however, provide little
immediate incentive for progress (Barlaz M. A. and Loughlin D. H., 2005).

•

Waste reduction and recovery are not new concepts to the Philippines. The recycling
movement was started in the Philippines in the 1970s, and has been actively promoted
since that time, largely by non-government organisations. Despite these efforts, waste
management continues to be a problem. The Ecological Solid Waste Management Act
of 2000 (RA 9003), provides institutional, technical, financial, and penal mechanisms
to deal with the problem. A major focus of RA 9003 is the implementation of
community-based solid waste management projects, which include segregated
collection of recyclables and biodegradables, and the establishment of recycling centres
and composting facilities. The Ecological Solid Waste Management Act of 2000 (RA
9003) was signed into law in January 2001. This landmark legislation espouses the
reuse, recovery and recycling of municipal solid wastes to reduce the amount of solid
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waste disposed on the land, sets guidelines for disposal facilities, and defines and
expands the role and responsibilities of local government units (LGUs) down to the
barangay level .
Whilst in industrialised countries reasonable means are spent on refuse recycling and
reclamation, this is practiced to a very efficient degree in the developing world.
Contributions of the Formal and Informal Sector
The formal sector is important for both European as well as Asian countries. It consist of
enterprises, which enjoy official recognition, protection, and support because they are
registered or have been given a license by the local government or municipality. The informal
sector is important in Asia too. It is the sector that operates in unregistered, unregulated or
casual activities, including individual and family enterprises. In the informal sector approach,
urban waste is viewed as an economic resource, which reveals multiple results like reduction
of waste, saving in public expenditures for waste management, and employment generation.
While there is little scope for recycling as part of a national waste disposal plan, so far, the
informal and formal sectors are very capable and fill the gaps of the municipalities’ solid
waste management program. In a solely demand-supply system, it is assumed that they obtain
a high efficiency and effectiveness without the support of the often low-performing official
and legitimate solid waste management system.
The role of the municipalities in developing countries can enhance recycling activities and
stipulate the introduction of similar, indigenous systems. Especially where recycling is not
satisfactorily performed, and where local administrations have no legal power to force people
to participate in recycling activities, incentives for waste recycling and waste minimisation
(taking into account the specific boundaries of developing countries) must be elaborated. The
informal sector plays a major role in the recycling activities of municipalities in developing
countries; consequently, the municipality should support them in both technical and financial
aspects, and at the same time retain the responsibility for enforcing environmental standards
and supervising the sectors.
Non-government organisations (NGOs) have been active in implementing waste reduction
and recovery activities in Asian communities for about two decades. In some communities,
NGOs have worked with local government officials to establish a segregated collection
system, generally including the collection of recyclables and compostables. The materials are
typically collected by people from the community.
Given the differences from one country to another, it is not possible to specify a blanket set of
policies that are best for all. Instead what is best for any particular country, region or locality
depends on what is practical, affordable, as well as politically and socially acceptable.
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3.4

Summary and Future Prospects

Recycling is an activity being extensively undertaken in the developing world. In Asian
countries, the recycling rate of MSW has been steadily increasing over the years (Asian
Institute of Technology, 2004). The concept of using all waste produced from a certain area
for activities within the same area is also known as ‘Zero Waste’.
Waste recycling and resource recovery is the effective way to reduce the need for landfill
areas and to save natural resources. Furthermore, it should be the first step in a sound waste
management strategy, as recommended by Agenda 21. Consequently, the formal and informal
sectors’ participation should be involved in the MSW system, especially in recycling
activities. The formal and informal sectors could provide advantages in the terms of cost,
control, and reliability. However, these sectors should only be response for the execution of
some of the tasks, with the municipality retaining the final responsibilities of ensuring and
controlling performance.
The past and the present have witnessed linear industrial systems which could be described as
“take-make-waste” system. It is a process that destroys the natural cycle of living system as it
causes resource depletion and waste accumulation in the biosphere. In order to reverse the
phenomena and restore the balance in nature, reduction of waste through the three R’s:
Reduce, Reuse and Recycle, is necessary. To implement the purpose of the three R’s,
redesigning of manufacturing processes should be undertaken. Waste recycling will help
reduce the use of raw materials and gain the maximum value of the waste materials (WBCSD,
2004). This can be achieved by:
•
•

careful recycling of synthetic materials by making wastes materials as valuable as raw
materials in industry; and
returning the uncontaminated organic materials to their natural cycle.

Therefore, recycling (including composting) plays a vital role in the sustainability of MSW
management practices. This would help divert waste from landfills and convert trash into
cash. The global scenario for diversion of non-hazardous waste from landfill is given in Table
4. The Asian scenario has been improving. The ultimate objective would be to maintain and
maximise a sustainable solid waste management system. It should also be coupled with an
integrated approach for product design and by doing so, the harmful effect on the environment
can be minimised.
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Table 3. 2: Non-hazardous waste diverted from landfill (%) between 2001-2003.
Region

2001

2002

2003

Americas

78.5

77.7

83.7

Europe/Middle East

80.3

65.7

72.9

Asia Pacific

67.2

63.5

74.4

Global

77.1

73

80

Source: Global Citizenship Report (2004).
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BIOLOGICAL
TREATMENT
4.1 Treatment Options
Biological treatment of organic waste comprises two types: aerobic composting and anaerobic
digestion, depending on the type of microorganism that converts the organic mass. Worldwide,
composting is more frequently applied than digestion. Both processes replicate the natural
degradation of biodegradable materials.
The situation regarding biological treatment is significantly different between Europe and Asia
in that each has different goals over substrates, technologies and product application. The terms
used for describing the biological treatment options are not always consistent between European
and Asian professionals either. The terms which are used in Europe are explained in the
following to avoid confusion:
•

Composting refers to biological degradation processes which take place with the
consumption of oxygen. Composting is considered as a predominantly aerobic process, but
does not exclude certain anaerobic processes. However, the latter should not dominate.
Commonly-used synonyms for composting include aerobic degradation or rotting. The
term fermentation or aerobic digestion should be avoided to prevent misunderstanding.

•

In contrast, digestion refers to biological processes which take place under an oxygen-free
atmosphere, and is therefore anaerobic. If too much oxygen penetrates the system, the
digestion process can be disrupted or fail. Synonyms for digestion include anaerobic
fermentation, anaerobic digestion, anaerobic degradation or biogas generation. Synonyms
such as anaerobic composting or fermentation should be avoided.
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Composting and anaerobic digestion serve to stabilise, hygienise and reduce the mass of organic
waste. Furthermore, organic compounds and nutrients can be recycled to land. Anaerobic
digestion also aims to produce energy. Composting and digestion are not opponents; depending
on the situation and the kind of waste material, one or the other may have priority. Aerobic and
anaerobic steps may also be combined in one treatment facility.
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4.2 Principles of Composting
Composting is the biological degradation of complex organic compounds. A variety of different
microorganisms (bacteria, fungi and protozoa) metabolise the degradable organic substances in
the presence of oxygen, and utilizes it for their cell synthesis. For effective growth, aerobic
microorganisms require nutrients, sufficient oxygen content, suitable moisture content and a
porous substrate structure. During composting, the microbial organic mass can reduce by
approximately 50 % whereas their specific degradation rates depend on the substrate and the
process. The products of composting are water, carbon dioxide, and decomposed material
(compost), as well as heat. The heat can increase the substrate temperature to up to 75°C. This
property of self-heating is used for the hygienisation of the substrate since the high temperatures
kill or inactivate pathogens (UNEP, 2004; Krogmann and Körner, 2000).
4.2.1

Substrates

For composting, biodegradable materials with different origins may be used. Sources from
communities include wastes from kitchens, yards, gardens, parks, trade and light industry, and
biological sludge from wastewater treatment plants. Sludges are less suitable for composting due
to their high water content and poor structure, but could be used if mixed with structure-rich
substances. Biodegradable materials from rural areas consist mainly of agricultural wastes.
The specific origin and composition of the waste delivered to a composting facility may vary
greatly from region to region. For instance, in Germany, more than half of the composting
facilities process organic substrates that are source-separated at the household level. In some
countries, compost is produced from mixed municipal solid waste (MSW). This practice is under
review or already forbidden due to the hazardous potential of the compost. However, composting
of MSW as a pre-treatment prior to landfilling is a separate method, and is described in Chapter
6. The use of sewage sludge from municipal waste water treatment facilities for compost
production is also under review, since pollutants may be concentrated in the sludge: they would
also have a negative impact on the compost quality.
4.2.2

Composting Systems

The principal set up of a composting facility is shown in Figure 4.1. The applied composting
system may vary strongly with respect to pre- and post treatment techniques, rotting systems,
regulation measures as well as emissions treatment. Pre-treatment includes measures such as
sieving and sorting to remove impurities. This leads to the generation of residues such as
plastics, glass and metals. Shredding may be carried out in the case of bulky substances to reduce
particle size. Mixing can be applied to unify different waste streams or to add structural material
if the pore volume of the waste is too low. Post-treatment measures focus on the removal of
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impurities, non degraded, structure-rich organics and the size fractionation of the compost. The
most commonly applied post-treatment technological step is sieving.
Rotting systems may be divided into open or enclosed systems, and differ with respect to their
size (e.g. small: below 6,000 Mg/annum; large: more than 40,000 Mg/annum). Rotting systems
can be further distinguished into windrow, container, tunnel, hall, box, tower and drum
composting systems, depending on the shape of the reactor or the pile-up of waste. During the
rotting process, emissions such as highly polluted percolate water, condensed water and odorous
exhaust gas may be generated. In some facilities, these emissions are not treated due to
economical reasons or because no legislative demands exists. In principal, process water should
be treated in waste water treatment plants while odorous exhaust gas by biofilters, allowing these
emissions to be partly recycled within the rotting process.
During rotting, environmental conditions are regulated to obtain adequate biodegradation over
the whole process period. The most commonly applied measures include turning, aeration and
moistening. However, the applied procedures still have the potential for improvement in many
facilities.

WASTE

Delivery,
Storage

Pretreatment

Residues

Additives

Air

Residues

Mixing

Rotting

Posttreatment

Processwater

Exhaust
Air

Treatment

Treatment

COMPOST

Figure 4. 1: Principal set-up of a composting facility (modified after Krogmann and
Körner, 2000).
4.2.3 Compost Application
The main application areas for composts are for plant growth and soil improvement. Compost
users include those in agriculture, soil and plant production, reclamation, forestry and hobby
gardening. The quality demands in the respective application areas are different. In principle,
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compost application results in value-added properties such as humus, fertilization, phytosaniteric
and buffer effects, as well as effects on soil porosity and water storage properties. However, if
the compost is produced in an unsuitable way or is wrongly applied, harmful effect may result
(e.g. over fertilization, toxic effects on plants, nutrient leaching, spreading of diseases). Measure
for quality assurance are therefore of high significance.
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4.3 Principles of Anaerobic Digestion
Anaerobic digestion is the stepwise enzymatic degradation of organic substances under oxygen–
starved conditions. Not only do anaerobic bacteria need a high moisture level, but parameters
such as temperature, pH and N-content need to be well adjusted too. Details as to the suitable
ranges can be found in Rilling (2000). The main products are an energy-rich biogas and a
digestion residue with an high water content. Up to 80% of the easily degradable organic content
of the waste can be transformed into biogas, which mainly consists of CO2 and CH4. The gas
yield and composition is dependant on process conditions and the substrate (Table 4.1). It can
vary between 0.1-0.4 m³/ kg dry substance, and between 50-60 Vol. % CH4 in the biogas. The
CO2 content of the biogas is between 40-50% (Rilling, 2000). The principal options for the
anaerobic digestion of waste are shown in Figure 4.2.
4.3.1

Substrates

Organic substrates with high water contents, low structure and low lignin content are suitable for
anaerobic digestion. Common substrates include those derived from agricultural wastes such as
manure and sewage sludge. Separated organic wastes from households and commercial facilities
are also used. In some cases, mixed municipal solid waste (MSW) can be a source for digestion.
MSW-digestion as a pre-treatment method prior to landfilling is described in more detail in
Chapter 6. Typical substrates and their properties in terms of dry substance and organic
substance content, degradation rates and biogas yields are given in Table 4.1.
Table 4. 1: Biogas production rates for different organic wastes (VDMA 24435 08/1997).

Dry
substance
[%]

Organic
dry
substance
TS
[%]

Degradation
rate of
organics
[%]

Biogas-yield from
degradated organic
substance
[Nm³/kg oTS]

Biowaste

25 – 35

65 – 78

50 – 60

1 – 1.2

Market waste

9 – 11

75 – 89

50 – 60

0.98 – 1.02

Liquid manure

3 - 12

65 - 85

20 – 50

0.9 – 1.11

Green waste

16 - 24

78 - 88

40 – 55

0.86

Domestic waste

45 – 55

40 – 60

40 – 60

0.9 – 0.98

9 - 25

79 - 93

50 – 70

1.1 – 1.3

Substrate

Catering waste
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4.3.2

Anaerobic Digestion Systems

Small anaerobic digestion plants commonly use only one specific substrate type; this is known as
mono-fermentation, and is typical for agricultural wastes. (Kranert and Hillebrecht, 2000). Other
production facilities co-digest substrates like manure together with organic household or
commercial wastes, such as food wastes and organic wastes from production processes. Codigestion can be found in facilities with both low and high throughput capacities. Regarding the
throughput capacity, plant sizes can vary between 10,000 and 1,500,000 Mg/annum.
Anaerobic digestion systems can be classified into wet and dry fermentation depending on the
water content, which is adjusted in the fermenter. In Germany, about 80% of all digestion plants
run as wet fermentation (Kranert and Hillebrecht, 2000). Anaerobic digestion systems can be
further classified into the different systems according to the number of process stages (one-/two/multi-stage) and the process temperature (mesophilic: 35-37 °C, thermophilic: 50-55 °C).
Approximately 90% of all full-scale anaerobic digestion plants for municipal solid waste and
source separated organic household waste in Europe rely on one-stage mesophilic systems. Onestage systems are also commonly applied to agricultural wastes and sewage sludge due to the
more simple process technology. Thermophilic processes may be more effective regarding the
biogas yields and the degradation rates, and allow a hygienisation of the substrate; however,
more energy for heating is required.

4.3.3

Digestion Residues

Post anaerobic degradation, a digestion residue remains which consist of water, inorganics and
undegraded organic compounds. The digestion residues can be used directly in agriculture as
fertiliser. However, a liquid-solid separation process often follows. The solid fraction is
composted, and is comparable to a compost from aerobic degradation.
The digestion residues can only be used in agriculture if the quality regarding heavy metal
content is suitable. This is not usually the case for digestion residues resulting from MSWdigestion. These residues should be landfilled (see Chapter 6). For secure application, hygienic
requirements must also be fulfilled. Any waste which could potentially contain pathogens, such
as food waste, has to undergo an hygienisation process such as that which occurs during
thermophilic digestion. In the case of mesophilic processes, a thermophilic process step could be
carried out as pre- or post-treatment.
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Sewage
sludges

Agricultural
waste

Commercial
waste

Source separated
Organic household
waste

Municipal
Solid Waste*

Pre-treatment
Mono- Fermentation

Co-Fermentation

Biogas

Digestion
Wet fermentation

DS < 10 %

Dry Fermentation

One-stage process

Mesophilic

DS > 25%

Two-stage process

Thermophilic

Digestion Residue

From waste with contaminations*

From contaminant-free organic residues

Post-treatment
Disposal*

Process water
Application

Figure 4. 2: Options for the anaerobic digestion of waste.
(* MSW-digestion - see Chapter 6))
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4.4 Biological Treatment in Asia
4.4.1 Present Practice
The process of reuse and recycling of waste is deemed of utmost importance to combat
environmental damage and to realize sustainable development. For millennia, Asian farmers
have made and used compost from green plants and farm wastes as fertilizers. At present, this is
still widely practiced by subsistence farmers. Anaerobic digestion is used primarily for biogas
technology in rural areas of Nepal, India and China, with the help of government sponsorship.
The technology uses human and animal faeces as the main feedstock with an addition of some
agricultural wastes and yard wastes. Localized digestion units are also used for organic kitchen
rubbish. Since anaerobic digestion is still very rarely used in Asia, the following sections will
focus on composting.
Asian municipal solid wastes contain a large fraction of biodegradable substances in the form of
food and yard wastes, but are rarely used for composting. In order to divert the urban
biodegradable materials away from landfills, and reroute most of it back to the soil from where it
originated, biological treatment is an option (Hanseen, 1996). Returning these organic resources
to the natural cycle would prevent further degradation of the agriculturally productive land by
erosion, leaching of mineral nutrients and extraction by plants.
To determine the composting potential in Asia, it is necessary to examine the sources of waste
and the composition of waste in terms of the percentage of available composting materials.
Furthermore, composting practices presently used have become an important link for expanding
the activities with regards to the potentials of composting.
4.4.2

Sources and Composition of Waste

Asian countries primarily hold an agrarian based economy. As a result of economic growth,
waste generation factors are considerably influenced by the types of industries and other waste
generating sectors (Table 4.2). One can observe that in almost all of the waste sources, except
construction and demolition wastes, there is a biodegradable content.
A survey of waste composition in a few selected countries in Asia indicates a high percentage of
biodegradable waste in the municipal waste stream. The generation of waste, as well as the
organic or biodegradable fraction, differs from country to country. Generally speaking, in most
Asian countries, organic wastes can constitute above 50% all wastes, as represented in Table 4.3.
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Table 4. 2: Sources and fractions of solid wastes in Asia (World Bank, 1999), and their
suitability for composting (the suitable fractions are highlighted bold).
Examples of
Generators

Source

Waste Fractions

Residential

Single and multifamily
units

Industrial

Manufacturing units,
power and chemical
plants
Stores, hotels,
restaurants, markets and
malls
Schools, hospitals,
prisons,
government offices
New construction sites,
road repair, renovation
demolition sites
Street cleaning, parks,
beaches, and other
recreational areas,
treatment plants
Heavy / light extraction
and process units,
refineries
Crops, farms, orchards,
vineyards, dairies,
feedlots

Commercial
&
Institutional
Construction
and demolition
sites
Municipal
services
Processing
Agriculture

Food wastes, paper, cardboard, plastics, textiles,
leather, yard wastes, wood, glass, metals, ashes,
special wastes (e.g., bulky items, consumer
electronics, white goods, batteries, oil, tires), and
household hazardous wastes
Housekeeping, packaging and food wastes, ashes,
construction and demolition debris, hazardous
wastes, special wastes
Paper, cardboard, plastics, wood, food wastes,
glass, metals, special wastes, hazardous wastes
Wood, steel, concrete, dirt, stones etc.
Street sweepings, landscape and tree trimmings,
organic wastes from parks, beaches, other
recreational areas, sludge, other wastes from
parks, beaches, other recreational areas
Organic process wastes, other process wastes;
scrap materials, off-specification products, slag,
mineral tailings, unused raw materials
Spoiled food wastes, crop and animal wastes,
hazardous wastes (e.g., pesticides)

Table 4. 3: Biodegradable Fractions consisting of food waste of MSW in Selected Asian
countries.
Location
Urban centres of India
Manila, Philippines
Metro cities, China
Thailand
Sri Lanka
Nepal
Bangladesh
Mongolia
Cities in Viet Nam
Karachi, Pakistan

Biodegradable Waste*
(%)
74.7
53.7
48.37
58.15
63.6
80
84.4
11.84
31.5-50.58
39

Reference
Savage et al, 1998
Savage et al, 1998
AIT, 2004
AIT, 2004
AIT, 2004
UNEP, 2001a
UNEP, 2001a
UNEP, 2002
UNEP, 2001b
Zurbrugg, 2002
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4.4.3

Composting Technology

Due to the presence of high organic compounds in the waste stream of most Asian developing
countries, there is a considerable interest in composting of MSW and a long history of
composting practices. However, only small and medium scale composting practices have been
successful so far, while large-scale centralized systems have met only little success. Examples
of composting operations are listed below:
•

•

The present trend in composting is the direct promotion of composting by foreign
agencies together with the municipal authority. A successful operation is the windrow
composting facility in Phitsanulok province in Thailand. Many private companies have
revived composting in a public-private partnership. M/s Excel industries, Karnataka
Compost Development Corporation and M/s Terra Pharma are examples, which promote
composting in medium and large scales operation (AIT, 2004).
NGOs are also keenly interested in developing this sector of MSW management and
resource utilization.

Household composting (Figure 3a) has proven to be more successful in many municipalities.
These plants are located in different areas. Examples are given in Table 4.4, which indicate
domination of home and backyard composting.
Many Asian countries use the traditional open-air windrow composting process (Figure 4.3b) For
instance, Sri Lanka uses windrow composting to process about 5% of the collected MSW in
various backyard and central composting systems (UN, 2000). The wastes are commonly
delivered directly by collection vehicles to peri-urban farms for composting. The farmer then
deposits the waste compost in windrows or pits. However, it is difficult for the authorities to
monitor the farmers' practices. In addition, these practices have already been abated due to the
contamination of compost with plastic.
Table 4. 4: Asian composting projects based on the use of MSW (AIT, 2004).
Local Authority
Colombo and Dehiwala - Mt.
Lavania MC
Mortuwa MC and Kolonnawa UC,
Ja-ela UC, Wattala UC,
Maharagama PS, Mahara PS
Kesbewa PS
Matale MC, Ratnapura MC,
Balangoda UC, Dambulla PS

System

Composting Feedstock

Compost bins

Kitchen/green waste

Compost barrels

Kitchen/green waste

Centralized plant

Market waste, dung and coir fiber

Centralized plant

Market waste

Note: MC- Municipal council; PS- Pradeshiya Sabha (Local Council); UC- Urban Council

97

(a)
(b)
Figure 4. 3: (a) Home composting bin (b) Windrow composting in Sri Lanka.
Landfill mining is another method of obtaining compost, which is practiced in Deonar Mumbai
by the informal sector. The decomposed waste fractions are excavated by scavengers from the
landfill or from open dumpsites. The scavengers dry and screen the decomposed organics, and
the fine material is mixed with cow dung and other components before selling it to local farmers
as fertilizers or soil conditioner (AIT, 2004). In other places such as China and Myanmar,
farmers go directly to garbage dumps to obtain organic material, while in Ho Chi Minh City and
Medan, they allow mining of organic material from dump sites in exchange for fees (UNEP,
2004). However, toxic substances could be present in the waste stream of un-segregated waste,
which could lead to contamination of the compost and eventually the soil.
Many large cities in the developing region import large-scale mechanical composting plants
from industrialized countries. However, due to their high operating and maintenance costs and
lack of spare parts, most plants have to be either closed down or are underutilized. Other
problems faced are that the compost produced from this process is more expensive than
commercial fertilizers. The quality of the compost is also poor due to the contaminations and
inadequate operation and maintenance facilities. Even free distribution of such compost is
rejected by local farmers due to its poor quality and the danger of contamination.
4.4.4

Requirements for Composting

The primary requirement for a successful composting practice is basic training and education of
workers in technical, and health and safety issues, in both the formal and informal sectors. The
factors that determine the use of composting are the technology used along with the creation of
the market for compost. Most often, the major hurdles in the developing countries are the lack of
public education, cultural inhibition (e.g. in case of co-composting with municipal sewage), and
higher cost of compost as compared to commercial fertilizer/soil conditioners.
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There are several guidelines for developing countries and countries in transition, NGOs and
community-based organizations involved in waste management for successful MSW composting
practices that can be summarised (UNEP, 2004):
1. The waste stream should be mainly composed of biodegradable organic matter, meaning
that impurity content should be low.
2. Mechanical pre-processing of mixed solid waste should be avoided as it may not work
well in most cases. Instead manual pre-processing will work well for small and medium
scale facilities.
3. Composting activities must be supported by the overall MSW management system.
4. There has to be market presence for the sale application of compost.
5. The composting techniques must be appropriate for the input stream.
Several countries like India have already stipulated guidelines for waste collection where the wet
and dry wastes are separated. The wet fraction is composed mostly of biodegradable materials
such as kitchen waste and left-over food. This is an example of how the impurity content of the
composting material could be lowered (Point 1 above). Similarly, China, which began its
composting program on a large scale in the 1990s, sees almost 10% of the MSW which is
collected utilized for composting (AIT, 2004). This is an example related to Point 3 above, for
the integration of composting in the overall MSW- Management system.
4.4.5

Failures of Composting Systems

There are several reasons for the failure of many composting systems. Failures occur basically
because of economic and technical reasons. For instance, of the 10 mechanical composting
centres which are spread all over India, only one in Delhi is operating. The most common failure
is the lack of understanding of the role played by composting in the overall MSW management
system. The failures are further explained in detail in the following:
Economic failure:
•

•

This is caused by the inability to secure waste or sell the produced compost. In most parts
of Asia, composting is traditionally practiced. The cost of acquiring MSW does not
impede composting, which takes place both informally and as an organized activity.
Where dumping is common and environmental protection measures not taken,
composting is costly. However, if priority were given to composting to reduce landfill
volumes as in Europe, it would be relatively inexpensive.
Marketing is based on the demand for soil enhancers with perceptions of its value, its
quality and its availability to potential users in the immediate vicinity. Market failure
occurs when alternatives to compost are available to farmers and cultivators in the region
at a lower or even equal cost.
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Technical failure:
•

•

•

This is caused by either a failure of the mechanical systems in the waste streams before
composting, a failure of the decomposition process caused by the absence of factors for
composting that enables steady biological processor or an over design and lack of waste
stream management.
Mechanical pre-processing systems employed for the separation of biodegradable
components from the other heterogeneous waste compounds raise technical concerns.
Manual separation proves to be the ideal solution for pre-processing in Asia, and
consistently produces the best compost.
If the composting process itself does not function properly, the system fails. Since the
whole composting process depends upon bacteria, fungus, protozoa and insects, these
living organisms require specific environmental conditions to thrive, which must be
present continuously. A common reason for failures is the lack of understanding of these
requirements and how they should be adjusted.

Table 4. 5: Permissible limits of heavy metal concentration in biocomposts for cultivation
in Germany (BioAbfVO, 1998).
Note: possible application amount in 3 years: 20 Mg/0.01 km² -class I; 30 Mg/0.01 km²-class II
Heavy metal
Lead
Cadmium
Chromium
Copper
Nickel
Mercury
Zinc

Class I
(mg/kg dry substance)

Class II
(mg/kg dry substance)

150
1.5
100
100
50
1
400

100
1.0
70
70
35
0.7
300

Composting operations may fail if the compost does not fulfil the demands of the customer. A
high degree of manual pre-processing helps to decrease the presence of contaminants - primarily
heavy metals - in compost. Heavy metals do not only affect the composting process by acting as
a deterrent to bacterial activity, but also affect crop growth and environmental health. The
permissibility limits of heavy metal concentration in compost are given for Germany as target
values.
4.4.6

Case Studies of Successful Composting Systems

Despite several constraints and failures, there are cases of successful composting operations in
many countries in Asia. Some examples are given below. These cases highlight the present trend
towards sustainability in resource recovery from organic waste in Asia. The waste is utilized
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instead of being dumped into landfills, and therefore the volume of MSW for disposal is reduced.
The following three representative examples cover the wide range of different options available
to carry out composting operations.
A decentralized composting operation on a small scale is illustrated for Bangladesh in Box 4.1.
The example in Box 4.2 covers large scale composting of municipal and agro-industrial organic
wastes carried out by a private company in India. Vermicomposting is another method currently
being carried out to degrade biowastes - including paper - at landfill sites of Chennai, India and
Bangkok, Thailand. One case of vermicomposting in Barommatrilokanat, Thailand is given in Box
4.3.
Box 4. 1: Decentralized composting in Dhaka, Bangladesh.
This case study highlights the experiences of Waste Concern. This research-based NGO implemented a
community-based decentralized composting project in Dhaka, Bangladesh. The NGO began its
composting activities in 1995 with the aim of developing a low-cost technique for composting of
municipal solid waste suitable for the city’s waste stream, taking into account the climate and also the
specific socio-economic conditions in the region. It also aimed to develop public-private partnership in
the MSW management and to create job opportunities for the urban poor. Waste Concern also has its own
nursery and a demonstration plot where some of the compost is used.
Dhaka City has a population of 6.5 million and generates about 3,000-3,500 Mg of waste per day, of
which more than 50% is biodegradable materials. The organic waste is converted into compost using the
labour-intensive Indonesian Windrow Technique. For this project, 1.7 Mg per day of MSW from 790
households was treated at the plant during the first half of 2001. The facility reached its full capacity of 3
Mg per day by the end of 2001, serving 1,430 households. The composting process was carried out over a
period of 53 days during which the waste underwent a thermophilic phase (27 days, 40-70 °C) and a
mesophilic phase (26 days, 20-40 °C). In the first phase, the compost piles are turned manually several
times to regulate the temperature and ensure an equal decomposition level throughout the pile, as well as
the destruction of pathogens and weed seeds. The compost changes to a dark-brown colour at the end of
the second phase. This mature compost is then manually screened and packed in 50 kg bags. The NGO
used both types of marketing and distribution strategies, which consisted of direct marketing to end users,
and marketing through a retailer or bulk supplier. The marketing through a retailer was carried out
through MAP Agro Industries, a fertilizer company in Dhaka. The company grinds the compost and
enriches it with additional nutrients to obtain a tailor-made organic fertilizer for vegetables and other
crops (e.g. tea, paddy, wheat, potato, onion, lemon etc.).
Financial analysis of the project revealed that revenue from compost sales covered 91% of the operation
costs and 76% of the total annual costs of the plant. The annual profits amounted to US $3,745. The
analysis did not include the land acquisition cost as it was freely given to Waste Concern by the
government. This case of Waste Concern in Dhaka is one example of a viable small scale and
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decentralized composting plant, which is estimated to save the municipality US $18,518/annum for
transportation and landfill services (ISWA 2002).
Based on its success in Dhaka, Waste Concern designed another composting plant at the city of Khulna.
The cost of the construction was borne by the city authority, and is run by a local NGO in Khulna.
Similarly, Waste Concern has been invited to initiate a composting project at Chittagong city.

Box 4. 2: Commercial large scale composting in India.
The company M/s Excel Industries Ltd produce a compost which is sold as a "bio-organics soil
enricher". Their centralized composting plants were set up recently at Kolkata, Bangalore, and a few
other places in India. Capacities range from 35 – 500 Mg/day. Most of these plants run on a "buildown-operate" basis or as joint ventures with local or state agencies. These plants have been
successful in marketing their compost and have been able to sustain their production. M/s Excel
Industries is now planning to set up a few more municipal and industrial (vegetable processing
industries) composting plants in the near future. It has a nationwide distribution and sales network
for its agro-chemicals, which confers a distinct advantage in marketing Celrich compost, as it can
reach farmers easily. According to M/s Excel Industries, farmers buy about 95% of Celrich for
growing sugarcane, grapes and bananas, and have cut down on their chemical fertilizer consumption
by more than 25%. According to the company’s own estimates, a 500 Mg/day plant will require a
capital investment of Rs. 60 million (or about US $1.7 million), exclusive of the land cost. This
amount includes a 5% turnkey fee and commission charges, and approximately 8 – 10% towards
working capital. Normally, about 35% of the money is spent on developing the site and
infrastructure. The overall production cost is estimated to be in the range of Rs. 1200 - 1400 (US
$25–30) per Mg of compost. Typically, a 500 Mg/day plant employs about 50 skilled staff and 20
unskilled workers. The direct operating costs are estimated as Rs. 500 - 600 (US $10.4–12.5) per Mg
of compost. The interest and depreciation on capital investment are estimated to be about Rs, 400600 (US $8–12). Depending upon transportation distance and other local overheads, the selling price
varies between Rs. 1,600 - 2,000 (US $33.5–42) per Mg of compost (AIT, 2004).

Box 4. 3: Case study of vermicomposting in Thailand.
Twenty one communities who form the residents of Barommatrilokanat, make compost
using tiger worms to reduce the volume of household waste. Making the compost begins
with the separation of household waste into three categories: organic matter, recyclables
and general rubbish. Organic waste is collected in plastic bins and brought to the
community composting centres where it is dumped in circular cement and brick enclosures
used to house the worms. It takes three to four months to turn a batch of waste into
compost. This compost is rich in humus that helps improve the structure and quality of the
soil. It makes clay soil more porous and fertile, and helps it better retain water. This
compost, which costs about THB 5/kg, has become a source of extra income to the 21
communities in Barommatrilokanat (AIT, 2004).
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Source-segregation of organic waste from other waste compounds is very important to produce a
good quality compost. For instance, in Sharjah, United Arabic Emirates, a municipality-run
composting plant produces compost from mixed MSW, which lead to some marketing
constraints. The Ministry of Environment in Israel reported that the country converts 20,000 Mg
of organic compounds into compost each year. However, laboratory analysis of the composts
indicated high levels of contaminants which primarily originated from nickel-cadmium batteries
contained in the waste (UNEP, 2004).
In peri-urban and rural Asia, and many cities like Hong Kong, Bangkok, Manila, Cebu, and most
cities and towns of China and Vietnam, a large portion of the household organic wastes are
collected by farmers to feed domestic animals (cattle, pigs, poultry, goats etc). In many small
rural towns in Nepal, India and in some small Chinese cities, pigs are released from their sties
and allowed to feed on rubbish dumps to help reduce the volumes of organic wastes.
Environmental education and awareness of source segregation for the purpose of composting is
already underway in places like China and Thailand. The first steps have been initiated by local
authorities, governmental and non-governmental or community based organizations.
Furthermore, private firms are actively operating in some middle and high income economies
that are able to market the compost locally or to other countries.
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4.5 Comparison of the European and Asian Situation
In Europe, the political awareness regarding environmental issues has greatly increased over the
last few decades, but in different sub-sectors in each country. This has led to the formulation of
laws and regulations which have influenced the creation of biological waste treatment facilities.
For instance, some EU-laws restrict disposal practices which encourage biological treatment
(1999/31/EG; 2003/33/EG). Aside from EU-laws, different national regulations exist such as
those demanding the compliance of the waste hierarchy (1st priority: avoidance, 2nd: recycling,
3rd: disposal). Since the European nations have partly different specific strategies, this has lead to
an inhomogeneous but rising trend in the application of biological waste treatment across Europe
(Figure 4. 4).

Figure 4. 4: Source separation of organic MSW fractions in Europe for use in composting
and digestion (Barth, 2005).

If biological treatment is chosen by an European community, it is also due to an economic
influence. Compared to modern incinerators or sanitary landfills, biological treatment is often
more economical to run. The treatment cost can range from approximately €30-130/Mg waste;
however, the economics are dependant on the region and the available alternatives. Composts
and digestates can only be sold for low prices (€0-40/Mg compost, Barth, 2005) which far from
cover the production costs. Biological waste treatment is commonly financed over the “polluter
pays” principle, so that many schemes where the local community is charged (most commonly as
waste fees), are applied. Further options that may be applied include the sale of collection bags
and charges through taxes. Measures to enhance positive behaviour (e.g. to intensify source
segregation; to apply home composting) include fee reductions or tax returns (Allen, 2002).
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In many Asian regions, waste disposal areas are becoming rarer due to the increasing population
and the increasing standards of living. The pollution of rivers and cities is urging measures to
improve the environment. The protest of the population against environmental pollution is also
increasing, leading to a rise in political awareness in many Asian countries. Currently, measures
to introduce biological treatment options are often carried out on a project basis, and supported
by personal activities of decision-makers or NGOs.
Only in certain situations has the compost price been reported to be higher than the production
costs. Under these circumstances, economic reasons can lead to the introduction of biological
treatment. However, this is only possible in exceptional cases. With the supply of composts and
digestates on the increase, this will probably not be possible in the future.
The Availability of Suitable Substrates
The main origins for organic waste are households, commerce, landscaping and agriculture.
They are the same in Europe and Asia, but the detailed waste composition and the amount is
dependant on local conditions. Food and drink habits, climate, and degree of industrialisation
have an influence. If waste is purely organic, it should be suitable for biological waste treatment;
however, it often contains impurities or contaminants which would have a negative impact on
compost or digestate quality. In many European countries, the types of waste suitable for
biological treatment are exactly defined by law (e.g. Germany: BioAbfVO, 1998), whereas no
such activities are currently known in Asia.
The organic content in MSW may range from 12-85 % in different Asian regions. In Europe, an
average of 30-40% of MSW consists of food and garden waste, and another 20-30% of paper and
cardboard (EEA, 1999). Comparing waste composition data is difficult, since the applied
methodologies are often not known. However, the tendency in Asia is for the organic content of
MSW to be higher than in Europe, but is expected to equalize in the future due to the strong
Asian economic development.
To make the MSW-organics available for biological treatment, two main possibilities exist:
separation from other waste in households at the source, or collection of mixed waste for later
separation from non-organics before or after composting. Most European countries use source
separation (Figure 4.4). Since in Asia biological treatment is mainly implemented on a project
basis, all forms of non-organic/organic separation can be found, but mixed collection with a later
separation is the most common. Source separation is tested in some projects; a special method is
the wet - dry separation at the source, where the wet fraction is mainly represented by organics.
Compared to the actual streams, only a minimal part of the putrescible fraction is biologically
treated in Asia. In Europe, it is estimated that 17 million Mg/annum of putrescibles are collected
after source-separation which makes up 35 % of the actual production (Barth, 2005). Certain
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organic fractions from households are additionally treated via home composting. In Europe, this
is partly through tradition and partly through support by communities and governments to avoid
transport and treatment costs. In Asia, home composting is applied too, but less seldom. Here,
household organics are often used as animal feed.
In the near future, it can be expected that the use of putrescibles for biological treatment will
increase drastically in Asia. However, using mixed MSW as a substrate should be avoided, since
the composts and digestates will be of low quality for agricultural application. The risk is high
that product marketing fails and facilities have to be closed again or re-designed. Since only a
few projects for the organic separation or wet-dry separation in households exist, a small fraction
of putrescibles from MSW organics will be available for biological treatment in the near future.
It will take some time to build area-wide collection systems on the basis of source-separation. In
Germany for example, the first projects were realized in the 80s. In the early 90s, approximately
5 % of the inhabitants were connected. The degree of connection increased to 60-75 % in 2000.
In certain Asian regions it may not be possible to install such systems for source separation of
organics in the households at all due to limitations regarding the consumption of pork meat by
the Islamic population. This applies especially to regions where Islamic and non-Islamic people
live close to each other (e.g. in Malaysia). The compost or digestate produced from porkcontaining organics could never be used on agricultural soils, if the product is to be sold to the
Islamic population.
Apart from the increasing number of projects for the separation of organics from MSW, a focus
should be made on the types of waste which are generated without impurities. For instance,
market or restaurant waste could be used to introduce biological treatment systems step by step.
An advantage for Asia is that such waste fractions could be available in certain regions in large
amounts due to the very high population density. Therefore enough substrates for starting
biological treatment operations could be available without the introduction of systems with
source-separation.
The Treatment Facilities
The operation of biological treatment facilities is state-of-the-art in many European countries. In
Asia, biological treatment is at the beginning of the road, but has huge potential. Numerous
planning tasks will be realized in the near future; to avoid failures and to speed up the process,
experiences from Europe can be used. It must be kept in mind that the frame of conditions in
Asia differs from those in Europe so that a 1:1 technology-transfer can often leads to failures.
Regarding the treatment capacities of the facilities, the demographic structure must be
considered. The average population density, and the migration of the population from rural areas
to the cities is much higher in Asia than in Europe. The only city in Europe with over 10 million
inhabitants is Paris. Tokyo is the largest Asian city with 27 Million inhabitants. Many Asian
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cities will have a population size of 10 million (e.g. Shanghai, Kolkata, Seoul, Peking, Delhi,
Osaka, Karachi), and are still growing fast. The high concentration of people in Asian megacities
leads to alternative planning approaches. Since much more waste is generated at one place, the
throughput capacities of the facilities would be much bigger on average. The two biggest
European plants using source separated bio and green waste are in the Netherlands, and process
approximately 250,000 Mg of organics per year. The next biggest facility is in Belgium with a
capacity of 60,000 Mg/annum, but capacities ranging from 5,000-20,000 Mg/annum are more
common. Very small plants also exist such as those in Austria, where facilities with capacities of
less than 500 Mg/annum are common (ECN, 2005). In contrast, some of the existing Asian
composting facilities have a capacity of 10,000-180,000 Mg/annum, such as those in India.
The location of a biological treatment facility is important. In decentralized systems, the waste
has to be transported only a short distance, whereas in centralized systems, the waste produced in
a large area is commonly collected and treated at the outskirt of the city. This depends on the
available space, the centralization of the population and the available infrastructure. In Europe,
both centralized and decentralized systems exist. In Asian megacites, decentralized treatment
facilities may have priority, since huge amount of waste accumulate, and efforts to transport it
through crowded streets may become difficult. Space availability inside a city must also be
considered. Composting facilities need to be further away from populated areas due to odour
emissions compared to digestion plants. In this respect, enclosed facilities have an advantage
compared to open facilities. The latter should be avoided within the city, with the exception of
home composting or very small facilities for green waste composting. Anaerobic systems are
airtight, and therefore more suitable for such locations.
Another consideration is the availability of a market for the products in the nearby surroundings.
In cities, garden and park areas could be used for application of composts and digestates,
whereas larger quantities will have to be transported to agricultural areas outside the cities. In
Asian cities of comparable size to European cities, the partly underdeveloped infrastructure
should be considered, which also favours decentralized systems. However, open and enclosed
composting systems could have priority due to easier technical and economical realization.
Decentralized plants in Asia may reach the same size as centralized plants in Europe.
Climate has to be especially considered when an open composting facility is planned. Rainfall
and prevalent temperatures may affect the biological processes significantly. In cases of frequent
heavy rain, covering or roofing composting piles is suggested, and in cases of strong heat,
frequent irrigation may be necessary.
Regarding the types of facilities in Europe, quantitatively many more composting facilities exist
at the moment than digestion facilities, and run successfully. Examples can be seen in Figure 4.5.
Although long term experience is available in Europe, an optimization potential still exists.
Technical problems often occur in European countries where biological treatment is still in the
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start-up phase. In Asia, only a few composting facilities are in operation. More frequently, the
small and medium sized facilities run more successfully compared to the larger facilities, where
many examples of operational failures exist. Because application examples for anaerobic
technologies are still very rare in Asia, digestion facilities are not considered in the following
sections.

a)

b)

c)

d)

e)

f)

Figure 4. 5: Examples of composting and digestion techniques and equipment used in
Europe.
a)

Windrow facility Boizenburg with a turning machine (Bachhus/ Germany)

b)

Aerated pile composting in a rotting hall with the compost turner “Wendelin“ in the composting facility Bützberg
(Bühler AG/ Switzerland)
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c)

Mixing and shredding equipment (Dücker/ Germany)

d)

Container composting facility in Kuhstorf with aeration and exhaust air collection system (Rethmann, Germany)

e)

Facility for digestion of manure (Möllenbeck/ Germany)

f)

Equipment for energy generation from biogas (Cohrs/ Germany)

Composting can be roughly distinguished into open windrow or pile systems which are
commonly lower tech options, and a variety of enclosed systems which have a high degree of
technology involved. In Europe, the open windrow systems are still the most popular (ECN,
2005). However, newly-built facilities are often enclosed. Tunnel systems are quite common, but
others such as containers, boxes and hall composting are applied as well. Overall, there is a
tendency to establish larger plants.
In Asia, windrow technologies seem to be the mostly applied option. Although there is a need for
larger dimensions, the small and medium scale facilities have been the more successful so far.
Large-scale technologies have not yet had as much success in terms of technical realization and
operation. Enclosed systems can are also be prone to technical failures due to higher
automisation. Nevertheless, in the growing economies of Asia, often highly technical systems are
prioritised, and complex composting facilities constructed. The more technology is involved, the
more sources for failures exist which could lead to the failure of a whole process. Up-scaling of
facilities also has its problems, especially regarding odours and dust control.
In contrast to Europe, there is a distinction between mechanical and manual systems in Asia.
This mainly refers to the type of pre- and post-processing of the organic waste, but partly also to
the operations implemented during composting. This distinction is not made in Europe since
manual working steps are avoided as far as possible due to the high labour costs. In some
facilities, only manual sorting of part of the impurities is used. In contrast, due to the availability
of cheap labour in Asia, manual steps are used for a variety of process steps, including separation
of recyclables and impurities, mixing, irrigation and regular turning of the waste.
Good process regulation can speed up the process, create higher compost qualities and reduce
emissions, but significantly increases the installation and operation costs. The techniques used
also have a high potential for failure. In Europe, systems with initial settings, manual or
automatic feed-back are used, although there is still an optimization potential to improve
biological treatment in this respect. In Asia, turning of the windrows is the most common
regulation step.
High legislative standards are set in Europe regarding emissions. The sensitivity of people
towards emissions is also high so that exhaust air as well as leachate are well treated. With
respect to emission treatment, no or only limited considerations have been endorsed so far in
Asia.
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In contrast to Europe, often “effective micro organisms” (EM) are added to the substrate or to the
exhaust air during the composting process in Asia. The intention is to speed up the process or to
reduce odours. The EMs are meant to contain especially active microorganisms. However, the
used mixtures are not defined, are often quite expensive, and scientific evidence for their
efficiency does not exist. Organic waste will already contain a large variety of microorganisms to
effectively carry out degradation, and technical measures can be applied for odour reduction. For
those reasons, EMs are not commonly used in Europe.
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4.6 Summary and Future Prospects
For biological treatment to be an integrated part of the waste management strategy of an Asian
country, it is necessary for legislative measures to be set in force, and technical and managerial
steps taken forward. This strategy would undoubtedly reduce the land-use requirement for
landfills, enhance resource recovery, as well as help restore the fertility of scarce agricultural
lands. It could not be expected for profits to be gained by selling compost or digestates in the
near future. However, in the long term, the biogas energy from digestion may significantly
contribute to covering the treatment costs, depending on the development of energy prices.
Furthermore, the indirect economic advantages of providing a cleaner environment, and the
saving in the use of individual fertilizers may become more attractive.
The application of biological treatment options could be developed step by step. One possibility
would be to set up successfully running demonstration projects to show the feasibility of the
method, and the advantages for a cleaner and healthier environment. The composting techniques
presently applied in other countries should also be brought to the forefront of MSW management
in economically developing Asia. Of course, different regional aspects have to be considered.
Biological treatment facilities in Asia most probably will have to be designed for much higher
throughput capacities than those in Europe. Furthermore, certain process steps may be better
carried out manually instead of mechanically. For instance, the separation of impurities and the
irrigation of the substrate during the process could easily be done manually. If active aeration is
to be used, it would be better to regulate the air flow manually to avoid the risk of technical
failures. Moistening should also preferably be carried out manually. However, since certain
manual working steps incur a high hygienic risk, the safety of workers must be ensured e.g. by
providing masks and gloves, as well as by giving health and safety instructions.
The problem of contaminating the soil with heavy metals and non-biodegradables present in the
compost cannot be ruled out if using mixed MSW for biological treatment. Only in certain cases
are segregated waste streams readily available, e.g. from agricultural wastes, market wastes or
restaurant wastes. In the near future, making compost from mixed waste will probably be
unavoidable due to the nature of the waste management systems that are practiced in Asia.
However, this scenario can be improved in the long term through environmental education and
creation of environmental awareness with the aim of source segregation. In each case, public
participation and understanding is necessary if biological waste treatment is to be successful.
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INCINERATION
5.1 Historical Development and Application Today
Incineration is seen as one of the key processing technologies for waste. Historically,
incineration was seen as a dirty and polluting industry (Muhd Noor, 1990). For this reason a lot
of public outcry and opposition surfaced in the USA and Europe in the 1980s. The technology
used for combusting MSW, the air pollution controls which were at the time had not fully
matured, and the lack of scientific fundamentals, meant that incineration was more of an art than
a science, especially regarding process reactions within the furnace (Vida, 1995). The full
understanding of the process and the corresponding pollution abatement practices were not in
place. As expected, the technology created many environmental problems, resulting in fierce
opposition by the public: this was the first and biggest challenge faced by the industry.
Due to the obvious and practical advantage of the technology, new developments and
realisations resurfaced in the late 1980s. By the early 1990s, new and more stringent legislation
emerged in Europe and the USA to safeguard the environment and public health. Driven both by
technology and legislation, extensive R&D flourished, leading to a greater understanding of the
process fundamentals. As a result, many incinerators today feature state-of-the-art technology
which can easily meet the most stringent emission standards; however, the industry faces an
economic challenge as costs increase by many folds as standards get higher. Sadly, history is
difficult to erase, and public opposition still persist, much of it based on perception rather than
on concrete evidence. Despite this, the incineration industry still survived the constraints, and in
certain countries it is expanding.
Table 5.6 contains the relative use of different waste management options for different
countries/regions. In terms of incineration, there is a wide level of usage – ranging from 77% in
Japan to only 7% in the UK. Historically, the UK has landfilled its waste, and there has always
been a reluctance to use incineration due to poor acceptance and public hostility (Griffiths and
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Williams, 2005). The high percentage in Japan reflects the lack of landfill disposal sites. In
Luxembourg, 44% of MSW is incinerated, whereas in France, Germany and Netherlands, the
figure is typically 20%-30%.
Table 5. 1: MSW management and disposal, 2001 (Griffiths and Williams, 2005 ).
Country/region

EU-25
EU-15
UK
France
Germany
Netherlands
Luxembourg
US
Japan

Landfilled
(%)

Incinerated
(%)

54
49
80
43
25
8
21
56
7

16
18
7
32
22
33
44
15
77

Recycled,
composted
or other
treatment
(%)
20
33
12
25
53
59
35
29
15

EU-25, i.e. including the 10 eastern European countries that joined in 2004
EU-15, i.e. European Union of 15 member states before 2004

Today, incineration is a proven technology which can achieve low emissions. There are longterm experiences for instance in Germany, Scandinavia, France, Austria and Japan. However,
this technology must always be adapted to the specific situation of the country where it is to be
introduced. One-to-one technology transfer is not possible, and test trials prior to the planning of
an incinerator need to be undertaken. Incineration requires a high degree of energy consumption
- an area with room for much improvement.
In several countries, incineration is not accepted by a high proportion of the population (e.g.
U.K., USA, Australia). The reason originates mostly from emissions of highly toxic organic and
inorganic compounds. Although air emission standards may be very strict, it is often difficult to
convince people of this fact.
In large metropolitan areas in Asia, incineration might be the only way of significantly reducing
the amount of the MSW and its emission potential. To date, application examples are rare. This
is especially true for densely populated areas. Some examples are given below.
•

In China, there are about 36 incineration plants treating about 2% of the MSW. Some of the
existing operational incineration plants are fitted with domestic equipment, which results in
poor combustion, inconvenience in operation with no standard units for flue gas purification.
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•

•
•

In India, incinerators for MSW are not used owing to the fact that MSW contains large
amounts of sand and silt from open drainage or improper drainage, unsealed roads, street
sweeping and ash from coal burning.
Thailand has two MSW incinerators which process less than 1% of the total generated waste.
In Sri Lanka, there are no longer any MSW incineration plants, although some locals burn
the waste in enclosures. Full-scale incineration remains a vague option for some local bodies.
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5.2 Technical Aspects
The calorific value of the residual MSW is in most cases high enough that incineration without
external fuel addition is possible (see Table 5.2). A separate collection of the food waste would
significantly increase the calorific value of the remaining MSW.

Table 5. 2: Influences of recycling measures on the heating value of municipal solid waste.

paper/cardboard (20)*
iron (4)*
glas
(10)*
plastics
(7)*
biowaste (40)*
mass reduction of municipal waste
(% WS)
influence on heating value (%)

Recycling rate (%)
waste paper and glass container collection green- and biowaste
collection
20
60
20
35
45
55
25
35
80
80
35
45
30
45
40
40
50
50
60
12,9
39,7
42,2
7,5
16,5
8
0,5

-5,6

1

0,6

4,9

17,4

* Weight proportion in municipal solid waste (WS-%. Calculated heating values: municipal waste including all
fractions: 8.500 kJ/kg, waste paper: 15.000 kJ/kg, plastics: 25.000 kJ/kg, biowaste: 4.500 kJ/kg

Incineration is the combustion of waste in an oxidizing environment. It is used throughout
industry, particularly for medical wastes, highly hazardous materials and for MSW or RDF. The
latter is a product consisting of high caloric fractions separated from MSW by sieving, sorting
etc., and amounts to about 15-30% of the MSW. It consists mainly of paper, cardboard and
plastics.
Incineration can reduce the volume of MSW by ± 90% and its weight by ±75%. Such reductions
immediately reduce the demand for landfill sites. In some countries, the bottom ashes are partly
reused as a construction material for roads, for example. During incineration, the waste is
converted into water vapour and gas (mainly carbon dioxide). As residues, bottom ashes and fly
ash from flue gas treatment are produced. The latter amounts to about ± 10% of the bottom ash
but is so toxic that landfilling in hazardous waste landfills or further high temperature thermal
treatment is necessary (see Fig. 5.1).
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Figure 5. 1: Disposal pathways of a waste incineration plant.

Incinerators can be classified by the way in which they transport waste through the combustion
zone. There are three types in common usage:
•
Moving grate (mainly for MSW)
•
Rotary kiln (mainly for hazardous waste)
•
Fluidised bed (mainly for homogeneous residues e.g. partly dried
sludges).
Most European MSW incinerators are the moving-grate type. The grate supports the bed of
waste, and allows air to be drawn from underneath to initiate gasification and combustion
processes. Air can also be used to cool the grate. A typical European style incineration plant for
MSW is presented in Fig. 5.2. It should be kept in mind that each incineration plant may have an
individual design.
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Figure 5. 2: Process scheme of a MSW incineration plant.
The most cost consuming part of an incinerator is the off-gas treatment. Due to the high emission
standards for the off-gases, great effort is necessary by many developed countries to reduce SO2,
HCl, HFl (e.g. by means of wet scrubbers), NOX as well as residual organics including dioxins
and furans. Often, the actual emissions are measured on-line and environmental agencies have
direct access to these values, making the process quite transparent.
Table 5. 3: EU limit values for flue gas emissions from waste incineration plants (EN
Directive 2000/76/EC).
Contaminant
Fly ash
Total carbon
HCl
HF
SO2
Nox
Hg
CO
Sum (Cd, TI)
Sum (Sb, As, Pb, Cr, Co,
Cu, Mn, Ni, V, Sn))
Sum (Dioxines, Furanes)

Limiting value
(mg/m3)
10
10
10
1
50
200 / 400
0.05
50
0.05

daily means

0.5
0.1 ng/m3

frequent
measurements
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Co-incineration at coal power plants or at cement works is an emerging technology applicable to
sewage sludge and RDF.
5.2.1

Challenges Faced

The challenges faced by the incineration or thermal treatment industry can be summarised as
follows:
•
Environmental impact and health risks (Sarofin, 1997)
•
Economics (Vida et al., 1995)
•
Public awareness and acceptance (Vehlow, 2000)
•
Technology
These challenges are even more crucial under Asian settings. The opposition to incineration has
been based on arguments that are of a technical and socio-economical nature. They involve
health risks associated with the emissions of toxic organic compounds and metals from the stack,
the disposal of inorganic residues containing readily mobilised toxic heavy metal compounds,
and the difficulty in monitoring facilities after the preliminary test burns have been conducted.
As a result, emissions from incinerators are more stringent than those for any other combustor.
Environmental Challenges
The first challenge faced by the incineration industry is to meet the very stringent emission
standards as compared to other combustion devices. This is evident from the development of
various control measures applied internationally to safeguard public health as well as the
environment. These standards are becoming more and more stringent. Table 5.4 shows typical
emission standards for MSW incinerators in different countries (Vehlov, 2000). Most
international standards now copy EC standard; however, Japan is planning to reduce the total
dioxin emissions by a further 90% of the existing emission standards (Sakai, 2000). Meeting
such standards means elaborate technologies must be employed at higher cost.
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Table 5. 4: Comparison of emission limits in mg/Nm3 (Dioxins in ng/(TE)/Nm3), daily
means of dry gases at 273 K, 101.3 kPa and standardised to the oxygen concentration.
Raw
EU
Germany
The
USA Japan Malaysia
Gas
2000/67/EC
Netherlands
O2 (%)
6-12
11
11
11
7
12
11
Dust
100010
10
5
24 15-50
15
5000
HCl
50010
10
10
25 15-50
100
2000
HF
5-10
1
1
1
SO2
150-400
50
50
40
30 10-30
100
NOx
100-500
200
200
70
150 30-125
300
CO
10-30
50
50
50
100
50
63
Hg
0.1-0.3
0.05
0.03
0.05 0.08
0.030.1
0.05
Cd
1-3
0.05
0.05
0.05 0.02
0.1
TOC
1-8
10
10
10
Dioxin
0.5-5
0.1
0.1
0.1 0.14- 0.1-0.5
0.1
0.21
There are currently no environmental emission standards for processes involving incineration in
many Asian countries. In Malaysia, the Department of Environment did adopted certain
standards in line with international standards, such as the USEPA or EC. A suggested standard is
shown in the middle column of Table 5.3 (MAB Environmental Consultants Bhd., 2000). In
actual fact, the standard should reflect the plant capacity, the environmental constraints or the
existing environmental load, and the prevailing climate / terrain. Thus, the standard chosen is
site-specific and depends on the size of the plant. Some countries adopt different criteria for
existing/old and new plants.
Two classes of compounds of which incinerators were considered to be major contributors are
mercury and dioxins (the term used normally to describe the chlorinated organic compounds i.e.
polychlorinated dibenzodioxins (PCDDs) and the polychlorinated dibenzofurans (PCDFs)). As
an example for the significance of mercury, its emission worldwide in 1990 was 6000
tonnes/year (Nriagu, cited by Sarofin, 1997), with 3500 tonnes/year originating from
anthropogenic sources, of which 1200 tonnes/year (about 30%) were attributed to incinerators.
Other sources include emissions from resource recovery plants. The main source of mercury
emission in MSW is from batteries. There has been a tremendous reduction in the use of mercury
in batteries worldwide. In the US, mercury use decreased from 1058 tonnes in 1980 to 117
tonnes in 1990 as a result of new substitutes. Since then, further significant reduction have been
made. This reduction at source has ultimately reduced the mercury emissions from MSW
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incinerators. There has been much progress in understanding the fate of mercury during
incineration. Modern incinerators which are equipped with elaborate flue gas treatment system,
including activated carbon injection, emit substantially lower mercury into the gas stream.
The single most important environmental issue related to incineration is that of dioxin emissions.
The more toxic form has been classified as a “known” or probable human carcinogen by the
International Agency for Cancer Research, USA (IARC) in February 1997 (Gullet, 1999;
(Sarofin, 1997). The contribution of incinerators to dioxin fluxes are also subject to uncertainty.
Czucuczuwa and Hites as cited by Sarofin (1997) concluded from the depth profiles of dioxins in
lake sediments that the dioxin emissions increased dramatically in the 1930s at about the same
time as the production of chlorinated organic compounds grew. This indicated a probable
association of dioxin emissions with anthropogenic activities related to chlorinated organics.
Various attempts have been made to determine the major fluxes of dioxins in the environment.
Although a lot of uncertainty remains, the contributions from incinerators are estimated to be one
of the most significant. Sakai (2000) showed that about 90% of the dioxins were emitted from
incinerators in 1998 in Japan. MSW incinerators, however, contributed to about 45.6%.
The mechanism for the formation of dioxins during combustion/incineration is rather complex
and beyond the scope of the book. The reader is referred to Sarofin (1997), Vehlow (2000),
Sakai (2000) among others, for reference. It is sufficient to mention that combusting chlorinecontaining materials may lead to dioxin formation. It is interesting that coal, which typically
contains chlorine at 1300 μg/g, produces dioxins exceeding the limit of 0.1 ng/Nm3, but its
emission is barely measurable. Compared to chlorine in refuse which is in the order of 2500
μg/g, the implication for dioxin emission is immense. The difference in the dioxin emission level
was explained due to the role of sulfur in the coal, which tends to inhibit dioxin formation
(Gullet, 2000). Moreover, the dioxin level is not directly proportional to the chlorine level in the
combusting material. According to the author, traces of chlorine are adequate to create dioxins at
detectable levels, provided the conditions are condusive to its formation.
The conditions that encourage dioxin formation are due to the existence of “products of
incomplete combustion” such as carbon and chlorine precursors HCl and chlorinated
hydrocarbon intermediates, catalytic surfaces like Cu chloride, oxidative atmospheres, suitable
temperatures etc. (Vehlow, 2000). These conditions are very much present in incineration
furnaces. It is also known that, even if there is little dioxin leaving the combustion chamber, a
favourable environment in the flue gas treatment process could allow doxins to reformed; this is
known as De Novo synthesis. For a global perspective, it is interesting to know that the chlorine
content in Oregon forest biomass is about 1600 μg/g, meaning that forest fires may also produce
dioxin emissions.
Despite the above arguments, White (1995) and Vehlow (2000) showed that in a typical modern
German incinerator burning MSW, the dioxin Toxic Equivalent (TE) level in the feed was much
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higher than in the incinerator product output (50 ng/ton MSW in the input produced a total of
less than 10.5 ng/ton in the output, consisting of ash, filter dust and flue gases), suggesting that
incinerators are an effective destroyer of dioxins. Thus it may be argued that incinerators do not
discharge net dioxin outputs into the environment. However, the situation for Malaysian MSW
has not been determined as there have been no studies carried out so far on this subject.
Controls for dioxins involve excellent furnace design and flue gas treatment systems (UK IPC,
1997). The most effective way to limit dioxin formation is by reducing unburned carbon species
in the raw gas, i.e. optimised burnout. Furthermore, the minimisation of dust release and the
prevention of large dust deposit in the boiler are also helpful. The retention time of the off-gases
during treatment in a temperature window between 250-350 °C should be minimised by fast
cooling of the gas. In old waste combustion plants, the raw gas concentration in terms of TE can
reach up to 10-100 ng/Nm3. A drastic reduction in this level is possible by implementing the
simple primary measures quoted above. A state-of-the-art combustion plant is capable of
generating less than 1 ng/Nm3; with flue gas treatment, this level can easily be reduced to the
international standard of 0.1 ng/Nm3. The system applied for dioxin removal in the flue gas
treatment system usually involves using activated carbon adsorption in a bag filter, carbon
injection or catalytic destruction (Vehlow, 2000).
Thorough recycling, including reducing the dioxin precursor materials in the waste,
homogenisation of the waste, high temperature combustion, adequate residence time, perfect
combustion and further treatment for dioxins can only be achieved at large-scale incinerators
(Tanaka, 2000). However, Thermal Oxidation Plant technologies claim that, based on rigorous
tests in the US, they are able to reduce the dioxin emissions below the legislation limits, despite
the size of pant and without pre-sorting of the waste (Chain Cycle, 2000). This claim is yet to be
verified with the construction of just such a plant in Labuan, Malaysia, very soon.
Economic Challenges
The cost of an incineration system is generally high because of the capital investment required to
set up a plant. The cost can vary depending on capacity, level of gas cleaning equipment
installed, whether energy recovery is installed to enable power sales etc. With the enforcement of
a unified regulation, many incinerators are now equipped with flue gas treatment, thus the cost
will increase. From a brief study of the capital cost, and after allowing for inflation, it appears
that Japanese technology is the most costly.
Landfill costs generally significantly lower. However, for some countries like the Netherlands,
Denmark and Austria, the incineration costs are often not too far off the costs for landfilling. The
difference in cost is basically due to government policy, availability and cost of land, legal
standing and landfill tax in the country. It should be noted that most countries do not include the
post closure cost into their landfill cost.
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Public Awareness and Acceptance
An awareness program on incineration technology should be disseminated to the public, along
the information on the health risks and environmental impacts. The meaning of acceptable risk
should be explained, as expressed in terms of probability. For example, the probability of a
person contracting cancer as one in a million can be an acceptable risk. In mathematical terms,
this is expressed as 1x 10 –6 risk factor. Thus, a factor below this should be acceptable. On the
other hand, there is no such thing as zero risk. Thus, rationally, it should be accepted that the risk
factor method applied to health risk analysis to incinerator emission impact is adequate to
address the relative risk of being exposed to incinerator emissions.
Secondly, the public should be aware of the environmental impact of constructing an incinerator.
It is not merely limited to complying with the prevailing legislation, but also understanding the
magnitude of the impact on the ambient air in the neighbourhood of the plant, as illustrated in
Table 5.5.
The second column of the table presents typical emission levels of modern incinerator plants.
The third column represents a typical ambient air concentration for the corresponding pollutants,
in this case Germany. The fourth column gives the maximum additional emission calculated by a
dispersion model from a 100,000 Nm3/hr stack with a height of 65 meters. A comparison of the
third and the last column gives the maximum changes in air quality caused by the plant. From
this table it can be seen that the stack emissions from a modern incinerator give rise to only
marginal increases in the lower percent level of the existing background concentrations. These
additional emissions do not cause any environmental risk, even for such critical components like
dioxins and mercury. Hence, a further reduction of the emission limit for the discussed
components, including further efforts to improve the efficiency of the flue gas treatment systems
cannot be justified by an improvement in the environmental impacts of waste incineration.
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Table 5. 5: Environmental relevance of the stack emission for some components.
Component
Stack
Ambient Air
Additional
MSW
3
(μg/Nm )
Emission
Emission
Impacted Air
3
3
(μg/Nm )
(μg/Nm )
(μg/Nm3)
HCl
5000
30
0.15
30.15
SO2
20000
20
0.6
20.6
Dust
1000
40
0.03
40.03
Cd
5
0.003
0.00015
0.00315
Hg
1
0.005
0.0003
0.0053
-6
-9
-9
Dioxin (TE)
50x10
100x10
1.5x10
101.5x10-9
During the 1980s, public concern over emissions from incinerators was high. This period saw the
growth both of the NIMBY (Not In My Back Yard) syndrome, and a genuine concern about the
environmental effects of airborne emissions from incinerators. The public at times failed to
differentiate between the issues relating hazardous waste incinerators to that of municipal waste
incinerators.
Also, typically at that time, electrostatic precipitators for dust collecting were the only abatement
techniques used in most European countries, giving rise to high levels of HCl, heavy metals and
dioxins in the stack gases released. New incinerators nowadays are equipped with elaborate
abatement systems, thus the concern over the emission is outdated (White, 1995).
Public concern later turned to the issue that incineration was incompatible with recycling
(ENDS, 1992). If incinerators attempt to maintain a certain throughput for profitability, this will
undermine schemes set-up to remove certain materials from the waste stream. Whilst this is true
for existing incinerators, it should be possible to match incinerator capacity to the waste
generated from an area, after a given level of materials recovery has occurred. White (1995)
showed that after recycling the glass and metals components, followed by composting, the
organics had a very positive effect on the calorific value of the residue. The application of wasteto-energy can fully complement materials recycling by utilising collected paper and plastics that
are in excess of recycling capacity.
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5.3 The Potential for Incineration in Asia
A general observation indicates that combustion may be feasible where landfill areas are scarce,
pose a threat to aquifers or are very remote from the actual solid waste generation centres. This is
valid for all countries and specifically to all Asian countries. Modern incineration and flue gas
cleaning technologies make incineration an environmentally acceptable form of waste treatment.
It is therefore possible to locate such plants even in densely populated areas. Despite high capital
investment, expensive operation and maintenance costs and the need for environmental pollution
measures caused by emissions, the advantages of incineration outweigh the disadvantages,
including:
• Waste volume reduction is highly efficient, with a reduction of the original volume by
90 – 95%;
• Offensive odour is eliminated;
• Hazardous and infectious materials are neutralised by combustion at high
temperatures;
• Energy recovery is possible.
The above claims are supported by those reported by White (1995):
• In terms of energy recovery, the best option is by having an integrated collection
system, recovery of the dry recyclables followed by incinerating the rest of the waste.
Landfill consumes net energy whereas mass burn incineration could liberate net
energy;
• In terms of volume reduction, recovery of recyclables followed by incineration is still
the best option, with mass burn incineration being preferred over direct landfilling;
• In terms of global warming effect, again recovery of recyclables followed by
incineration is still the best, followed by incineration, with the worst option being
direct land filling.
Box 5. 1: Potential for incineration in Malaysia
A challenge faced by Malaysia is the economic viability of power generation under the current
economic and socio-political environment. In developed countries, the technology achieves an
energy conversion efficiency of up to 70% as it combines heat and power (Muhd Noor, 1997).
Thus, there may be some economic justifications. The use of heat to generate chilled water in
Malaysia may be difficult as the incinerator might be situated away from the chilled water
customer (normally industries). Furthermore, there is no study on the economics of converting
heat from incinerators to a chilled water system in Malaysia. Under the assumed condition that
there will be no heat utilisation, the net energy conversion is limited to only 23% for power
conversion only. Another option would be the direct use of steam in industrial plants, which
means that both plants need to be located adjacent each other.
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Malaysia has yet to have any energy policy that gives credits to Non Fossil Fuel Obligation
(NFFO) to discourage the use of fossil fuel, besides the carbon tax issue. With the current trend
in privatisation of power, it is very doubtful that any “dirty” fuel like MSW for power generation
will be considered. It remains for the Government to adopt this strategy and generate power from
MSW, apart from eliminating the waste disposal problems.
Incineration plants are akin to those of power plants. Their operation requires the associated
skills, which Malaysian can handle. However, the operational costs are rather high, and if not
taken into consideration right from the beginning of the planning stage, they may end up in
failures - both technically and environmentally. It is imperative that the plant should be properly
managed by an efficient organisation, with proper allocation of budgets. The current practice
observed, at least in Labuan, shows the lack of proper budget allocation and other requirements
to correctly operate and manage an incineration system.
The result of waste analysis for Labaun Island showed that the waste calorific value ranges from
1800 kcal/kg to over 3000 kcal/kg. This is a very attractive option for incineration, as the high
calorific value waste will assist in reducing the operating cost of the plant, thus making this
option more competitive than direct landfilling. In addition, the reduction in the volume of the
waste may be up to 90%. The final ash is inert and suitable for landfilling or reuse in
construction works. Some energy may be recovered if found to be economical. However,
environmental impacts need to be addressed carefully. Thus, incineration alone cannot
completely solve the MSW problems of Labuan.
As for Kuala Lumpur, the calorific value of its MSW is lower than in Labuan, which ranges from
1300 to 1900 kcal/kg. This is due to the higher food content of the waste. This is not ideal for
mass burn incinerators as it leads to low quality burn out. However, gasification technologies
claim to be able to process wet waste with up to 60% moisture content with calorific values
above 1300 kcal/kg (Yachio Engineering, 2000; Hosoda, 2000). On the other hand, experiences
with gasification of MSW in Europe are not promising, so that this option should be validated
very carefully. It is often the safer option for countries with no or only little experience in
thermal waste treatment to use proven technologies (as e.g. incineration) first. If the calorific
value is too low, either separate collection of food waste or the upfront removal of the wet
organic waste could be options. The wet biowaste could be treated separately.
From an environmental point of view, the generation rate and the characteristics of Kuala
Lumpur’s MSW, constraints imposed by landfill options, ineffectiveness of recycling in the
short-term, limitations in composting technology, it can be said that incineration plants are
required at least for Labuan and Kuala Lumpur. However, for Kuala Lumpur, a better option
may be to apply partial biological treatment prior to incineration to enhance the calorific values
to up to 1500 kcal/kg, which is a more comfortable value for incineration processes. Thus, an
IWMS approach is certainly and urgently required to manage MSW in Kuala Lumpur. However,
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a detailed study, such as a Life Cycle Assessment, should be undertaken first to confirm the
above suggestions.
From the Solid Waste Master Plan conducted by Alam Flora (Yachio Engineering, 2000),
incineration combined with transfer stations followed by final landfill was shown to be the best
combination. This is with respect to cost effectiveness and practical solution available at hand for
managing solid waste in Kuala Lumpur up until the year 2025. This also supports the above
arguments. Judging from the current constraints of other alternatives, thermal treatment may be
reasonably competitive. However, the suitability of incineration technology to be applied to
other parts of Malaysia remains uncertain until a more rigorous study is made.
From this brief analysis, the following conclusions can be drawn:
• Waste generation rates in Kuala Lumpur and Labuan are very alarming, and need prompt
management solutions. The most practical at hand is incineration followed by landfill. Other
places with similar scenarios to Kuala Lumpur and Labuan may apply the same technology,
provided that a rigorous feasibility study is first undertaken.
•

Other options are possible, but do not offer a practical and immediate solution. Recycling
may take another 20 years to mature. Biological treatment methods are currently lacking
both the physical and economic infrastructure. However, if found feasible and practical, it
will improve the incineration process further by increasing the calorific value of the waste.
Direct landfill treatment is limited to land availability and environmental constraints. In the
long run, an Integrated Waste Management Approach, considering a combination of the
various technologies mentioned above, is the best mix for Malaysia.

•

Issues and challenges faced by incineration technology need to be carefully addressed. Costbenefit studies and a more realistic and professional approach should be applied in adopting
the technology. Economic data available at hand need to be updated and authenticated.
Environmental issues need to be carefully addressed and the public be made aware of the
genuine benefits and constraints faced by the Government at hand.
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5.4 Summary and Future Prospects
Many developing countries are at a crucial junction in tackling the ever-increasing waste
problem. A fresh look at their strategic options suggests that processes such as waste-to-energy
could play a more important role. This untapped energy source could also have a major impact
on power generation at a local level. It would resolve some of the potential future electricity
generation problems while conserving landfill space and helping to meet the requirements of the
EU landfill directive and other landfill legislation worldwide.
In the last few decades, waste as a renewable energy source encountered many transformations
in the treatment approaches and available conversion technologies. Its dynamics follow the deep
changes in waste quantities and qualitiues, requiring innovative and more efficient treatment
technologies with respect to the polluting gaseous emissions.
Incineration of untreated municipal waste is an important factor in waste management. Because
of the low public acceptance of waste incineration, mechanical-biological pre-treatment plays an
important role. The RDF separated from municipal waste can be used in several industrial
combustion processes like cement kilns or power plants. In this case, waste can be a substitute
for non-renewable fuels.
Incineration still tends to be an unfavourable solution due to the public’s perception of the
problems associated with discharges to the environment. In addition, the large air excess required
for the complete oxidation of the waste, especially MSW, is the main cause of the global energy
efficiency limitation due to the high outgoing hot gases flow ratio. The high treatment
temperatures and the large amounts of oxygen facilitate the transport of nitrogen toxic
components and the fly-ash (carrying the heavy metals), forcing the industry to adopt efficient
technologies and costly flue gases treatment facilities.
In developing countries, thermal treatment of solid waste is not a current technological solution;
although management systems are improving, they do not include incineration or other thermal
treatment forms yet. It is difficult to incinerate wastes due to their high moisture and low energy
content (generally the minimum calorific value required for a sustainable combustion ranges
between 5024-5861 kJ/kg for MSW). In addition, the technical infrastructure required to
maintain incineration facilities, including the pollution control equipment, is generally not
widely available in most developing countries. Other elements that are often lacking include
trained personnel, constant availability of technologically advanced testing and repair facilities,
and well-organised systems to ensure availability of spare parts (Asian Institute of Technology,
2004). After all, properly designed and operated incineration systems with high-efficiency air
pollution control equipment and appropriate ash disposal techniques can remain the most
effective and best available treatment technology, especially for the destruction of toxic and
infectious medical waste streams.
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With the projected increases in the amounts of MSW over the next few years, many countries are
facing real problems in implementing robust workable strategies for processing this waste
stream. Thermal treatment offers a significant opportunity to support government drives to
reduce waste going to landfill, in conjunction with recycling and composting. Many of these
plants also have net energy outputs, which could have a significant positive impact on power
generation since the mix and match of energy as well as security of supply are fundamental
issues in developing countreis.
There is no unique solution for resolving the waste problem. Cultural, waste composition,
infrastructure and management practices will dictate the particular waste processing route. The
only certainty will be that a combination of solutions in which thermal treatment is involved
(hence waste-to-energy), will play a crucial part.
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MECHANICALBIOLOGICAL WASTE
TREATMENT
6.1 Objectives
Investigations have shown that emissions emanate from landfills over long periods of time.
Landfill gas can be produced in significant amounts for more than 30 years, while leachate needs
to be treated for periods of 100 to 200 years in order to meet discharge standards (Heyer and
Stegmann, 1997). For these reason, the operation of closed landfills can be a major problem
since high costs are involved and environmental risks exist. For each tonne of landfilled waste,
certain fees are imposed to cover future aftercare costs. However, for old landfills, often no
money is available for this purpose.
In order to improve the long-term behaviour of landfills, the EU has set quality standards for
different kinds of waste to be landfilled in order to lower the emission potential. Three types of
landfill are described in the EU Landfill Directive (Anonymous 1999). These are landfills for:
1. Hazardous waste;
2. Non-hazardous waste (mainly MSW); and
3. Inert waste.
In the following, only the landfilling of MSW will be discussed. One of the main targets of the
EU Directive is the reduction of the biological degradability of the waste fractions over a period
of 15 years. The reduction figures are 25% (by 2006, which is 5 years after the implementation
of the EU Landfill Directive (deadline 7/2001)); by 50% (by 2009); and by 65% (by 2016).
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These reductions are based on the MSW composition in the year 1995. Countries which had
landfilled more than 80% of their MSW in 1995 may have up to 4 more years to fulfil these
targets (Anonymous, 1999).
The different member states are free to decide how to achieve these goals. Germany has set very
strict allocation criteria for the landfilling of MSW (see Table 6.1). In addition, off-gas emission
target values (see Table 6.2) from in-house treatment facilities (waste delivery, mechanical and
biological treatment) have also been set (30. BImSchV, Anonymous 2001b).
Table 6. 1: Selection of allocation criteria for the deposition of mechanically-biologically
treated waste (Anonymous, 2001).
Parameter

Allocation criteria and unit

respiration indexa (RI4)

≤ 5 mg O2/g dry mass
b

gas formation potential (GP21)
TOCeluatec
TOCsolid
gross calorific value
a:
b:
c:

≤ 20 N ml/g dry mass
≤ 250 mg/l
≤ 18 % by mass
≤ 6000 kJ/kg

Microbiological oxygen consumption in 4 days, related to the amount of substrate
Biogas formation of the waste sample in 21 days
TOC eluted by standard procedure (1:10 solid/liquid ratio and 24 hours shaking)

Table 6. 2: German target values for off-gases from mechanically-biologically treated
plants (Anonymous 2001).
Parameter
TOC
TOC
Dust
Odour
PCDD/F
N2O
a:
b:

Target value
20 / 40a mg/m³std
55 g/Mgb
10 / 30a mg/m³std
500 OU/m³
0.1 ng/m³std
100 g/Mgb

daily mean / 30 min mean
related to the waste input

Mechanical-biological treatment (MBT) is practised in many European countries, but the target
values are in most cases less strict than in Germany. In Spain, mechanically-biologically pretreated MSW is in some cases being used as a soil conditioner in agriculture. This is not an
option in Germany and other European countries since the quality of the biologically stabilised
MSW is usually inappropriate for land application. In general, MBT is a pre-treatment option for
the landfilling of MSW. Results from extensive laboratory scale investigations show that the gas
production as well as the nitrogen emission potential of the MSW can be reduced by up to 90%
(see Table 6.3).
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Besides waste processing prior to landfilling, MBT processes can be used to modify the waste
characteristics to create a material with optimum properties for thermal utilisation (Figure 6.1.b).
By means of aerobic processes without further water addition, the waste becomes biologically
stabilised, and shows a partly reduced organic content and significantly reduced water content
(bio-drying). Interfering substances, such as metals, glass, stones etc. are separated in an initial
mechanical treatment step as well as after the rotting process. The biologically stabilised material
can be further processed (e.g. by shredding into defined particle sizes) before application. Due to
its low water content, the material can be stored over long periods, allowing the fulfilment of
demands by industrial consumers, such as power plants, cement kilns or specific incinerators.
This process is also practised in the UK and Italy. A comparison of the two different basic MBT
concepts is shown in Figure 6.1.
Table 6. 3: Effects of MBT on landfill emissions (based on laboratory scale tests),
(Stegmann & Heyer 2001).
Emission
COD (mg/kg TS)
Total Nitrogen (mg/kg TS)
Gas production GP21 (1/kg TS)
TS:
GP21:

Raw waste
25 000-40 000
1 500-3 000
150-200

MBP-waste
1 000-3 000
150-300
0-20

Reduction
90%
90%
90%

Total Solids
Gas production in 21 days

a) MBT including material separation

b) Biostabilisation (biol. drying)

Residual Waste

Residual Waste

mechanical pretreatment

lowlow-calorific
fraction

RDFRDF-fraction

biological
biological
treatment
treatment

thermal recovery

mechanical posttreatment

recycling / Landfill
(bottom ashes)

mechanical pretreatment

biological
treatment

mechanical posttreatment

material recycling

thermal recovery

Landfill

Figure 6. 1: Comparison of basic MBT concepts.
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6.2 Technology
The pre-treatment of waste prior to landfilling usually includes both a mechanical step to remove
valuable fractions and prepare the waste for further treatment, and a biological step to degrade
the degradable organic fraction. The biological processes may include composting, anaerobic
digestion or anaerobic digestion followed by composting. Both the mechanical and the biological
pre-treatment steps release odorous components into the air, so that MBT plants will most often
require off-gas treatment.

6.2.1

Mechanical Pre-treatment

Mechanical pre-treatment usually involves shredding, size screening, magnetic iron removal and
some kind of manual sorting. Mechanical pre-treatment allows the removal of valuable waste
fractions, primarily RDF and magnetic iron, prior to landfilling. The separation of a highcalorific light fraction to be used as RDF can be achieved by sieving the waste using screen sizes
between 40 and 100 mm. In many cases, rotating drum screens are used. As an example, the
grain size distribution of unshredded MSW shown in Figure 6.2 suggests that with a mesh size of
80mm, over 90% of the biodegradable fraction will separate into the screen underflow and nearly
70% of the materials with a high calorific value (like paper and plastics) will separate into the
screen overflow. The RDF fraction may account for about 15-20% of the MSW input.

Figure 6. 2: Grain size distribution of MSW (Leikam & Stegmann 1996).
A magnet is used to remove iron. Potentially, aluminium may also be removed mechanically by
means of an eddy current separator. Mechanical pre-treatment may also be used to remove
contaminants in the waste. This is most often a manual operation, performed by manual sorting
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or manually-operated picking equipment. Shredding may be involved, depending on the waste
heterogeneity and the chosen subsequent biological process.
6.2.2

Biological Pre-Treatment

The technological approaches to biological pre-treatment are illustrated in Figure 6.3. In
Germany, the volatile solid content of waste (also expressed as the organic matter content) to be
landfilled after MBT typically amounts to 20-40% w/w. The figure depends on the waste
composition and the mechanical separation procedure. However, the MBT waste to be landfilled
must meet a set of criteria, as shown in Table 6.1. These include limiting values for total carbon
content, biological activity, and eluate quality. A 96-hour respiration rate of less than 5mg O2/g
dry matter is usually the most demanding quality criterion which needs to be met.
Composting
In the composting process, the organic waste components are degraded under the release of heat
to carbon dioxide, water and biomass. High odour concentrations are emitted during the initial
intensive degradation phase. During the first few weeks of composting, volatile components,
including hazardous chemicals like BTEX (e.g. benzene, toluene and xylene) may also be
emitted at low concentrations into the gas phase. The intensive phase of the composting process
(approximately 3-4 weeks) must be practised within an enclosed system housing forced aeration
and off-gas treatment. The curing phase (about 6-8 weeks) must be operated in-house or under a
roof depending on the degree of maturation reached. In total, a composting period of about 16
weeks or longer is necessary. Details about the biological pre-treatment technology can be found
elsewhere, e.g. under reference Fricke et al., (2001).
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in house

post-composting

3 – 4 weeks

post-composting

Figure 6. 3: MBT concepts for MSW: aerobic and anaerobic treatment including off-gas
emission control. RTO-Regenerative Thermal Oxidation.

Anaerobic Digestion
After an intensive mechanical pre-treatment (removal of RDF, metals, sand etc.) including
shredding and in many cases water addition, anaerobic biological treatment may follow. During
anaerobic pre-treatment, the organic waste residues are converted into biogas and a digestion
residue. Anaerobic pre-treatment has several advantages compared to aerobic treatment, such as
energy savings from avoiding the need for forced aeration during the composting process, net
gain of energy from biogas production, and less odorous off-gas. As a result, the removal of
odours and other compounds to meet the German off-gas criteria shown in Table 6.1, is less
costly.
Anaerobic digestion should always be combined with a post-composting step, since not all
organic substances (e.g. lignin-containing components) can be degraded under anaerobic
conditions to the degree required to meet the German regulations. In addition, the digested waste
is in a reduced state and should be converted into the oxidised form. The anaerobic treatment
step often takes about 3-4 weeks followed by a post-composting step lasting about 6-8 weeks.
6.2.3

Off-Gas Treatment

In order to reduce external odour problems, German laws require that the unloading and MBT of
the waste be practised indoors. As a consequence, all buildings have to be ventilated and the off138

gases captured and treated. According to the German off-gas emission standards (Anonymous,
2001b), the treated off-gas from the whole plant has to meet the target values presented in Table
6.2. Off-gas from the unloading and mechanical pre-treatment area in general can be treated by
biofilters, which may be combined with an acid wet scrubber for NH3-removal. The off-gas from
composting, especially from the intensive first degradation phase, must usually be treated
thermally, for example by regenerative thermal oxidation (RTO) for the removal of the organic
compounds, and in some cases also by acid scrubbing for the reduction of NH3 (see also
Doedens, 2001). The off-gas treatment contributes significantly to the costs of the entire MBT
plant. According to the authorities, the strict German off-gas target values are justified by the
fact that off-gas criteria for MBT plants should be as strict as for incineration plants, since both
treatment processes are seen as pre-treatment steps before landfilling.
6.2.4

Case Study: MBT Plant Neumünster, Germany

A typical MBT plant can be found near the city of Neumünster in Germany (Figure 6.4). It was
designed for an annual MSW capacity of 200,000 tonnes.
After mechanical treatment for the separation of hazardous and interfering substances and then
shredding, the waste is separated into two streams: a coarse fraction (particle sizes > 80mm) and
a fine fraction (< 80mm). The coarse fraction is used for direct energy recovery due to its high
calorific value, whereas the latter is treated biologically. Metals are separated by means of
magnetic separators. The material is filled into closed composting boxes which are connected to
an aeration and exhaust collection system. After a composting period of 2 to 3 weeks, the
material is biologically dried for 1 week by means of intensive aeration. The exhaust air is
treated thermally in order to keep within the limit values dictated by the German regulations.
After the initial composting step, the material is sorted once again into a high calorific value
fraction (particle size 40 to 80mm) and two fine fractions (15 to 40mm and < 15mm). The fines
are washed and the resulting sludge is returned to the composting process for inoculation and
water adjustment. The mineral fraction (mainly consisting of sand) together with the heavy
fraction (glass, stones, ceramic) is landfilled.
The overall balance shows that approximately 50% w/w of the input is converted into RDF, and
20% is associated with the loss of organics and water during the intensive composting stage. The
amount of separated hazardous and interfering substances averages about 5%, whereas metals
account for 3%. The RDF is used as a fuel that is exclusively fed into a fluidized bed incinerator
in which the RDF is burnt at a temperature of 850°C. This incinerator is located adjacent to a
coal power plant, and substitutes one of two ovens for electricity production using coal. About
80,000 tonnes of coal per year are substituted by the produced RDF.
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Entrance area
Landfill

Composting
plant

MBT plant

Figure 6. 4: Overview of the Waste Management Center Neumünster including a
composting plant, MBT plant and a landfill (modified after Bruhn-Lobin, 2006).
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6.3 MECHANICAL-BIOLOGICAL TREATMENT IN ASIA
6.3.1

Landfill Management

The accelerated urbanisation, economic development and the increasing population growth in the
Asian region has resulted in obvious impacts on society’s “detritus,” or solid waste. Nowadays,
the urban areas of Asia produce approximately 0.8 million tonnes of MSW per day. In 2025, this
figure will increase to 1.8 million tonnes of waste per day (World Bank, 1999). Currently the
open dump approach remains the predominant waste disposal option in developing countries,
creating considerable nuisance and environmental problems. In South and South East Asia, more
than 90% of the landfills are operated as open dumps. With the accelerated generation of waste,
the problem has become one of the primary urban environmental issues (UNEP, 2004). The state
of dumping is, sadly, too familiar: indiscriminate dumpimg, unplanned heaps of uncovered
wastes, burning litter, pools of standing polluted water, insects and rodent infestations, and
scavengers picking up any valuables from waste (Pugh 1999) (see also Chapter 7).
As already mentioned, waste management is an essential task which has important consequences
for public health and well being, quality and sustainability of the urban environment, and the
efficiency and productivity of the urban economy. In most Asian cities, waste management is
inadequate: a significant portion of the population does not have access to a waste collection
service and only a fraction of the generated waste is actually collected. Systems for transfer and
disposal of solid waste are unsatisfactory from environmental, economic and financial points of
view (Schubeler et al., 1996). Financial burdens, political unwillingness and lack of technical
knowledge worsen the situation.
Most Asian countries face similar problems, e.g. in Thailand and India, 70% to 90% of landfills
are just open dump sites. However, landfilling is considered to be the most effective method of
solid waste disposal if adequate sites are available. The closure or upgrading of existing sites is
one of the most important steps towards a sustainable solid waste management system. The
requirements for future landfilling are also increasing with the urban population growth.
Figure 6.5 presents a prediction for the land requirements of Bangkok Metropolitan
Administration for the next 20 years. Proper technology must be chosen to reduce the volume of
solid waste ending up at disposal sites. When solid waste management reaches a critical point,
there is often a tendency to implement a Western approach to overcome the existing problems.
These approaches are generally applied uncritically, and rapidly result in malfunctioning and
inefficient management of waste treatment and disposal facilities (Bodelius and Rydberg, 2000).
Cultural and climatic differences need to be considered, specific approaches pursued and
strategies concerning landfill design and operation investigated if a transition from dumpsites to
engineered sanitary landfills are to be successfully managed in the region. Therefore, the design
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of an appropriate landfill technology demands a comprehensive approach, followed by an
optimised design and the adaptation of cost-effective, locally available technologies
(Visvanathan et al, 2002). Suitable and feasible landfill operations are most sought after,
especially those that minimise the post closure aftercare period. MBT treatment of waste is an
option to be considered to reduce the amount and potential of emissions.

Landfill Area (Square Km)

2,5

Assumed: Compaction density 600kg/m3
Average Landfill height 4m

2,0
1,5
1,0
0,5

2018

2016

2014

2012

2010

2008

2006

2004

2002

2000

0,0

Figure 6. 5: Land requirement forecast for waste disposal for Bangkok Metropolitan
Administration.
6.3.2 Limitations
Climatic Conditions
The influence of the climate on landfill performance is complex: in relatively warm climates, for
example, the increase in leachate production after precipitation is generally quite rapid (Lema et
al., 1988). Thus, it is important to understand the effect of local climatic variations on landfill
operations. Most Asian countries lie within the tropical boundaries which have a unique feature
of climatic and weather conditions. The regional weather is of paramount concern and is best
described as an alternation between an arid season (no rain for up to 5 months) and a humid
season with extreme rainfall events (Tränkler et al., 2001).
The design aspect of the waste management activities and landfill operations such as pretreatment and disposal methods require much attention to the climatic features of a particular
country. In Thailand, the climate is under the influence of seasonal monsoon winds i.e. the
southwest monsoon and the northeast monsoon. The southwest monsoon, which starts in May,
blows a stream of warm moist air from the Indian Ocean towards Thailand, causing abundant
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rain over the country, especially on the windward side of the mountains. The northeast monsoon,
which starts in October, brings the cold and dry air from the anticyclone in China over major
parts of Thailand, especially the northern and north-eastern sections, which are higher latitude
areas. In the southern part, this monsoon causes mild weather and abundant rain along the East
coast (Climatological Division, 2002). Such a specific weather pattern should be taken into
account for planning and implementation of a landfill as well as the related pre-treatment stage.
The effect upon leachate generation is quite obvious but will not be discussed in detail. The
reader is referred to in the publication by Kuruparan et al., (2003).
Waste Composition
The composition of solid waste in the Asian and pacific region is very similar (see also Chapter
1). Most of the recyclables are internally recycled or segregated before entering the waste stream
(Table 6.4). However, most of the biodegradable waste remains. This portion amounts to more
than 50% in most of cities. The average moisture content of the waste is also relatively high
compared to Europe. Table 6.5 shows the moisture content of the solid waste from selected cities
in Thailand and India. This kind of waste is not suitable for incineration, as the present calorific
value will not guarantee a self-sustaining combustion. Landfilling of such solid waste also
creates nuisance from highly concentrated leachate effluent, landfill gas production and
mechanical instability of the landfill due to fast settlement. The best solution for the disposal of
solid waste is biological pre-treatment prior to landfilling. Simple aerobic composting or
anaerobic digestion can be a solution to reduce the biological portion of the waste.
Table 6. 4: Typical average waste characteristics in urban settings (Zurbrügg, 2002).
Waste Categories (average percentage of wet weight)
City

Biodegradable

Indonesia
Dhaka
Kathmandu
Bangkok
Hanoi
Manila
India
Karachi

74
70
68
53
50
49
42
39

Paper Plastic
10
4.3
8.8
9
4.2
19
6
10

8
4.7
11.4
19
5.5
17
4
7

Glass

Metal

Textiles &
Leather

Inerts (ash,
soil) & others

2
0.3
1.6
3
2
2

2
0.1
0.9
1
2.5
6
2
1

2
4.6
3.9
7
4
9

2
16
5.3
8
37.7
9
40
32
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Table 6. 5: Typical average moisture content of municipal solid waste in Thailand (Asian
Institute of Technology, 2004).
Municipality
Chiang Mai
Hat Yai
Chonburi
Pathumthani
Samutprakarn
Pattaya

Moisture (%)
47
57
59
49
65
70

Technical Capabilities
The regional landfill management urgently requires suitable approaches to tackle present and
future problems. Pre-treatment prior to landfilling, i.e. MBT or simple composting of the MSW
has been suggested as a feasible option for improving the landfill performance in tropical regions
by reducing landfill emission, leachate effluent loads and mechanical landfill instability.
The following advantages of MBT are of fundamental relevance to the Asian setting:
•
•
•
•
•

The required landfill volume/area is reduced by nearly 40%, as well as reducing the cost
for landfilling;
The biodegradability of the waste is reduced and the biological stability is increased,
thereby reducing methane and leachate production in landfills;
Potential hazardous waste contaminants such as batteries, solvents, paints, fluorescent
light bulbs can be segregated prior to further processing;
Materials recovery will be improved due to mechanical sorting prior to and especially
post (natural drying) treatment;
With improved waste stability, side effects such as odour, dust and windblown paper and
plastics at the landfill sites are also avoided.

MBT should be practiced in a simpler way than in Europe, so that the degree of technicality is
limited. Simple MBT processes incorporate mechanical sorting and screening of the waste to
separate the biodegradable materials from the non-biodegradable fractions. The separated
biodegradable waste is further sent to a biological processing unit (aerobic composting by
windrow/static piles or anaerobic digestion) to stabilise the organic contents. The mechanical
process can be enhanced to further separate the non-biodegradable materials (metals, plastics,
glass etc) into clean fractions for recycling and other means of treatment.

MBT in combination with landfilling is a useful technology for the Asian region. If it is to be
used as a pre-treatment technique prior to landfilling, its process technology must be oriented
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towards the improvement of the landfill characteristics and operations or producing RDF. In
order to achieve the highest possible decomposition rate of the organic compounds, it is
important to control the biological pathway of the materials.
MBT – A Novel Approach in the Asian Region
MBT of waste was developed in Europe in order to provide an adequate alternative to MSW
incineration with respect to the output’s properties, which should no longer be reactive and cause
only tolerable emissions. After intensive research, MBT has been widely accepted as such an
alternative. Experiences in Europe deemed the technology suitable for application in developing
countries. Benefits were anticipated on both a technical scale, and in the long-run, on an
economic scale. However, the application of MBT processes has so far been limited to a few
full-scale cases and pilot-scale experiments.
Among the few applications, the pilot-scale project in Phitsanulok (Thailand) is one of ventures
the German “Gesellschaft für Technische Zusammenarbeit” (GTZ) transferred to selected
developing countries. This PPP (Public Private Partnership) venture was specifically initiated to
investigate the opportunities of a MBT application under local settings. Among the following
case studies, the Phitsanulok project followed the most detailed research program. The main
objectives of these various investigations and experiments were as follows:
•
•
•
•
•
•

Determination of the impact of waste composition;
Biogas generation and composition during aerobic processing;
Chemical and bio-chemical transformations during the course of operation;
Analyses of the final material’s disposal quality based on German standards;
Compilation of supplementary information;
Evaluation of the overall performance.

Apart from a simple aerobic pre-treatment process, a more complex anaerobic process may be an
alternative. A full-scale application of slurry digestion at Rayong (Thailand), as well as semiscale dry fermentation tests at the Asian Institute of Technology will serve as case studies.
According to the authors’ knowledge, some testing has been done in Sri Lanka and India but
access to this information is limited.

6.3.3

Case Studies

Aerobic Pre-treatment – Phitsanulok
Since the opening of the landfill in 1999, the incoming waste quantity showed similar seasonal
variations but no exceptional increase during the period of review. In 2002, the landfill received
145

around 93 tonnes/day, ranging from 70–120 tonnes/day. Based on volume, the amount of
domestic waste being finally disposed of was in the range of 200-300 m³/d. The landfill receives
mainly domestic waste plus to some extent healthcare waste from local facilities and an
unknown amount of hazardous waste from households and non-identified small industries.
The incoming municipal solid waste’s composition contains about 60% volatile solids (VS), and
has a high moisture content of about 62%. As indicated in Figure 6.6, a high plastic content
averaging 29.8% by wet weight (range of 24-56%) is also apparent. The high plastic portion
restricts its compaction to only 200-300 kg/m³. The site-specific data of this landfill served to
evaluate various approaches on how to reduce the overall gaseous and liquid emissions by MBT.

Organics
44.4%

Plastic
29.8%

Fine fraction
20.4%
Textiles
Glass 1.3%
Stones
0.8%
Metals
1.4% Paper
1.4%
0.6%

Figure 6. 6: Average waste composition at the landfill based on wet weight.
Local Climatic Conditions
Weather data for the years up to 2001 were collected from the Meteorological Department in
Bangkok from two nearby weather stations (Bangrakam and Phitsanulok). A newly installed
meteorological station at the landfill site has been collecting on-site data since 2001. The local
weather conditions, especially for rainfall during 2002, was slightly above the average for the
last 22 years (1,310 mm) at 1,463 mm. In September 2002, exceptional rainfall occurred over a
five-day period amounting to 315 mm (normally 480 mm/month). However, as past results have
shown, the recurrence of extraordinary rainfall within a 20-year period is expected. Even
rainfalls above 120 mm/day and up to 169 mm/day are not uncommon. The ambient (open-air)
pre-treatment process must be able to handle such conditions.
Operational Structure of the Pilot Project: FABER-AMBRA® Process
The pre-treatment process comprises an uncomplicated homogenisation (Figure 6.7), combined
with some crushing mainly to break up the plastic bags frequently used as multi-purpose
repositories. Waste is piled up in trapezoidal windrows on a layer of common euro-pallets
intended to facilitate aeration from the bottom and keep the windrow base from saturating.
Additionally, pipes are spaced within the windrows for further natural ventilation. Windrows can
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be irrigated if deemed necessary. The mechanically-processed waste undergoes a degradation
process without further turning for 9-12 months. No further processing is required thereafter, and
the waste is landfilled. During the degradation process, the organic matter is stabilised and
minimum liquid and gaseous emissions are expected. However, these assumption could not be
guaranteed, as shown in the following sections.

Figure 6. 7: Waste collection truck used as a homogenising drum at work at Phitsanulok
landfill.

Figure 6. 8: Windrow composting using the FABER-AMBRA® process at Phitsanulok.
During the investigation, several modifications were made. Firstly, several windrows had been
established on closed landfill cells (Figure 6.8). The settlement of these cells had not been
completed at that stage. Consequently, neither the aeration nor the drainage functioned properly.
Successive windrows were constructed on a sufficiently sloped and compacted area to guarantee
a solid workspace and adequate drainage. Both factors are basic pre-requisites for good
operational conditions.
A typical waste with a reasonable plastic and low bulking material content has the tendency to
compact and subsequently minimise the void space and impair aeration. This effect increases
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with the load. The initial height of the windrows (2.5 m) proved to be too great and so were
subsequently reduced in two stages to 2.0-2.2m, thus improving the settlement of the windrows
and the natural ventilation.
Furthermore, it was observed that the pallets were of poor quality and did not comply with
standards (because of too wide or too narrow openings and insufficient stability to bear the load),
allowing the waste to block the bottom ventilation of the windrows. This was aggravated by the
high moisture content of the waste and the narrow void spaces due to the lack of bulking
materials. Consequently, a double layer of pallets was introduced as an intermediate measure and
the spacing between the ventilation tubes was reduced by 33%.
Normally, the windrows should remain untouched for a period of 9-12 months, and the
subsequent material disposed of. However, under the local conditions, the first windrows
remained in a prevailing anaerobic/anoxic stage. Given the regional climatic condition, such
abnormalities are expected over a short period of time. After modification, the windrows
underwent a short second phase of composting. During the discussion of the findings, these
effects will be examined.
Composting Performance
Given the small amount of bulking agents in the waste, the performance of composting can be
jeopardised. Due to the lack of void space, and the compaction and blocking of plastic layers,
complete aeration and oxygen supply are not guaranteed. During the rainy season in particular,
intensive downpours may aggravate the situation. Additionally, a reasonable portion of food
waste is packed in plastic bags, making it inaccessible to aerobic degradation. Given these facts,
static pile windrow composting may run the risk of turning anaerobic, and emitting high levels of
methane; this is likely to occur under extreme weather conditions in particular. Figures 6.9 and
6.10 present such a specific case.
Two windrows were built in May 2002 (windrow C) and in the middle of August 2002 (windrow
D). In early September 2002, 290 mm of rain fell over three successive days. Although the
temperature of windrow C had been at an optimum (75°C), the downpour caused an immediate
temperature drop of more than 20°C. The windrow did not recover from that tremendous decline;
the temperature fell close to 50°C and increased only slightly after 5 months. In contrast, the
temperature fell only slightly in windrow D during the initial phase of intensive exothermic
composting. However, it took nearly three months of hampered composting to attain a constant
temperature of around 70°C.
In parallel to the temperature changes, the status of degradation was altered. This was evident
from the methane emissions during that period. Starting with a low methane concentration in the
off-gas, windrow C turned anaerobic after a series of heavy rain over a period of one month.
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During the following three months, the methane concentration remained above 25% and
decreased only slightly thereafter. Similarly, windrow D showed an increase in methane
concentration. However, there was only a short-lived peak in concentration which then subsided,
and the windrow returned to a predominantly aerobic degradation. This was indicated by the
temperature level obtained and a drop in the methane concentration close to zero. Nevertheless,
it took nearly four month to reach this status.
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Figure 6. 9: Temperature development in two windrows after an extreme rainfall event.
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Figure 6. 10: Methane concentration in the aftermath of an extreme rainfall event.
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Based on the fact that extreme rainfalls occur regularly, changes in the design and operation of
windrows are required. Due to the waste composition, extensive compaction needs to be
avoided. This limits the windrow’s height and requires a top layer to be added to work as a gaspermeable but water-impermeable barrier. Likewise, an effective bottom layer which guarantees
optimum drainage is necessary. The operation also needs to cope with intensive downpours in
tropical settings. Proper design is indispensable, but control of temperature during rainfall events
or droughts needs is a critical part of the operation. Corollary irrigation and/or rebuilding of
windrows needs to be planned and decided in time, and experience is required for reliable,
effective and efficient decision making.
Degradation Efficiency
The main purpose of biological pre-treatment is the reduction of organic matter to minimise
future liquid and gaseous emissions. However, due to weather impacts, a continuous and
complete aerobic process is not guaranteed. The aerobic degradation can run uncontrolled and
turn partially anaerobic, so that decomposition process is retarded and incomplete, and
reasonable amounts of methane are emitted. The remaining total organic content of the solids,
VS and the final dry matter content are parameters that determine the degree of degradation.
Over a timeframe of more than one year, the degradation was carefully monitored by taking
regular samples for solids analyses.
The effect of a prolonged decomposing period at the landfill was obvious regarding the reduction
in the moisture content. Irrespective of the high evaporation capacity and rainfall intensity, a
continuous increase in the dry substance content from 35% to about 65-70% was noticed. The
latter might not be favourable for composting but occurred at the final stages when most of the
VS were lost. For the overall decomposition, a lack of moisture was not a limiting factor.
However, measuring the loss of VS proved to be more complex due to the high plastic content of
the waste. Both VS and TOC could not be used to measure the rate of degradation of the organic
matter in the presence of the available but non-degradable plastics. For example, the VS of the
original waste remained in the range of 40-70% throughout the entire test period. Consequently,
plastic particles were sorted out and parallel analyses were performed.

The findings indicated that the VS of composted waste had reasonably degraded by 25-40%.
Because VS is not considered as an adequate standard for evaluating the reduction in organics,
TOC measurements were introduced (Anonymous, 2001a). The German ordinance requires pretreated waste to have a TOC content of less than 18%. Figure 6.11 demonstrates the progression
of organic carbon decomposition over the testing period. Generally, only those samples without
plastic will reach a TOC content of less than 18%, and for those, a composting duration of 9
months was required to reach that target. Therefore, it is recommended that pre-treated residues
be screened and the low-value recycling fraction used as RDF to at least to recover the calorific
value.
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Even under unfavourable climatic conditions, simple windrow composting will achieve a
reasonable decomposition of organic matter. However, operation has to be controlled and a final
treatment is recommended. Sifting or screening, which is much easier to perform after
composting, and natural drying might be suitable processes to recover plastics for energy
generation.
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Figure 6. 11: Degradation of organic carbon (solids).
Final Disposal Performance
Pre-treatment aims to generate lower leachate loads and reduce landfill gas production, giving
better compaction and saving valuable landfill space. These advantages help to shorten an
unpredictable ‘after closure’ monitoring period. However, the final disposal performance
depends on various issues, some of which cannot be determined in advance. As a substitute,
some commonly agreed parameters like minimum organic matter expressed as TOC (see Figure
6.11), the respirometric activity, biogas generation capacity, and leaching potential are used.
Full-scale investigations into compaction and semi-scale leachate generation under ambient
conditions in lysimeter trials are discussed below in order to assess the final disposal
performance of processed waste.
The reduction of mass due to decomposition and evaporation of moisture have been determined
for some windrows under full scale trials. The wet weight and VS of the input and output waste
was determined to obtain an overview of the reduction of organic matter (GTZ 2003). The
findings indicated a loss of wet mass by 53% due to evaporation. The organic matter loss was
approximately 19% (Figure 6.12). The decomposition rate is comparable to figures quoted by
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other authors. A further improvement in the reduction of organic matter is feasible through an
improved composting process as previously indicated.
Aside from the mass reduction, a volume reduction is also achieved by an improved compaction.
Ordinary MSW is difficult to compact. Under common conditions, a density of less than 300
kg/m³ is achieved. For windrows with a density of 530 kg/m³ - which is already above the
commonly achieved values - a further mechanical compaction is advised. A compaction rate of
1,100 kg/m³ (a compactor was used during the test) for processed waste was obtained, which is
double the wet density of the windrows. In terms of dry mass, there was a four fold increase in
density. This shows that landfill space can be saved. It should be noted that this is only valid for
dry weather conditions, as actual experience shows that under wet weather conditions,
compaction becomes either difficult or unfeasible.
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Figure 6. 12: Mass-reduction (left) and improved compaction (right) during full-scale trials
(GTZ 2003).
Although the pre-treatment process reduces the organic matter content, and gas generation is
significantly reduced, emissions will still occur. In view of that, specific analyses are used to
determine the anaerobic potential of biogas formation. This method provides reasonable
information about the material’s status prior to landfilling, and in Germany, must meet the
limiting values prior to final disposal (Anonymous, 2001a and Soyez, 2000). An effective
reduction in biogas production throughout the pre-treatment period was demonstrated by
Tränkler (2003); however, complying with the set standard (20 Nl / kg DM) was only achieved
in exceptional cases. A pre-treatment period of at least 300 days was adequate to obtain a low
biogas formation profile.
Table 6.6 provides a comparison of two samples which had undergone different pre-treatment
periods. During a pre-treatment stage when the process was incomplete (sample B), it is not
surprising that a reasonable amount of gas production potential remains. The given data indicates
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an incomplete degradation. In cases of partial anaerobic composting, only extended posttreatment periods will provide a low biogas potential, which might be suitable for final disposal
using a methane oxidation layer as part of the top cover system.

Table 6. 6: Final disposal quality.
Parameter
Pre-treatment duration
Water content
LOI
Aerobic Oxygen Demand RI4
Biogas generation GP21
TOC
TOC without plastics
Extractable lipophilic matter
Leachte
pH-value
Conductivity
TOC
Phenols
Arsenic
Lead
Cadmium
Chromium-VI
Copper
Nickel
Mercury
Zinc
Fluorid
Ammonium nitrogen
Cyanids
AOX
Dissolved residues

Unit

Sample A

Sample B

d
%
%
mgO2/ g TS
mlstd/g TS
%
%

%

390
32,5
18
2
18
9
4
0.66

140
42,6
67
34
159
39
37
4,54

-mS/cm
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
µg/L
mg/L
mg/L
mg/L
mg/L
mg/L
%

7,24
1,44
160
< 0,01
0,013
< 0,10
< 0,003
< 0,05
< 0,05
0,05
0,8
0,15
< 0,1
9,0
0,01
0,2
0,10

5,81
6,78
3.900
1,1
0,01
< 0,05
0,005
0,07
0,71
0,67
1,3
12,2
< 0,1
250
< 0,01
0,1
1,09

German Standard
AbfAblV
<5
< 20
<18
(<18)
< 0,8
5,5 – 13
< 50
< 250
< 50
< 0,5
<1
< 0,1
< 0,1
<5
<1
< 20
<5
< 25
< 200
< 0,5
< 1,5
<6

Leachate Generation and Composition – Lysimeter Investigations
In order to provide a better understanding of landfilled waste behaviour, two samples of
processed waste under ambient conditions were selected and treated in lysimeters (no rainfall
simulation) as described by Visvanathan et al. (2002). The variability in leachate flow and
concentration can be well observed and compared as they progresses stochastically. Two
different samples were used. Sample C3 had undergone a partially anaerobic/aerobic degradation
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over a 9 month period, whereas sample G7 had undergone a similar degradation plus an
additional 2 month curing stage under strict aerobic conditions (see Figures 6.9 and 6.10)
As indicated in Figures 6.14 and 6.15, the effect of the different kinds of pre-treatments resulted
in slightly different performance in terms of leachate generation and COD and TKN
concentrations. Furthermore, the concentrations differed from the expected results. Compared to
a specific load onto the lysimeter using conventional, non-pre-treated waste, a much lower
specific load was obtained for both parameters (Fig. 6.14).
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Figure 6. 13: Comparison of specific COD loads of pre-treated waste samples and a
reference system (conventional, non-pre-treated waste).
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Figure 6. 14: Comparison of specific TKN loads of pre-treated waste samples and a
reference system (conventional, non-pre-treated waste).
The cumulative load of the COD and TKN was calculated from the leachate generation and its
weekly composition. It is based on the heavy rainfall events and related to the input wet weight
into the individual lysimeter. Thus, the pollution load discharged by a unit provides a better
comparative baseline. The specific cumulative results versus time are presented in Figures 6.15
and 6.16. Compared to the leaching tests, a much lower specific load is obtained for both COD
and TKN.
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Figure 6. 15: Comparison of COD load of pre-treated waste samples and a reference system
versus cumulative leachate production.
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The ongoing experiments will help to indicate the concentration levels and timeframe for the
laboratory test values. The forecast for the G7 sample indicates a 5 times higher load for COD
and a 4 times higher load for TKN, whereas sample C3 will reach a 10 times higher COD load
and a 2 times higher TKN load. Compared to the starting level in ‘year one’, this verifies the
importance of a complete degradation process.
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Figure 6. 16: Comparison of TKN load of pre-treated waste samples (log scale) and
reference system versus cumulative leachate production.
The cumulative load pattern of TKN (Figure 6.16) slightly differs from that of COD (Figure
6.15). The difference in progress is due to the intensive rainfalls during the first phase of the
lysimeter operation, inducing a much higher leachate generation. However, after the first year of
operation, the trend returned to the common pattern without further increases, and a more or less
steady trend was established. The time dependency is not likely to be the governing factor; it
only illustrates the time run. By plotting the cumulative specific load versus the cumulative
leachate flow (Figures 6.15 and 6.16), the different stages of treatment can be distinguished. The
difference between organic compounds characterised as COD is not very prominent for the pretreated materials (C3 and G7), but is a factor of 9-10 less than that of the reference system
(Figure 6.15). With further increases in the quantity of leachate, only a slight increase in the
specific load is apparent for the reference system. The main portion was already emitted in a first
high intensity phase. For the pre-treated material, this kind of the “high intensity phase” is
extensive, and has yet to reach a steady-state.
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A certain discharge pattern was also evident for the nitrogen compounds. Firstly, the continuous
increase in TKN discharge is quite obvious and fits into what is expected about leachate
composition in aged landfills. The differences between the pre-treated samples and the reference
system are demonstrated. The divergence between the pre-treated wastes is approximately a
factor of 4, while that between the well pre-treated material (G7) and the reference system is a
factor of 8-9.
As previously mentioned, the experiments did not run in parallel, and there were also other
differences. However, the comparison given in Figure 6.15 and 6.16 reveals the benefits of a pretreatment. A conventional landfill will most likely generate a 7 times higher cumulative COD
load compared to one which had undergone pre-treatment. This is even valid for materials that
do not require treatment. However, fundamental differences are obvious for TKN concentrations.
The influence of thorough pre-treatment of waste is more evident than the difference between the
reference points and cumulative loading.
Anaerobic Pre-treatment
Rayong Waste to Energy Project
The problems of solid waste management in Rayong municipality, Thailand, were solved
through a successful project which integrates several waste management approaches, namely
recycling, reusing, anaerobic digestion, and energy and fertilizer generation. The Rayong waste
to energy and fertilizer plant uses MSW, food-vegetable and fruit waste (FVFW), and night soil
waste (NSW) as input material.
The plant operation consists of a front-end treatment (FET) process, anaerobic digestion, and
back-end treatment (BET) (Figure 6.17). The collected MSW is weighed and unloaded into the
FET plant, and conveyed to subsequent mechanical equipment such as the bag opener, drum
screen and magnetic separator. The collected FVFW is directly fed into the feed hopper after
weighing. The delivered NSW is pumped into the feed preparation. The feed substrate is kept
homogenous by an agitator, and is semi-continuously pumped into an anaerobic bioreactor.
The bioreactor is designed as a wet-continuous and completely mixed, single-stage digestion
process under mesophilic conditions. The waste solid content is adjusted to about 15% prior to
feeding the bioreactor. The minimum retention time of the substrate is 18 days to ensure the
conversion of organic material into biogas. Biogas yields at full-scale plants are around 2.2
million cubic meters/year containing 65% methane. This produces 5,062 MWh/year of electricity
and 3,172 MWh/year of heat (at an efficiency of 38.6 and 22.7%, respectively). The digestate is
stored in a buffer storage tank and then dewatered by a mechanical dryer. The liquor from the
dewatering process is led into a process water tank. The mechanically dewatered humus
(digested) mass is transferred to the thermal dryer chamber for pathogen kill. The dried humus
(waste) is conveyed to the fertilizer handling and packing area.
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The success of this project is dependent on community willingness, along with the support and
cooperation of NGOs and government agencies. The project not only solves the problem of solid
waste but it also generates useful resources such as fertilizer and biogas.
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Figure 6. 17: Process facilities at the Rayong waste to energy project.
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6.4 Comparison of the European and Asian Situation
MBT of municipal solid waste in Europe follows somewhat different approaches than in Asia. In
order to understand the purpose of using MBT in different European countries, the historical
background of its implementation has to be reviewed. It becomes obvious that the main driving
forces in Europe and Asia are different, although the fundamental techniques to be used are
basically the same.
Given the significantly reduced landfill capacities as a result of the large amounts of MSW that
were disposed of at landfills during the seventies and eighties in Europe, ideas for waste
avoidance, recycling as well as mass and volume reduction became popular. At the same time,
the environmental risk of landfills became more and more evident. Based on Directive
1999/31/EC (EU Landfill Directive) (Anonymous, 1999), the EU member states had to develop
national strategies to reduce the amount of biodegradable waste going to landfills. In addition,
different states could follow different approaches to reach the prescribed reduction targets.
6.4.1

In Europe

Allocation criteria for the future deposition of MSW at landfills and defined requirements for
landfill construction and operation were set (TASI, 1993). Landfilling of un-pretreated waste
was banned as criteria set by the directives could only be met by thermal pre-treatment.
However, the German legislation allowed a transition period of 12 years for implementation in
order to enable the authorities to plan and build suitable treatment facilities. By the end of the
transition period, it became evident that existing incineration capacities would not be sufficient.
The idea of MBT emerged. In 1995, landfill behaviour integrating MBT technology was
investigated. From the results, the German government decided that MBT would be one
possibility for achieving the ecological objectives of waste management in Germany. MBT
became part of the legislation in the course of national implementation of the EU Landfill
Directive in 1999 (AbfAblV, Anonymus, 2001a). The German Waste Disposal Act included
specific allocation criteria for the landfilling of MBT material as well as incineration residues,
thus setting the base for dual MSW treatment from the year 2005. The MBT capacity reached
approximately 25% of the total waste treatment capacities in Germany by 2005 (Anonymus,
2005).
Whilst Austria followed a similar approach as the one described for Germany, in other countries
such as Belgium, no further efforts regarding MBT were made. In Italy, MBT technology has
gained importance over the past few years, and new facilities were built or old (composting)
facilities converted. In England, the production of RDF by means of biological drying is more
favoured today.
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The future development of MBT in other European countries is more difficult to predict. While
Austria, Switzerland and Scandinavian countries have the same waste management philosophy
as Germany, the future in other European countries depends very much on the reaction of the
population to MSW incineration. However, the authors have the opinion that in the long run,
landfills will increasingly carry less importance in waste management plans.
6.4.2

In Asia

MBT in Asia consists of single (often small-scale) pilot projects which are usually financially
supported. So far, such projects have shown significant differences from European ones with
respect to the technical standards applied, the amount and kind of waste treated and the material
quality achieved. However, even on a comparatively low technical standard, MBT is a very
useful approach for many Asian countries as it contributes to a significant reduction in waste
mass and volume, as well as landfills emissions. The causes of such differences are varied and
include the economic situation, driving forces, climate and waste compositions.
In Europe, MBT technology developed mainly on the basis of strict legal requirements set by the
EU and corresponding national legislations. In Asia, the main factors for implementing MBT
concepts are the increasing amounts of MSW (especially in the megacities), the demand for
waste reduction/minimisation and the demand for reducing the environmental pollution caused
by inadequate landfills and landfill technology.
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6.5 Summary and Future Prospects
Sustainable landfill management in Asian regions can become a long term reality. The emphasis
must be on implementing more sustainable approaches which are part of the waste management
hierarchy, as well as giving priority to solving immediate problems. The conversion of open
dumps to sustainable, sanitary landfills is an essential step to avoid future costs from present
mismanagement (Joseph K. et al., 2002). Considering the technical, institutional and economic
situation in developing countries, it is advisable to move from open dumping to sustainable
landfilling in a phased manner, and as appropriate to the location. The ultimate focus should be
on introducing integrated MSW management systems in collaboration with MBT to minimise
the demand for new landfills, decrease current and future environmental impacts, reduce the
aftercare period after landfill closure, maximise the lifetime of a landfill, and to a minor extent,
recover resources from MSW.
The characteristics of Asian solid waste indicates that it is especially appropriate for MBT
systems, although the high organic and moisture content and the local climatic conditions will
affect aerobic biological degradation. As most of the recyclables are already source-segregated,
recovery will be of minor importance. However, the option of sorting out hazardous waste
components needs to be available if such collection systems are not in place or not workable.
The main focus should be placed on the efficient degradation of the biodegradable portion, either
by aerobic or anaerobic digestion. The former process must be carried out in the open, while the
latter in enclosed facilities, which is expensive but gives the option of energy recovery from
biogas. The waste may be also be anaerobically digested to obtain biogas after which the solid
residues can be subjected to aerobic composting and post-processing (screening to remove
foreign materials) for use in agriculture or horticulture. However, the main purpose of MBT
should not be to produce compost: the outcome of the pre-treatment is still subject to landfilling.
The aim of the procedure is to reduce the volume and emissions. MBT can also facilitate the use
of the bulky fractions (plastic) as RDF. In the final treatment stage, the material can easily be
mechanically separated into high calorific value fractions comprising non-recyclable plastic,
paper and other non-biodegradable waste and residues for landfilling.
There are several pilot projects for MBT of waste with a view to expanding the system into a
bigger part of waste management. This method could be applied in the Asian context for
sustainable solid waste management practices, provided the concerned authorities are ready to
initiate the process with a strong political will. Pre-treatment of MSW prior to landfilling through
aerobic processing, anaerobic digestion or a combination of both should be adopted in Asia. This
would reduce the total amount of waste to be disposed of and, at the same time, diminish the
environmental hazards caused by landfilling of the pre-treated materials. However, as Asia is an
economically developing region, cost effective simple methods adapted to the area should be
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used. This refers to the extreme climate in particular, which is characterised by intensive rain
seasons (monsoon) as well as hot and dry periods.
MBT methods like aerobic windrow composting could be applied if the windrows are (at least
during the monsoon season) covered or located under a roof. The operation of MBT near
existing landfills enables the operators to dispose of the MBT material nearby and use the
existing infrastructure. In parallel to the implementation of MBT, the transformation and
rehabilitation of existing dump sites must be enabled. Therefore, MBT can only be one part of a
more comprehensive system for sustainable landfill management in Asia (see also Chapter 8).
In the medium term, the selected MBT methods should focus on energy recovery from the
processed MSW. For this purpose, anaerobic fermentation technologies should be used, allowing
the production and utilisation of biogas. These methods are particularly applicable for wastes
rich in organics and with a high water content, similar to the Asian MSW. However, regardless
of which pre-treatment option (aerobic or anaerobic) is finally chosen, mechanical waste
processing prior to biological treatment should receive special attention. This is due to the huge
amounts of plastics in the waste stream including the often used plastic bags. Only a reliable
reduction of the plastic content and a disintegration of the plastic bags can ensure a satisfactory
operation of the successive biological treatment step. In addition, the material can be used for
energy recovery.
Finally, well adapted and reasonable parameters defining the quality of the MBT material should
be set and implemented. The objective is not to increase investment and operation costs but to
guarantee a minimum quality standard for both the MBT facility and the MBT material. Landfill
emission reduction by simple and cost effective MBT methods could contribute significantly to a
sustainable reduction in environmental hazards in Asian regions. In the long term, the invested
resources will pay for themselves and contribute to a habitable environment for future
generations.
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LANDFILLING
7.1 Aims
The aim of solid waste disposal is to remove the waste from the urban community, reduce its
volume and make it stable and hygienic. In choosing the process for proper treatment and
disposal, not only should geographical factors be considered but also the financial situation and
the level of technology within the organisation responsible for the solid waste. This management
process can generally be divided into three processes: collection/transport, intermediate
treatment and final disposal.
The ultimate purpose of landfill disposal is to stabilise the solid waste and to make it hygienic
through proper disposal and use of natural metabolic processes. To achieve this, the type, form
and composition of the waste, the location of landfill site, and regional, hydrological and climatic
condition must be considered.
Landfilling is used for wastes which cannot be reused but are pre-treated as far as possible. This
should be a long term arrangement, undertaken under controlled conditions. In landfills that
consist of different types of deposited wastes (domestic waste, hazardous waste), the physical,
chemical and micro-biological processes take place largely in an uncontrolled manner.
Leachates and gas emissions from these landfills must be minimised by suitable technical
measures.
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7.2 Landfill Classifications
A sanitary landfill system can be divided into the four different levels listed below, each
containing the technical elements described in Table 7.1.
Level 1:
Level 2:
Level 3:
Level 4:

Controlled tipping
Sanitary landfill with a bund and daily cover soil
Sanitary landfill with leachate recirculation
Sanitary landfill with leachate treatment

Furthermore, they may be classified according to the waste type. Under the German Waste
Disposal regulation, these are as follows:
Class 0:
Class I:
Class II:
Class III:
Class IV:

Inert waste
Quite inert municipal waste
Municipal waste
Hazardous waste
Underground disposal site

Underlying this philosophy is the acknowledgment that landfilling of mixed wastes is the worst
solution of all. Biological, chemical and physical degradation processes in such a landfill lead to
harmful emissions of gas and leachate. Such processes cannot be contained in the long term by
technical barriers. Only the pre-treatment of the wastes can solve this problem by removing or
mineralising the biodegradable organic waste components and eliminating soluble pollutants
such as heavy metals (or at least fix them in such a way that they cannot leak into the
environment).
In improving a sanitary landfill system, it is more efficient if the work is carried out after first
determining the expected level of improvement. Decisions should be made after considering the
site conditions at the landfill site, the financial capability and the level of technology required for
the implementation to be carried out by local authorities.
It is more sensible to improve a sanitary landfill system in stages. It is also important to consider
the need for a balanced urban infrastructure improvement and to consider the aspects of urban
environment preservation.
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Table 7. 1: Levels of sanitary landfill system.
Item
Soil Cover
Embankment
Drain facility
Gas venting
Leachate collection
Leachate re-circulation
Leachate treatment
Liner

Level 1
+

Level 2
++
++
++
++

Level 3
++
++
++
++
++
++

Level 4
++
++
++
++
++
++
++
++

If considering aeration and leachate collection measures, a landfills can be generally classified
into the following five types:
¾ Anaerobic landfill
¾ Anaerobic sanitary landfill with daily cover
¾ Improved anaerobic sanitary landfill with buried leachate collection pipes
¾ Semi-aerobic landfill with natural ventilation and leachate collection facilities
¾ Aerobic landfill with forced aeration
Among these types, only the aerobic and semi-aerobic landfill types are desirable from the point
of view of leachate and gas quality. The semi-anaerobic landfill may have a combination of
pump-pit and leachate collection facilities as illustrated in Figure 7.1., or it may be without a
pump-pit but uses the leachate collection pipes and natural ventilation and drainage processes.
The re-circulatory semi-aerobic landfill was developed for the purpose of treating leachate and
enhancing the early stabilisation of the landfill (Figure 7.2.).
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Figure 7. 1: Classification of landfill type.
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Figure 7. 2: Recirculatory semi-aerobic landfill system.
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7.3 Landfill Site Consideration
In selecting a sanitary landfill site, it is necessary to ensure that the designed landfill volume can
be achieved and that the following items are examined in an integrated manner.
7.3.1

Collection and Transport

Collection and transport costs form a rather large portion of solid waste management costs. They
vary with collection method, coverage area, location of treatment plant and road traffic
conditions. Generally, the larger the city, the larger is this cost-portion. Therefore, in selecting a
site, it is important to examine each of these items carefully in order to achieve efficient
collection and transport.
Surrounding Conditions
The disposal site and traffic generated by collection and hauling vehicles can potentially cause
environmental problems. Therefore, in order that the sanitary landfill system does not become a
source of pollution to the surrounding area, it is desirable to carefully consider the following
points, and at the same time ensure that the system contributes to regional improvement:
•

Adjustment of related urban planning regulations;

•

Effluent discharge point;

•

Hauling route, approach road and access road;

•

Buffer zone (green belt) conditions, community division by road, noise, vibration and
offensive odours;

•

Location of housing area and public facilities such as schools and hospitals;

•

Availability of utilities such as electric power, telephone and water.

There is a possibility that a river or groundwater can become polluted by leachate, making it
necessary to consider the water usage situation around the landfill site and in the downstream
region. If the landfill is located near a drinking water source or upstream of a marine cultivation
area, there is possibility of harming human health. Locating landfills at such places should be
avoided as far as possible. If this is not possible, special attention should be given to the
installation of seepage control work (liner facilities) and leachate treatment facilities to hinder
the environmental impacts caused by leachate.
7.3.2

Topography and Geology

From the view of construction and maintenance costs, it is preferable to choose a site with good
geological conditions. As far as possible, the sanitary landfill system should be built on non170

permeable ground, avoiding soft rock and places where subsidence might occur. However, if
such a location is unavoidable, it would be necessary to take countermeasures to prevent unequal
land subsidence.
Moreover, areas with high rainfall or water catchments, and where a water intake point would be
located immediately downstream should be avoided. As for areas with underground water, it is
important to study the conditions of the aquifer, its water level and water usage.
7.3.3

Natural Hazards

A sanitary landfill system is often located in mountainous area because of the scarcity of flat
land. The increase in run-off (storm water) due to the removal of trees and vegetation on the
mountain slopes also increases the danger of erosion. Therefore, it is necessary to carefully
examine the discharge points and install protective measures if required. Areas known for
landslides or falling rocks should be avoided.
If a gazetted forest reserve area is to be used to site the landfill, it is necessary to make a
preliminary study on the procedures required to degazette the area and take all necessary
measures to ensure a smooth execution of the plan.
7.3.4

Availability of Cover Soil

In identifying the suitability of a landfill site, it is also important to consider the availability of
cover material in the vicinity. Ideally, one quarter of the total volume consumed should be
allocated for cover soil, meaning a large volume of cover material is needed. Bearing this in
mind, the cost of importing the material from elsewhere will be quite significant.
7.3.5

Long-Term Use

It is also necessary to ensure that the area proposed for the landfill can be used for a number of
years. This is because a large sum of money will be spent on construction costs, including the
approach and access roads, leachate collection and treatment facilities, drainage systems, guard
house, etc. If the area can only be used for a very short period of time, additional finance will be
required to construct the facilities for the next area. Apart from taking the afore-mentioned items
into account for the selection of a site, relevant laws and regulations must be observed.
7.3.6 Location of Marine Reclamation Area
Special permission would be required for sea reclamation. Several issues must be examined
carefully to ensure the conservation of marine resources including: present environmental
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conditions; impact of reclamation; pollution possibilities during construction (noise, turbidity of
sea water, pollution from dumping, etc) and disposal of wastes (littering, leachate seepage,etc.);
and pollution prevention and environmental preservation measures.

172

7.4 Landfill Designs and Planning
The basic criteria in the planning and design of a landfill facility are functionality, safety and
cost. In planning the layout or design of a landfill site, the locations of the following must be
determined: (1) access road; (2) safety facility; (3) weighbridge; (4) site office; (5) transfer
station, if used; (6) drainage facility; (7) landfill gas management system; (8) landfill leachate
treatment system; (9) monitoring well; (10) fencing; (11) car wash facility; (12) utilities such as
electricity and water supply. A typical layout for a landfill disposal site is shown in Figure 7.3.
The layout is only a guide since it will always be site-specific. However, the items identified in
the sketch can be used as a checklist of the areas that must be addressed during the preliminary
layout of a landfill.

Secondary Retention Ditch

Monitoring Wells

Primary Retention Ditch

Gas venting pipes

Pond for
Overflow
(Emergency)

Secondary Retention Ditch

Leachate
Collection pipes

Primary Retention Ditch

Secondary Retention Ditch

Leachate
Collection,
Re-circulation
and
Treatment
Facilities
(Aeration)

Car wash
Site Office

Security Gate

Weighbridge

Access Roads

Machines / Vehicles
Garage / Store

Figure 7. 3: Conceptual diagram of a typical landfill layout.
In selecting a potential land disposal site, it is important to make sure that sufficient land area is
available. Although there is no fixed rule concerning the area required, it must be great enough to
include an adequate buffer zone to allow operation for at least five years. For shorter periods, the
disposal operation becomes more expensive, especially with respect to the site preparation and
provision of auxiliary facilities.
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Such landfills are complex engineering structures which are run not only by means of modern
technical measures (leachate water chamber system, leachate purification, gas collection,
cleaning and utilization systems, partial waste treatment system), but also by the infrastructure:
roads, plants for different applications, workshops for vehicles and devices, storage tanks for
leachate and extensive measuring instruments for meteorological and landfill data. Such modern
waste disposal facilities can only run economically as large central units.

For minimal emissions, the multi-barrier concept for landfill planning and maintenance is
proposed, which requires different measures starting from the basic planning through to
construction, and ending with the control of the landfill processes. Proper application of these
independent measures will prevent the release and propagation of pollutants. The following
factors must be considered during landfill design and planning:

•
•

•

•
•

•
•

The landfill site should be hydrologically and geologically suitable (high adsorption
capacity, small water permeability, sufficient safety distance to the groundwater aquifer);
The base sealing system together with appropriately installed drainage systems should
prevent the contamination of groundwater with heavily loaded leachate. The sealing
system should consist of a waterproof natural and/or synthetic material. The drainage
system which collects and delivers the leachate to the treatment plant should consist of
coarse gravel surface filters and a drainpipe system;
The landfilled wastes should be non-reactive and contain a low pollution load so that the
leachate load is small and practically no gas is formed. If the wastes do not have these
characteristics they should be pre-treated or excluded from the landfilling option;
The landfill must be mechanically stable;
Infiltration of rainfall into the landfill body must be prevented by a surface sealing. A
recultivation layer including vegetation located on the surface sealing serves to protect
the sealing, and helps to blend the landfill into the surrounding landscape;
The landfill cover must be maintained in order to prevent damage to the surface sealing;
The long-term behaviour of the landfill site must be controlled and documented.
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7.5 Landfill Operation and Management
In the management of existing landfills, the major concern is to ensure that proper operational
procedures are followed carefully and systematically.
The development of a workable operating schedule, cell construction and filling plan for the
placement of solid waste, landfill operating records, load inspection and site safety and
security plan are important elements of a landfill operation. Other factors that must be taken
into consideration are as listed in Table 7.2.
7.5.1 Cell Construction
Construction of cells in a landfill is very important in order to have an effective and
systematic way of landfilling. There are three common methods for cell construction:
(1) Sandwich Method – Solid waste is laid horizontally with a layer added on top of
another. Usually used to landfill narrow valleys;
(2) Cell Method – This is the most commonly used method. A cell of solid waste is
topped with a layer of cover soil, and each cell is an independent landfill area.
Each of the cells acts as a fire breaker; gas generation and water flow within the
landfill is hindered;
(3) Dumping Method – Solid waste is dumped into the landfill site. By using this
method, the foundations of the landfill will be physically weak because the solid
waste is not compacted. This method is not recommended for hygienic and
systematic landfilling.
7.5.2

Cover Material

The primary purposes of a landfill cover are to (1) minimise the infiltration rate of surface
water into the waste; (2) limit the uncontrolled release of landfill gases; (3) suppress the
proliferation of vectors; (4) limit the potential of landfill fires; (5) provide a suitable surface
for re-vegetation; (6) serve as the central element in the reclamation of the site. To meet all
these purposes, the cover material must be able to: withstand climatic extreme; resist water
and wind erosion; have stability against subsidence, cracking and slope failure; be able to
resist the effect of differential landfill settlement caused by the release of landfill gases and
the compression of wastes; be able to resist the disruption caused by plants, animals, worms
and insects; and be able to resist failure due to landfilling operation such as the travel of
collection trucks or vehicles. Generally, there are three types of cover material which are used
on a landfill known as the daily cover, intermediate cover and final cover.
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Table 7. 2: Important factors in the operation of landfills (Tchobanoglous et al. 1993).
Factors

Remarks

•

•

Usual practice is 5 to 6 d/week and 8 to 10 h/d

•
•

Days and hours of
operation
Communications
Employment facilities

•
•

•

Equipment maintenance

•

•

Litter control

•

•

Operation plan

•

•

Operational records

•

•

Salvage

•

•

Scales/weighbridge

•

•

Security

•

•

Spread and compaction

•

•

Unloading area

•

Telephone for emergencies
Restrooms and drinking water should be
provided
A covered shed should be provided for
maintenance of equipment
Use movable fences at unloading areas; crews
should pick up litter at least once per month
With or without the co-disposal of treatment
plan sludge and the recovery of gas
Tonnage, transactions and billing if a disposal
fee is charged
No scavenging, salvage should occur away
from the unloading area
Essential for record keeping if collection trucks
deliver wastes; capacity up to 100,000 lb
Provide locked gates and fencing; lighting of
sensitive areas
Spread and compact waste in layers less than 2
ft thick to achieve optimum compaction
Keep small, generally under 100ft wide;
operate separate unloading areas for vehicles
and commercial trucks

7.5.3

Application of Insecticides

A wide range of insects can be found on landfill sites, in particular flies and crickets. The main
source of insects is from the eggs of flies which have been deposited in the wastes before
arriving at the site. These eggs will be buried deep in the wastes and hatch into larvae and finally
insects which tend to inhabit the voids in the landfills. The problem of insects can be controlled
by spraying the tipping face with insecticides. This need usually arises only because of a failure
in the normal control measures such as allowing a large surface area of wastes to remain
uncovered, or the use of a very thin or porous cover which allows larvae to reach the surface.
7.5.4

Control of Scavengers

Scavenging at a landfill site is usually connected to businesses which may operate openly at the
landfill for the collection of recyclable materials. Scavenging is an undesirable problem affecting
the management of a landfill. For examples, scavengers may accidentally cause landfill fires if
they smoke at the site or they might scatter the waste around and litter the surrounding.
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Essentially, the activities of scavengers will make the daily operational process at the landfill,
such as applying the surface sand cover, more difficult.
The problem of scavengers can be eliminated though good fencing, 24 hour security and other
limitations to site access. Entrance to the landfill should be limited to those times when an
attendant is on duty and only to those authorised to use the site for the disposal of refuse. If
public access to a landfill is allowed when no attendant is on duty, scavenging and indiscriminate
dumping commonly result. It then becomes necessary to divert efforts and equipment to policing
the area to restore the sanitary conditions.
7.5.5

Monitoring

The following guidelines could be used in the formulation of a proper landfill monitoring or
inspection programmes:
(1) Monitoring should be carried out throughout the entire project period including postclosure care;
(2) Samplings should be done at the same locations and effluent release points as the
baseline data survey to investigate whether permit requirement are being met;
(3) Samples should be collected and analysed by experts using the standard procedures
for the monitoring of environmental quality and emissions; and
(4) Corrective measures should be specified when the monitoring indicates the levels of
impacts are not permissible.

7.5.6

Management of Personnel and Operational Records

In order to secure and retain competent employees, the landfill administration must have a
systematic personnel management plan. A job description should be prepared for each position at
the sanitary landfill. A typical list of positions for a large operation might include:



Administrative tasks (management, accounting, billing, engineering, typing, filing etc.);
Operational tasks (weighing, operating equipment, spreading, compacting, excavating,
hauling, road maintenance, dust control, maintaining equipment, traffic control, vector
control, litter control, site security etc.).

Once the job areas are defined, management must determine how many employees are needed.
There may be some overlapping of job responsibility. For instance, a small sanitary landfill may
need only one or two operators to handle all the equipment and operation. As the size of
operation increases, a division of labour will become necessary for sustained efficiency.
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A proper training programme is necessary for all employees. Training should cover the overall
operation of the landfill, and safety and emergency procedures. Employees responsible for more
critical and complex tasks should be given more intensive training. Employees should
thoroughly understand work rules and procedures for handing out reprimands and submitting
grievances.
For ongoing evaluation and future planning, detailed records should be kept of incoming
materials (weights, type, origin etc.). Any deviation from the plan of operation should be
recorded. Topographic surveys should be made regularly to determine the rate of filling. The
data on the incoming material and the topographic surveys can be used to determine the amount
of compaction, efficiency and land use, and to estimate the degree of decomposition and
eventual settlement. Book-keeping records should be well maintained and should include the
initial costs of land and equipment, and operating costs for labour, equipment, maintenance,
depreciation etc. These data are necessary for budgetary planning, determination of the cost rates
for users, making comparisons with other operations, justification of expenditure, and estimating
the efficiency of operation.
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7.6 Landfill Aftercare
Landfills need aftercare measures after they are filled, covered or capped. Biological degradation
processes, chemical leaching processes, followed by possible gas and leachate emissions,
continue after closure. The following parameters have to be monitored during the landfill
aftercare phase: landfill gas (volume and composition); leachate (volume and composition);
groundwater (composition); settlement (landfill bottom and surface); biological degradation
processes in the landfill body; efficiency of bottom liner and cap systems; and efficiency of the
recultivation layer (top soil layer).
The following measures may be necessary during the landfill aftercare phase: repair or reconstruction of landfill gas extraction facilities, landfill gas utilisation equipment, leachate
collection systems and landfill capping system; maintenance of vegetation; and biological insitu-stabilisation by leachate infiltration or aeration of the landfill body.
The duration of the landfill after-care period depends on individual circumstances. Article 10 of
the EC Landfill Directive demands 30 years of post-closure care. However, this length of time
only forms the basis for calculation of landfill charges and financial security. When reclamation
works at the sanitary landfill site are completed, records on the finished landform, type and
volume of solid wastes buried, etc. must be properly kept. It is necessary to be able to clearly
identify the responsible person for each action after the landfill is closed down.
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7.7 Comparison of the European and Asian Situation
7.7.1

The Significance of Landfilling in Germany and Asia

There are fundamental differences in the aims/hierarchy of the waste management systems in
Germany and Asia. In most of the Asian countries, the immediate removal of solid waste from
the urban community and the enhancement of hygienic conditions have priority. The whole
waste management system in Germany is well regulated, and the management strategy is based
on the concept of the closed substance cycle.
The general principle in Germany is that only waste which cannot be considered for recycling
(to which priority must be given) for technical, ecological or economic reasons may be disposed
of. The new philosophy of waste disposal is centred on the realisation that the landfilling of
mixed waste containing organic and soluble components is inconsistent with an environmentally
compatible solution. In a landfill of this kind, harmful emissions of gas and leachate are
produced as a result of biological, chemical and physical degradation processes. These kinds of
processes cannot be permanently contained via the use of technical barriers (seals). In view of
the doubts about the durability of landfill liners, there is no guarantee that technical measures
would be able to contain pollutants in a landfill body indefinitely. To prevent negative
environmental impacts, conventional landfilling requires extensive remedial, monitoring and
repair work to ensure that leachate and landfill gas are contained for many decades and possibly
even centuries. The only solution is to treat waste so that it is safe in a landfill for the long term.
The only possible solution to this problem is to pre-treat the waste so as to render it suitable for
landfilling. The biodegradable, organic waste components must first be removed or mineralised.
This has meant that the waste masses and volumes which are going to landfill have been
continuously decreasing over the years, leading to steady decrease in the number of operated
landfills in Germany, as shown in Table 7.3.
Table 7. 3: Development of landfill sites in Germany (BMU, 2004)
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Furthermore, soluble pollutant components, such as heavy metals, must first be eliminated or
immobilised so that they are unable to escape from the landfill into the environment (Schnurer,
2002). Since the 1st of June 2005, only pre-treated waste is allowed to be disposed of in German
landfills. The rise in recycling and the increase in the amount of waste being treated before being
landfilled has resulted in a significant reduction in climate-relevant gases. In total, the equivalent
of 46 million tonnes CO2 were saved between 1990 and 2005 by the waste treatment sector.
7.7.2

Waste/Landfill Policy and Regulations

The Waste management legislation in Germany is based on European law, German Federal law,
the regional law of the Federal States, and the statutes of the local authority disposal agencies.
Waste disposal and the closed substance cycle are governed by the Act for promoting closed
substance cycle waste management and ensuring environmentally compatible waste disposal,
known as the Closed Substance Cycle and Waste Management Act. The Act, which entered into
force in 1996, is aimed at the comprehensive avoidance and recovery of waste. Avoidance
includes, firstly, the development of products and substances with the longest possible service
life (product responsibility), and secondly, the introduction of production techniques which incur
the minimum possible volume of waste (extended producer responsibility). Recovery, on the
other hand, seeks to achieve the maximum possible, most environmentally-compatible use of the
material and energetic potential contained in the waste.
The Act introduced a strict priority sequence: Avoid – Recover – Dispose. The Act therefore
helps to reduce consumption of resources as well as contributes to nationwide environmental
protection and a reduction in waste volumes. The Act’s general obligations have been further
reinforced by a number of statutory ordinances. In particular, these include the provisions on
product responsibility (packaging, batteries, end-of-life vehicles, waste oil, electrical and
electronic equipment), the requirements governing the environmentally compatible recovery of
waste (including the Commercial Waste Ordinance, Waste Wood Ordinance, Ordinance on
Underground Waste Stowage), and those governing the environmentally compatible disposal of
waste (Ordinance on Environmentally Compatible Storage of Waste from Human Settlements
and on Biological Waste Treatment Facilities, Landfill Ordinance).
The 1st of June 2005 is of course only a turning point and not the end of the road for waste
management in Germany. It is far from exhausting its potential for change. In particular, such
potential has yet to be developed in the relationship between waste management and other areas
such as product and production policy, chemicals policy, and resource and climate protection
policy.
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In 1999, the Federal Environment Ministry set down its waste management objective for 2020 as
follows:
By 2020 at the latest, waste treatment technologies should be so advanced and ubiquitously
available that all waste from human settlements in Germany can be fully and environmentally
safely recovered. This would also mean the abolition of surface landfilling (BMU, 2005).
7.7.3

Landfill Types

In Germany there are 5 landfill types divided into landfill classes (see section 7.2). The waste
disposed into each type depends on the quality, organic content or the toxicity of the waste. In
Asia, there are also different landfill types, but these are classified according to the landfill
operation and not the quality of waste. Table 7.4 shows a direct comparison of the German and
typical Asian landfill types.
Table 7. 4: German and Asian landfill types and classification.
German Landfill Classification

Asian Landfill Types

Class 0:
Class I:
Class II:
Class III:
Class IV:

Anaerobic Landfill
Anaerobic Sanitary Landfill with Daily Cover
Improved Anaerobic Sanitary Landfill with Buried Leachate Collection Pipes
Semi-aerobic Landfill with Natural Ventilation and Leachate Collection
Aerobic Landfill with Forced Aeration

Inert waste
Quite inert municipal waste
Municipal Waste
Hazardous Waste
Underground disposal site

182

7.8 Summary and Future Prospects
In Asia, the ultimate purpose of landfill disposal is to stabilise and hygienise the solid waste.
Therefore, it is important to have a practical method of disposal which is adapted to the regional
conditions and organisational situation. In making this decision, it is important to take into
account the type, form and composition of the waste, the location of landfill site, and regional,
hydrological and climatic condition. In planning the landfill, it is necessary to determine the
types and volume of waste to be disposed of, and to formulate an effective plan for solid waste
management based on the actual needs of the region. The final disposal plan should also be
formulated in such a way that it integrates with the waste collection and transport plan as well as
intermediate treatment plans.
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HAZARDOUS WASTE
MANAGEMENT
8.1 Hazardous Waste Definitions
The concern about the potential hazards of industrial wastes and even of constituents of domestic
waste emerged in industralised countries only gradually, and was induced among other things by
severe accidents and the like. Given these external influences, laws have been developed and
integrated in existing legislatory and regulatory systems. Most countries do not have a separate
hazardous waste act. A waste falls under either "general waste" (nearly equal to municipal waste)
or "industrial waste". However some parts of industrial wastes are identified as hazardous, and
they are regulated as "industrial/hazardous waste under special control". Other types of general
wastes are also designated as "general waste under special control". The term "hazardous waste"
has a more general and inclusive meaning than "toxic and dangerous waste". A waste can be
identified as a hazardous waste by measurement with a specified standardised method, if
reasonably detected by generators of the waste, or when it meets a certain criteria for listing
hazardous waste.
A comprehensive legal definition of which wastes should be controlled, and how, is obviously
paramount for an efficient management system. Unfortunately, this is not always the case in
practice. Often, there are many complexities and too many different situations to allow the
preparation of a simple and straightforward legislation that covers all cases. Different countries
and regions in Europe apply different classification systems (Brodersen et al., 2001). An
example is shown in Box 8.1.
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Box 8. 1: Italian hazardous waste regulations.
The Italian regulations classify all hazardous wastes as a subset of general solid wastes.
Additionally, a material that is not excluded from the definition of solid waste (as described in
the Italian law) becomes a hazardous waste if and when:
- it is marked in the wastes list with an asterisk “*”;
- it meets a listing description in reference to its nature or to the activity which generated it;
- it exhibits any of the characteristics such as flammability, toxicity, corrosiveness, etc.
Once a material has been defined as a hazardous waste, it will be subject to the hazardous waste
regulations.
Hazardous waste has generally been considered as the sole preserve of the industrial sector, with
the proportion in commercial and municipal streams generally overlooked (Slack et al., 2005).
However, hazardous materials such as paint, batteries, engine oil, fluorescent light bulbs, and
pesticides, are widely used in and around the home. The term “household hazardous waste” is
not used in any existing European legislation. The closest reference is in Chapter 20 of the
European Waste Catalogue, which lists waste types from a municipal origin according to
function/usage or product type. As with all hazardous entries in the EWC, municipal wastes can
be hazardous regardless of substance concentration (absolute) or when it contains a dangerous
substance above a threshold concentration giving the waste one or more properties listed in
Annex III of the Hazardous Waste Directive.
Normally, radioactive wastes are not regulated by hazardous waste-related legislation and
regulation. Generally, “Atomic Laws” provide the background for dealing with these materials,
and radioactive materials have to undergo very specific procedures. This is also valid for medical
or clinical (healthcare waste). Due to specific hygienic properties, medical wastes are among the
most difficult to safely eliminate without causing secondary problems (Jewell, 2003). Solid
wastes generated at hospitals, veterinary clinics, etc. are composed of body parts, body residues
(blood, wastes, washings, etc.), contaminated clothing, disposable syringes, pathogens (ranging
from normal bacteria to highly dangerous and contagious organisms), medicines and cleaning
and disinfecting materials. An increase in the plastic content of medical wastes is discouraging
the use of incineration, primarily because of the toxic by-products of combustion.
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8.2 Management Objectives and Legislative Approaches
Most industrial processes produce waste which can be detrimental to public health or the
environment if not properly managed. The need to protect public health and safety as well as the
environment from the risks of hazardous substances and wastes is one of the main challenges to
national and international environmental policy. This challenge reaches far beyond the
management of emerging hazardous wastes to the handling of infectious materials and, among
others, persistent organic pollutants. It requires effective measures to reduce the use of relevant
chemicals to avoid the generation of hazardous wastes, and to control the disposal of
unavoidable ones.
Since industrial, hospital and public wastes are frequently collected in a mixed way, the
hazardous potential of MSW can be considered as very high, and a separate, safer disposal and
treatment of these wastes cannot be performed.
Industrial and municipal hazardous wastes should be fully treated to significantly reduce toxicity
and mobility prior to any land disposal. The objective of hazardous waste management is to
ensure safe, efficient and cost effective collection, transportation, treatment and disposal of the
waste. Landfills for disposal of hazardous wastes are required to meet very stringent criteria to
protect public health and the environment. These criteria are established by law and govern the
location, design, construction, operation and final closure of the landfill. Destruction in high
temperature incinerators is an available technology for most organic hazardous wastes. This is
because incineration safely and effectively destroys the hazardous constituents in the waste.
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The definition of "hazardous waste" provided by laws and regulations may be different among
European countries. Despite this, the fact that these wastes become a threat or potential hazard to
human health or the environment when improperly treated, stored, transported, disposed of or
managed, means that waste generators, transporters, and disposal facility operators will be
affected by regulations. These regulations set out the responsibilities of the different parties
involved in generating, handling and overseeing hazardous wastes practices. Based on
legislation, facilities can be installed and operated with the involvement of regional
governments, industry, and municipalities.
Such an approach makes sure that facilities are available, and at the same time, guarantees public
influence and responsibility for sound services which comply with all rules and safeguards high
environmental standards. Moreover, the approach also avoids a segregation of interests.
Generally speaking, the hazardous waste management system serves for wastes of commercial,
industrial and domestic origin. In this way, an efficient and effective system can be established.
In European countries, an integrated approach consists of a central treatment facility comprising
thermal treatment and/or a safe hazardous waste landfill, plus several decentralised collection,
storage and pre-treatment subsidiaries.
Regulations clearly emphasise proper management of hazardous waste from the moment that the
waste is generated until its ultimate disposal (i.e. "cradle to grave"). This step-by-step approach
monitors and controls hazardous waste at every point in the waste cycle, thereby protecting
human health and the environment from the dangers of mismanagement. This approach has two
key elements: tracking and permit. Relevant laws explicitly stipulate that the responsibility for
proper hazardous waste management is fully attributed to the generators. Transporters and
treatment, storage, and disposal facilities are considered as those who act for generators. Thus,
generators entrust their wastes to those individuals according to tracking and their permits.
Hazardous wastes may be either transported to another location to be treated, stored or disposed
of, or may be managed at the place of generation (i.e. in-house treatment). If wastes are to be
transported off-site, a tracking system requires that each facility or transporter handling the waste
obtain an identification number. Generators prepare a shipping document called a manifest to
accompany any transported hazardous waste from the point of generation to the point of final
disposal. A manifest helps to prevent inappropriate managerial action such as an illegal dumping.
A generator must enter into a contract with a licensed transporter and a licensed treatment or
disposal facility beforehand. Local government gives relevant permits to a transporter or a
treatment or disposal facility, pending that these individuals meet the pre-requisites or standards
specified in the regulations. Thus, a generator selects a contractor and entrusts the waste based
on this information.
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The importance of proper handling became a priority due to illegal exporting and disposal of
hazardous waste, especially to developing countries. The March 1989 Basel Convention contains
the first outlines of a global "waste management treaty", including the principle of disposing of
waste at its place of origin, the process of taking measures to reduce waste volumes and the task
of drawing up globally applicable general principles of waste disposal. In summary, the
Convention stated the following:
The import, export and transit of hazardous waste for disposal purposes is only permissible when
all states involved have been informed beforehand and agree to it. Transport to states not signed
up to the convention is not permissible, unless there are bilateral or multilateral regulations,
which correspond substantively to the Basel Convention. The exporter, and by default, the state
from where the waste originates, is responsible for keeping to the agreement entered into, and if
necessary, obliged to take back the waste. This obligation applies particularly to cases of "illegal
dumping".
The Rotterdam Convention on Prior Informed Consent (PIC) Procedures was adopted in 1998
and entered into force in February 2004. The PIC convention requires that exporters trading in a
list of hazardous substances obtain the prior informed consent of importers before proceeding
with the trade. If a country agrees to import chemicals, the Convention promotes their safe use
through labelling standards, technical assistance and other forms of support.
The Stockholm Convention on Persistent Organic Pollutants (POPs) was adopted in 2001 and
entered into force in May 2004. This Convention deals with a class of hazardous substances
which, because of their characteristics, pose significant threats to health and the environment,
and aims to eliminate the most dangerous POPs, starting with 12 of the worst.
Incineration and other disposal technologies are currently under review by the countries that
have ratified the Basel and Stockholm Conventions. Draft technical guidelines were prepared in
early 2003 to provide direction to the Parties and Signatories of the Basel and the Stockholm
Conventions on how to implement their obligations under these conventions. These guidelines
(still a work in progress) are to be considered as minimum requirements for the identification,
storage, handling and disposal/destruction of POPs wastes (Wong, 2005).
The focus on these issues will require joint efforts from both the industrialised and the
developing countries. As part of the on-going globalisation process, as well as the fast growth in
most of the Asian countries, more efforts need to be made to find ways of managing the
increasing problem of hazardous wastes.
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8.3 Hazardous Waste Generation
8.3.1 In Europe
In the EU, the generation of hazardous waste is estimated at 40 million tonnes per year. A more
accurate evaluation is not possible because the statistical data on hazardous waste in Europe are
weak. For some countries, data is not even available, or if existing, they are often not comparable
due to differences in definitions and classification systems (Brodersen et al, 2003). For example,
the high amounts reported for Germany (Figure 8.1) may not mean that there is an especially
large amount of hazardous waste generation taking place, but it may be that the documentation
system is more detailed and accurate compared to other countries.

Figure 8. 1: Hazardous waste produced in selected European countries (Environmental
Agency, 2004).

The main difference between the hazardous potential of the MSW in Europe and Asia is that in
Europe, significant amounts of the hazardous waste streams are collected separately, and
originate mainly from industry and hospitals. For instance, in Germany, the waste generation
from the production sector is approximately 300 Mio Mg and from hospitals approximately 0.5
Mio Mg (Statistisches Bundesamt, 1996). The indicated 18 Mio Mg of hazardous waste given
for Germany in Figure 8.1 belongs mainly to these sectors. The hazardous potential of the
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approximately 50 million Mg of MSW generated in Germany is low. An example for the kinds
of hazardous waste is given in Figure 8.2.

Figure 8. 2: Types of hazardous waste in Sri Lanka (top) Thailand (middle) and Germany
(bottom).
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8.3.2

In Asia

The generation of hazardous wastes has been increasing over the past decades, but there has been
a remarkable shift in the geographical allocation. Whereas in the past more than 90% of
hazardous wastes were produced in the industrialised countries, nowadays the largest growth
rates are in the developing countries, in particular from the burgeoning economies of countries
like China, India and Thailand. Intensive agriculture requires pesticides which leave behind
many residues. Even hazardous wastes are imported illegally due to the lack of any area-wide
hazardous waste management. Most of these wastes are then dumped untreated or burned.
In most developing Asian countries, efforts towards a sound hazardous waste management plan
are generally very basic. In contrast, most developed countries over the past twenty to thirty
years have been driven by obvious threats to public health and safety to establish more or less
effective hazardous waste management programmes. In parallel, they have developed a highly
sophisticated MSW management system, as is happening nowadays in developing countries.
Since the beginning of the 1990s, some economically developing countries, particularly those
that have experienced rapid industrialisation, have begun to consider concepts for appropriate
hazardous waste management.
In most cases, the problem of hazardous waste has been identified with the support of foreign
consultancy, but the follow-up of designating an agency to enforce the regulations and even draft
specific technical, procedural, and information requirements for hazardous waste management is
lagging behind. Sufficient treatment and disposal capacity is neither designed nor is financing
from private or public funds guaranteed. Even if facilities are available, compliance and
enforcement programs are absent, which in other words means that hazardous waste is still
illegally dumped. In the following, a few of these aspects and shortcomings are highlighted.
The dimension of hazardous waste in Asia cannot be determined as there are neither reliable data
available about the amount of waste generated nor information about the types of hazardous
wastes produced. This lack of data means that policy makers, administrators, and investors
(private sector) will find it difficult to plan clear strategies and actions to build and maintain
institutional, procedural and technical structures. Accordingly, political activities are driven by
sudden events requiring immediate action such as spectacular accidents and threatened
epidemics. Both public and private sector planning need accurate information, especially if
facilities are to be financed mainly by private sources or it is political will to attract (during a
start-up phase) as much as hazardous waste by means of subsidies. Finally, for the further
development of a hazardous waste management system, both data concerning generation and
composition are of vital interest to evaluate existing practices (including transport) and improve
procedures.
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Considering all these aspects, Asian countries are still at the beginning of the road. All the
generation data present in Table 8.1 are based on estimates and surveys deriving figures from
industrial production. Some are drawn from assessment performed in the late 1980s and
extrapolated so that most of it is guesswork. The same statement is also valid for the hazardous
waste types presented in Figure 8.2. In other words, hazardous waste management in Asia is
built on a fragile groundwork.

Table 8. 1: Estimated hazardous waste generation and related demographic data.
Source: (APO, 2001; Ma, 2000; PCD, 1997; Teri, 2003; UNEP, 2002)
Hazardous waste generation
Inhabitants
GDP
GDP growth
Year Industrial Health care Domestic
2003
2003
2003
1000 tons 1000 tons 1000 tons
million billion USD
%
China
27.000
700
?
1.299
6.450
9,1
Taiwan
1.611
?
?
22,8
529
3,2
8.380
?
?
1.065
3.022
8,3
India
450
?
?
23,5
207
5,2
Malaysia
Pakistan
51
6
?
159
318
5,5
Singapore
70
?
?
4,4
109
1,1
Sri Lanka
55
5
?
19,9
74
5,5
1.678
67
18
64,9
476
6,7
Thailand
242
?
?
82,7
204
7,2
Vietnam

Nevertheless, the differences between a newly industrialised country (e.g. Thailand) and a
developing country with a dominant agricultural economy (e.g. Sri Lanka) are quite apparent
(APO, 2001). The classification of hazardous materials according to their sources and origin,
production process and related recycling processes is an essential aspect of a nation’s hazardous
waste management scheme. The determination of the magnitude of generated hazardous waste
and an approximate composition might help to develop initial strategies. However, such a
classification relies on legislation that will enforce record keeping and reporting duties to the
waste generators, transporters and processors.
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8.4 Hazardous Waste Management In Asia
8.4.1

Legislation and Monitoring

Starting in the early seventies, it took industrialised countries like Germany and Denmark 10-15
years to develop laws, regulations and procedures that resulted in reasonable changes in the way
companies managed hazardous waste, despite these countries enjoying strong legal and
bureaucratic institutions (Buck and Rauschelbach, 1999; Probst and Beierle, 1999).
Nevertheless, occasional illegal dumping or hazardous waste export occurred due to the high
costs associated with proper handling of hazardous waste.
Since end of the 1980s and the beginning of the 1990s, legislation has been in place in most
Asian countries (Table 8.2). However, it was not immediately enforced. It took time to generate
the related rules and regulation. The legislation was based on blue-prints from industrialised
countries which did not always fit into the settings and capabilities of developing countries. The
classification of hazardous waste created more confusion than clarity. China works with 63
categories, Malaysia with 107 and Thailand with more than 200. This kind of inconsistency
hampers hazardous waste management rather than assisting its licensing and monitoring.
Alternatively, a focus on relevant categories could positively impact collection and abolish
uncertainties of treatment (as proved by the re-classification/simplification of the European
Waste Catalogue).
Table 8. 2: Hazardous waste legislation and ratification of relevant conventions (APO 2001,
Portas 2000).

China
Taiwan
India
Malaysia
Pakistan
Singapore
Sri Lanka
Thailand
Vietnam

HW legislation
Basel Convention
Stockholm Convention
Amendments Signature Ratification Signature Ratification
Year
Year
Year
Year
Year
Year
1996
1998/1999
1990
1991
2001
2004
1989
1989
(1997)
1968
1990
1992
1994

2000
1999
1997
1996
1997
1999

1990

1990

1992
1993
1994
1996
1992
1997
1995

2002
2002
2001
2001
2001
2002
2001

2002

Until clear definition of hazardous waste categories were given and the transboundary waste
“exchange” controlled, developing countries all over the world were abused as sinks of the
industrialised countries. One example of hazardous waste import and export in Malaysia during
the 1990s is presented in Figure 8.3. The graph clearly shows that the country imported
hazardous waste an order of 1,000 times higher than it exported. With further amendments to the
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Basel Convention, these kinds of imports have diminished. However, novel hazardous items like
e-wastes (see section 8.6) are now emerging and flooding the market.
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Figure 8. 3: Import and export of hazardous waste Malaysia 1994 – 2003 (Fariz, et al,
2004).
Most Asian countries have a multi-level parallel system of domestic, industrial, agricultural, and
healthcare waste, which is driven by particular interests and creates additional barriers. For
example, in Thailand, the Ministries of Industry, Interior, Agriculture and Public Health regulate
their own sector, the Ministry of Environment has only an advisory function and the affiliated
Pollution Control Department has a partial control function. This makes handling of hazardous
substances or wastes sometimes an unmanageable task. Such a structure is prevalent and
somewhat bureaucratic, and emphasis correctness in following rules rather than goal
achievement.
Generally speaking, government departments are divided into several agencies responsible for
similar programs, and each agency reports to a different political party. This has resulted in
inefficiency and uncoordinated problem-solving efforts for not only infrastructural but also
environmental and occupational health problems. The “Implementation of a System for Safe
Transport and Handling of Dangerous Goods” (GTZ 2004) in Thailand serves as an example to
illustrate the coordination efforts of ministries and departments involved, excluding issues of
transport, trans-shipment, storage and handling which still need to be solved. Figure 8.4 shows
the organisational structure of the parties involved in consultations about safe transport of
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dangerous goods. As a result of the complexity, it took about 5 years to agree to a regulation and
to reach a final conclusion.

Implementation of a system for the
Safe Transport and Handling of Dangerous Goods in Thailand
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Additional Major Involvements

Figure 8. 4: Parties involved in consultations about safe transport of dangerous goods.
Countries like Malaysia and Thailand have been actively regulating hazardous waste
management and have joined in international conventions and treaties related to hazardous waste
and substances for quite some time; however, they still have a long way before they have a
sound and comprehensive system in place. Stringent enforcement of the given legislation is at
the moment one of the crucial issues that will decide the success of future efforts.
Inadequate supervision and enforcement of regulations has led to various problems in the
treatment cycle from waste collection, storage and operation of facilities. Authorities have come
to recognise that it is imperative to build up a supervision system for the treatment of hazardous
waste. No government has resources to inspect every waste generator frequently enough to
detect potential violations. Instead, the regulatory system must have credibility by making the
pending threat of enforcement real so that the majority of the regulated companies comply with
the legal environmental requirements. This raises basic questions of governance and the legal
and political culture of a country, which are far beyond this contribution (UNEP ISWA, 2002).
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Meanwhile, it has been recognised that regulations clearly emphasise proper management of
hazardous waste from the moment that the waste is generated until its ultimate disposal (i.e.
"cradle to grave"). Its two key elements - tracking and permit - have to be launched in many
more Asian countries to prevent any inappropriate hazardous waste management actions. This
will help to control the import of hazardous wastes. Furthermore, the transportation of hazardous
goods carries an incalculable risk which can be reduced with suitable labelling of the goods
being shipped. In cases of emergency, such labels and records will not only help tracking but
also avoid dangers to public health and safety (provided that trained staff are available).
Some Asian countries have not planned on introducing record keeping and reporting systems
(manifests). In some pilot areas, China applies the manifest system with several carbon copies,
while Thailand has been considering using high-tech devices to control at least the transportation
process. Handling of hazardous substances and wastes is widely regulated and licensed;
however, compliance with rules and regulations is another matter.
8.4.2

Economics and Techniques

No Liability-Compensation Systems
Having a regulatory scheme is in place and finding the capacity to treat and dispose of hazardous
waste will still make it costly to erect, operate and maintain a comprehensive hazardous waste
facility system. Although the “polluter pays” principle is widely known in the Asian region and
is even being introduced in some countries (but not always applied), the liability to pay charges
for services has not been well accepted. Public services like solid waste and wastewater
management and even water supply have been strongly subsidised for a long time, and no cost
covering has been implemented so far. This fact creates a mind-setting that there should be no
liability for the consumer/polluters principle, which makes the establishment of a hazardous
waste management system with enforced delivery nearly impossible. This is another reason why
some of the facilities work beyond capacity, especially in countries with weak legal and
enforcements regimes.
Accordingly, financing of suitable facilities is risky and undermines the paramount prevention of
illegal dumping. Changes are on their way, like in China, where the once totally government
funded service industry has been recently allowed to charge its user. For the introduction of a
hazardous waste management system, it is a fundamental question as to what degree a
government will participate and get involved in the business. Asian countries have applied
mainly two approaches, namely sole private financing and mixed public/private systems.
Subsidising is not favoured, and a more market driven approach is pursued (with all the
weaknesses of ineffective enforcement).
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Disposal Facilities
Presently, there are very few comprehensive centralised treatment facilities for hazardous waste
in Asia, and cover only a specific region and are far from servicing the whole country. Most
existing hazardous waste treatment facilities are inadequate, both in terms of treatment capacity
and level of technology (Mutz et al., 2000). Efficiency and management are also far from
satisfactory. It is reported that the disposal rate of industrial hazardous waste is only between
20-50%. Most of the hazardous waste receives limited initial treatment, and is then typically
dumped in municipal landfills with no further treatment. Therefore, expediting the establishment
of hazardous waste treatment facilities should be a priority. Nevertheless, there are some
facilities which can be considered as successful examples. A selection is presented in section
8.4.4.
Appropriate Technology
Comprehensive centralised treatment facilities that have an area-wide coverage are wishful
thinking in most Asian countries. Due to the limitations and restriction mentioned before,
resources are lacking and the realisation is beyond the capacity of most Asian countries.
According to an official statement and construction plan in 2001, China would have to invest
about € 1.5 billion to supply every province and autonomous region with a disposal complex for
industrial wastes and a storehouse for radioactive wastes. In addition, 300 cities are required to
set up collection and disposal centres for medical wastes, while industrial centres should
establish their own system. All this means that China needs to invest an enormous amount of
resources to finance these endeavours. Compared to other countries, China is in a more
favourable position. At present, neither the capabilities to finance nor operate such facilities are
available for most developing and newly industrialised countries.
Secure landfills, physical-chemical treatment and combustion technologies are on top of the
agenda; however, alternatives are most sought after which need to run in parallel to the
introduction of a sound solid waste management system. During a transitional phase, facilities
should be jointly used whenever feasible and suitable. Engineered landfills can be upgraded for
co-disposal and to receive a certain portion of inorganic and/or solid waste provided that sound
landfill management practice is in place. Further alternatives could be the modification of
industrial equipment like cement kilns or fluidised bed power plants to accept high calorific
liquid and solid wastes for co-combustion with (minor) improvements in the flue gas cleaning
stage. With further developments, it is important not to lose sight of a comprehensive facility,
exclusively designed for hazardous waste management.
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8.4.3

Management of Specific Hazardous Waste Fractions

Domestic Hazardous Waste and Awareness
The great variety of hazardous waste mixed with domestic waste is an issue which consumers are
unaware of in most Asian countries. A positive attitude towards ordinary solid waste is often
lacking, and littering is common place. Creating awareness when even basic MSW collection
does not exist or work will be a difficult task. However, the amount of hazardous material in
household waste cannot be ignored. The main fractions are batteries and fluorescent lamps. In
China, 6 billion used dry batteries are disposed of each year, among which are 1.2 billion
batteries containing above 0.025% mercury. In addition, the country produces 100-200 million
used cadmium-nickel cells, 25 million lead–acid cells, and 420 million fluorescent lamps
(containing 12.6 ton mercury) each year. The sheer mass calls for separate collection and
treatment, but this is not available, and the topic of domestic hazardous waste is only tackled in a
few cases.
Normally, domestic hazardous waste is dumped together with MSW. Even attempts by the
Bangkok Metropolitan Administration, which launched special red and grey bins (2000 in
number) for hazardous waste disposal years ago, were unsuccessful because few residents knew
about them or where to find them. A study in 2002 by Administration found that only 84 kg of
the estimated 27,500 kg of the generated hazardous waste was collected in those bins a day. The
city is launching a hazardous waste disposal campaign to mark Thai Environment Day, but
failure is already predicted as nobody has been informed or trained. Awareness concerning
hazardous waste on a household level is missing, and more information and awareness
campaigns are needed to separate the MSW from its hazardous supplement. This is of minor
priority compared to the industrial wastes, but all citizens need to comply with hazardous waste
regulations and for consumers to demand producer responsibility not to use hazardous
substances.
Healthcare Waste Management
Another issue of even greater relevance but was overlooked in many countries until the
aftermath of epidemics like HIV-AIDS and SARS is healthcare waste, more precisely the
infectious portion of it. Solid and liquid healthcare wastes are produced during the diagnosis,
monitoring, treatment, prevention of diseases and alleviation of ailments in humans and animals,
together with research-related activities. They also include the development and manufacture of
healthcare products and the production, segregation, transport, treatment and disposal of
healthcare waste. Only part of this waste is infectious. Pathogen-bearing solid waste and all other
sorts of waste of an infectious or chemical/toxic character having the potential for polluting air,
soil or water, became subjects of attention in relation to their hazardous effects on humans and
on the environment and the very virulent risk of spreading diseases in densely populated areas
(Zhang, 2004).
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Infectious hospital waste received hardly any attention from healthcare professionals and
government agencies concerned with waste handling and waste disposal. The alarming,
unaesthetic aspects of carelessly dumped healthcare waste led to confusing conclusions
regarding its hazardous characteristics. Fear and disgust over the type of waste and its method of
disposal arose among the general public. Blood and discharge-smeared objects are of great
public concern. Careless handling and disposal of body parts from surgery and pathology
offended people's ethical feelings. The quantities of infectious waste from the healthcare sector
have been growing in the last decade, in particular in the Asian region, as a result of the increase
in the amounts and types of (disposable) medical devices and further artificial healthcare
materials (Table 8.3). Not only have these developments influenced the costs of waste disposal
negatively, but they have also been increasingly harmful to the environment (Akter et al., 2002).
Table 8. 3: Healthcare waste generation in some selected countries.

China
India
Malaysia
Sri Lanka
Thailand
Vietnam*

Health care waste generation
Number of beds
infectious
tons/year kg/bed day
%
1000
3,135,000
700,000
0.6 - 0.8
20 - 24
1 - 2*
'4.750
200,000
'7,300

0.1 - 0.4
0.4 - 4.5
0.6 - 4.6

Remarks

Estimation

20 - 30
'53,750
15 - 25
132,000
10
Hanoi only (2.6 Mio inhabitants)

Due to specific concern about the recent threats by Hepatitis B, HIV-AIDS, SARS and bird-flu,
Asian countries are taking measures to fight the problem by segregating infectious waste and
treating it in an appropriate way. More details are given in Section 8.4.4.
Obsolete Agro-chemicals
Despite booming industrialisation, agriculture is the backbone of most Asian countries. Due to
the climatic tropical and subtropical conditions, agricultural and vector pests flourish both in
diversity and numbers. Migratory pests inflict untold damage to agriculture so that pesticides are
aggressively advertised and applied. The farmers have been led to believe that the only
alternative to combating agricultural pests effectively is by using pesticides, and the more the
better (FAO, 2004). As there are two or more harvests in a year, the pesticides and their residues
accumulate. In some cases, less developed countries like Cambodia can be the sink for worldwide banned and outdated chemicals. The obsolete, unwanted and banned pesticides and
persistent organic pollutants (POPs) are serious environmental hazards. The level of such
pesticides in developing countries is increasing, and most are left holding large stocks.
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In most cases, these pesticides are in excess and can no longer be used because they have
deteriorated as a result of prolonged storage, or because their use has been banned while they
were still in store. These chemical leftovers are affecting not only a nation's agriculture and its
environment, but fundamentally the health of its people and consequently development in
general. Responsible government offices have to recognise the importance of preventive
measures and install prevention programmes aimed at raising stakeholder awareness and
preparing the way for efficient pesticide management. Urgent action has to be taken to dispose of
obsolete pesticides in a safe and environmentally acceptable manner.
8.4.4

Case Studies

The following Thai case studies highlight various aspects of hazardous waste management in
Asia. Based on individual approaches, a comparison with experiences gained and methods
applied in other countries (Malaysia and China) is presented. The case studies summarise the
role of private companies in the recycling of specific waste that are of reasonable value, review
the licensing of hazardous waste treatment and appraise the healthcare waste management
system.
Waste Solvent Recycling by a Private Thai Company
Founded in 1997, the private Recycling Engineering Company recovers waste chemical solvents.
The company has undergone its own improvement and development of all concerned recycling
regulations and activities. In the kick-off phase, which was only promotionally supported by the
Thai Board of Investment (BOI), the company set up the Environmental Impact Assessment
Report (EIA) according to the requirement of the Ministry of Industry. It also officially acquired
the Factory Certificate No. 101 for the treatment of used chemicals and chemical waste by
recycling and improving its quality (Sack 2003). Since the recycle business is considered as a
new venture in Thailand, the company has been building up public awareness and confidence in
the feasibility of recycling and disposing of waste material without any environmental side
effects. The services cover areas such as the:
•
•
•

introduction and advising of waste collecting system for used chemicals;
training in effective and efficient methods of waste material disposal;
improvement and development of recycled products to replace raw materials.

The company operates on its own: it buys and sells the solvents, and performs specific recycling
on behalf of its clients. With the latest recycle technology and equipment, they are able to
recycle chemical solvent and petrochemicals with boiling points of up to 300°C (Figure 8.5).
Quality control and quality assurance are the most important factors in their recycling business.
In order to achieve a quality level similar to raw materials, they have installed various kinds of
202

analytical instruments to analyse purity, ion contamination, pH value, water content and many
other determinands. In 2003, they had a throughput of more than 50,000 tonnes, and reached the
highest purity standards required in the electronic industries.
The company’s own transportation system has been developed to maintain the highest safety
standards, and complies with Thai government requirements and regulations to provide a
transportation manifest. Five indoor storage facilities, covering 3,300 m2, can store up to 2,500
tonnes of used chemicals. The warehouse’s floor is designed to cover any leakage and spillage
problem with gutters and reservoirs. The wastewater treatment system is operated as a closed
system. Treated wastewater is stored, and only after testing and fulfilling all quality criteria is its
discharge into the receiving water body permitted.

Used solvent

Primary
filtration

Client

Sedimentation

Distillation

Recycled
solvent

Fine
filtration

Cement kiln

Quality improving
process

Residues

Figure 8. 5: Solvent recycling.

Licensed Industrial Hazardous Waste Management
Due to the obvious deterioration in the environment and the risks to public safety by industrial
waste, the Royal Thai Ministry of Industry invited private sector companies in the early 1990s to
submit proposals to set up effective industrial waste treatment facilities in partnership with the
government. In 1994, the Cabinet approved the Ministry of Industry’s request to take 25% equity
interest in General Environmental Conservation Co. Ltd. (GENCO, 2005). Shares were
distributed by 76.43% to the private sector, 2.14% to the state-owned Industrial Estate Authority
of Thailand, and 21.43% to the Ministry of Industry. In implementing GENCO, the company
used the technology and capabilities of Waste Management International Plc. (WMI) USA.
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In April 1996, GENCO was awarded a ten years operating contract for the government-owned
Samaedum and Ratchaburi Industrial Waste Treatment Facilities. In May 1997, GENCO opened
its Maptaphut Industrial Waste Treatment Facility at Map Ta Phut Industrial Estate, Rayong. At
the moment GENCO is the sole licensed operator of hazardous waste facilities in Thailand. One
of the hazardous waste centres is the Samaedum facility, which was initially constructed by the
Department of Industry and completed in 1989. The solid or sludge is sent to landfill in
Ratchaburi centre. The main treatment processes include physical-chemical treatment of
wastewater and sludges originating from the treatment of electro plating and textile dyeing
industries, stabilisation and solidification of sludge and subsequent landfilling. The wastewater
treatment capacity of this centre from metal plating is 200 m³/day and for sludge treatment, 100
tonnes/day. From the current input data, the amount of the treated waste is much lower than the
facility’s capacity.
Services offered by Maptaphut GENCO include collection, transportation, treatment, and
disposal, as well as consultation for its reuse. Its waste capacity is 500-1,000 tonnes/day. The
wastes include metals, vehicles, electronics, crude oil and petrochemicals. The processing
comprises physical-chemical treatment, fuel blending, stabilisation, solidification and final
disposal. Table 8.4 summarises the operations at Samaedum and Maptaphut.
GENCO provides complete transportation service for its customers, and the vehicles are
designed for specific waste applications. Drivers are specially trained in personal and
environmental safety, and all of the vehicles are equipped with specialised emergency spill
response kits. The laboratory at the facility is a key controller for the entire waste treatment
operation, and performs acceptance tests, fingerprint tests, treatability studies, process quality
control and environmental monitoring. According to official statements, the facility operated far
below capacity at only 20-40% between 1997-2000. One reason is the non-existing recordkeeping and a lack of strict controls and obligations to deliver the listed wastes to the facilities.
Similar but somehow more successful approaches with commercial, licensed operators of
hazardous waste management facilities can be found in Malaysia and China. In Malaysia,
privatisation of hazardous waste management started straight after the Malaysian government
issued and began to enforce hazardous waste regulations in 1989. Malaysia insisted that the
facility be financed by private capital, and as a result it had less control over it when the facility
was built. The Danish-Malay consortiums, Kualiti Alama (KA), acquired a licence to serve the
Malayan peninsula, and built an integrated hazardous waste facility comprising chemicalphysical treatment, incineration, solidification and secure landfill. The first HWM facility
opened in 1997/8, nearly a decade after the regulations were enforced. The Integrated Toxic and
Hazardous Waste Management Centre is located at Bukit Nanas, Seremban, Negeri Sembilan.
The centre includes secure landfills, a treatment plant and a laboratory to analyse wastes. KA’s
main task is to treat the toxic and hazardous waste, and dispose of the treated wastes to a secure
landfill. Due to its function and services, KA did not conduct resource recovery or recycling.
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Table 8. 4: Waste accepted at Samaedum and Mapthaphut facility, Thailand (GENCO
2005).
Samaedum plant
Physical-Chemical
Treatment
Electroplating wastewater
Dyeing wastewater
Boiler cleaning water
Acids
Alkalis
Cyanide wastes

Maptaphut plant
Fuel Blending
Oily wastes
Tank bottoms
MARPOL wastes
Spent solvent
Paint wastes
High oil content soil
Used lube oil
Spent or expired organics
Thinners
Cleaning solvents
Expired chemicals

Samaedum and
Maptaphut plant
Stabilization and
Landfilling
Metal hydroxide filter cake
PCB scraps
Contaminated soil
Dry paint scraps
Contaminated packaging
Incinerator bottom ash
Glass powder wastes
Fluorescent wastes
Spent batteries
Used alumina gel
Asbestos wastes
Spray drying residues
Carbon from scrubbers
Spent catalyst
Chrome sludge
Wastewater sludge

KA is able to handle all 107 categories of hazardous waste listed in the Environmental Quality
(scheduled waste) Regulations of 1989. It has a processing capacity of 80,000 tonnes/year, and
by 2002, had treated 300,000 tonnes. KA has about 2,000 clients, which are forced by law to
deliver the listed waste to the plant at a relatively high price of €100/ton for simple landfilling,
€170-770/ton for incineration and €300-830/ton for physical-chemical treatment. Despite these
prohibitive prices, hazardous waste is collected and processed on a large scale with the support
of a waste declaration system. The incineration capacity is set to increase by 2005 (Fariz et al.,
2004).
China is currently introducing a regulation to license hazardous wastes treatment businesses. The
regulation raises standards to enter the hazardous wastes treatment industry and makes two
categories of licenses: one permits collection only and the other collection, storage and disposal.
A number of cities and their industrial zones have been selected to serve as national
demonstration centres for the rest of the country prior to a nation-wide introduction of
comprehensive treatment facilities by 2005. Hangzhou’s Dadi Environmental Technology
Company (DADI) has a monopoly (for a limited time) over the area comprising both licences
and strong support with a tightly controlled manifest system. As a result, the integrated facility is
due to increase its capacity (Schellhaas, 2005).
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These examples of private licensed facilities show that a near 100% collection rate can only be
achieved if control mechanisms from the cradle to the grave are in place, and that a Government
must not be a business partner or share holder. This may cause a conflict of interest; however, it
could also bring about more interest in the economics of hazardous waste management,
especially if high treatment costs have to be subsidised to guarantee work up to capacity and to
guarantee the best collection coverage. From a technical point of view, only comprehensive
treatment facilities are in a position to accept the wide variety of hazardous wastes: any
limitations might cause confusion and limit acceptance.
Healthcare Waste, Thailand
The Department of Health (DOH), an agency under the Ministry of Public Health (MOPH), is
responsible for infectious waste management according to the Act of Legislation of Public
Health 1992. During the past few years, the DOH published several manuals on healthcare waste
management in hospitals with more than 100 beds and for smaller size hospitals (30 to 100
beds). These manuals are cited by the WHO, and are used as an appropriate example for the
correct handling of healthcare waste. The basic requirements for the storage, collection, transfer
and disposal of healthcare waste are summarised below (Akter, 2003).
Storage
• According to the characteristics of the infectious waste, an appropriate container must
be selected. A stable box or bin must be used for sharps, but bags are sufficient for
non-sharps. The containers must be red in colour and marked as “Infectious Waste” and
“Do Not Open”;
• A separate room for waste storage should be allocated. It must be spacious enough to
retain at least a 2-days worth of waste. This room should be clearly marked as
“Infectious Storage Place”;
• If the waste has to be stored for more than 7 days, it has to be kept in a temperature
controlled room at 10°C or less;
Collection
• The waste must be immediately collected at the place of generation and not
commingled with other waste. In cases where the waste cannot be collected
immediately, it must not be stored in one place for longer than one day;
Transfer
• For the transfer of containers, a trained officer who is accountable must be present. The
officer must wear protective clothing. The transfer route and time schedule should be
fixed.
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• The operational unit (Local Government Agency/ Assigned Agency/ Business Unit)
must have transport vehicles, waste storage areas and parking areas for the vehicles,
and be responsible for training the driver and officer on duty;
• The workers should all wear protective clothing;
• The vehicles must have a closed body and have durable, easy-to-clean inner walls. If a
vehicle is used to transfer waste which has been stored for longer than 7 days, it must
have temperature control capabilities. A protection and communication tool must also
be provided. The vehicle must also be marked in red letters with the phrase “Used For
Transferring Infectious Waste Only”.
Disposal
• The operational unit must provide a waste storage place for keeping waste before final
disposal. The waste should be disposed of within 30 days starting from the day of
collection at source;
• Waste disposal workers must be trained and wear protective clothing during work;
• If incineration is used for disposing of the waste, a 2-chamber incinerator is required.
The temperature of the primary chamber should not be lower than 760°C, and the
exhaust gas should be processed in the secondary chamber at temperatures not lower
than 1,000°C. The emitted flue gas must be monitored to fulfil the relevant emission
standards;
• If a method other than incineration is applied, it should be able to fulfil biological
standards, i.e. destroy bacteria, fungi, viruses and parasites;
• Healthcare waste treated by these methods can be subsequently handled like common
solid waste.
For hospitals with more than 100 beds, it is obligatory to operate a furnace for the incineration of
infectious waste. In June 1998, about 86% of hospitals had an incinerator installed. Most of the
hospitals used a stand-alone system with a standardised throughput and a minimum of exhaustgas cleaning. Most of these facilities were installed during the last decade. Because they had not
been performing well, and very often the operation of these facilities proved to be too expensive,
the DOH established a more centralised approach.
Waste management was the responsibility of local government agencies, but the capabilities of
almost all of these agencies were not effective enough to handle the infectious waste. Therefore,
MOPH set up a programme for a central infectious waste management process. Basic
disinfection is carried out where hospitals in provincial areas do not have on-site incinerators.
The efficiency of these incinerators are rated very low, and a lot of mixed healthcare waste is
disposed of at landfills (Figure 8.6), creating a risk to personnel, as well as the scavengers at the
landfill.
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Figure 8. 6: Composition of mixed healthcare waste delivered to a landfill site.
CaseStudy: Bangkok Metropolitan Administration
The Department of Public Cleansing (DPC) of the Bangkok Metropolitan Administration (BMA)
is responsible for planning and implementing the work of public sanitation and disposal of solid
waste. Since 1988, DPC has been separating infectious waste from municipal waste during
collection, transportation and disposal. DPC has facilities to collect infectious waste from
hospitals (government, state enterprise and private sector), public health service centres and
private clinics. Ten tonnes of infectious waste can be collected per day. All infectious wastes
collected are transported to the On-Nooch disposal site and incinerated there. Most of the big
hospitals in the BMA area have their own incinerator and do not participate in the BMA
collection system. The remaining hospitals and healthcare institutions still dispose of their
infectious waste together with MSW.
Infectious waste is sent to the privately owned Krungthep Thanakorn Company. It has been
operating a 2-line incinerator (capacity 20 tonnes/day) since June 1999. Other wastes are sent to
the landfill site along with MSW. Recently, BMA has employed another private contractor for
waste haulage and disposal into a sanitary landfill on their own land outside Bangkok. The ash
from the incineration is about 5-15% of the total weight of the input waste. From the data
collected, it was found that solid waste from hospitals and a small amount of waste from other
institutes (e.g. government office) is collected and mixed. From the BMA offices, infectious
wastes are sent to Krungthep Thanakorn for incineration.
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Lessons Learned from Healthcare Waste Management in Thailand
Incineration is a vital part of healthcare waste management. However, measures need to be
further developed. A proper source segregation program is absolutely necessary to reduce the
amount of waste incinerated. The decentralised approach of using a simple healthcare incinerator
should be replaced by more centralised facilities which can operate in a more environmentally
and economically efficient way (Tränkler and Akter, 2000).
Service Charges
In 2001, Hangzhou established a centralised healthcare waste disposal facility. After inspection
by the local environmental protection department, a company with an annual handling capacity
of 20,000 tonnes of wastes was licensed and approved by the pricing authorities. The company
charges a € 0.2 fee for each bed every day. At present, all the medical institutions in Hangzhou
are serviced. Since opening, the company has always been in the red mainly because hospitals do
not pay on time, if at all.
The State Environmental Protection Administration reported that in many places in China, fee
charging systems like those in Hangzhou are still not in place, and healthcare waste disposal
enterprises cannot get financial guarantees for daily operation. For this reason, medical waste
disposal fees are to be added onto medical treatment costs. Various favourable policies have
been devised, such as reducing and exempting their business tax, value added tax and income
tax, and reducing and exempting road toll and other related taxes for trucks for medical waste
transportation. These measures may stimulate the rapid growth of healthcare waste disposal
enterprises, and help them through the present difficulties of running at a loss (Tang, 2004).
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8.5 Comparison of the European and Asian Situation
8.5.1 Challenges in Europe
Underlying disparities across Europe in the approach to the management of hazardous waste
were harmonised by the European Hazardous Waste Directive 91/689/EC which sought to
provide a precise and uniform European-wide definition of hazardous wastes and to ensure its
regulation and correct management (Blenkharn, 2005). The classification of waste as hazardous
has considerable impact on determining how that waste is regulated, and thereby on the steps
required at all stages from initial disposal to final destruction. A detailed classification of wastes
based on composition and hazard is set out in the European Waste Catalogue 2000/532/EC
(EWC), an essential first step in the implementation of the Hazardous Waste Directive (HWD).
The cost and risk involved in the treatment, disposal and transportation of hazardous waste play
an important role in selecting and locating treatment and disposal facilities. To this regard, the
aim of the Waste Transport Directive is to regulate imports and exports of waste inside and
outside Europe. The Directive divides the waste into three lists, and sets priorities for each list:
Green List: free transport (only requires notification to government)
Orange List: limited transport
Red List:
transport strongly restricted
Hazardous waste belongs to the Red List and its transport falls under the principles of proximity
(waste has to be treated as close as possible to the place of production or collection) and selfsufficiency (every Member State or community is responsible of its own waste) (Dubois et al.,
2004).
One of the major shifts in European policy in recent times has been the recognition for the need
to minimise hazardous waste production, both by active reduction and recycling of wastes. Many
companies are now developing their own strategies of waste minimisation in response to the
legislation, which forces industry to reduce levels of waste substances.
European Council Directive 91/689/EEC (or HWD) sets the framework within Member States of
the European Community for provisions to control the movement hazardous wastes. The aim of
the HWD is to provide a precise and uniform European-wide definition of hazardous waste and
to ensure the correct management and regulation of such waste. The HWD defines hazardous
waste as one which features on a list drawn up by the European Commission which possesses
one or more of the hazardous properties set out in the HWD. In 1994, a list of all wastes,
hazardous or otherwise, was produced pursuant to the Waste Framework Directive 75/442/EEC
(amended by Directive 91/156/EEC). This list was known as the European Waste Catalogue
(EWC 1994). The EU then identified which of the wastes on EWC 1994 were deemed to be
hazardous, based on the properties set out in the HWD. The resulting list of wastes was called
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the Hazardous Waste List (HWL) and was the list defining hazardous waste required by the
HWD. The EWC 1994 and HWL have been updated, combined and significantly extended.
The need for an appropriate treatment and disposal strategy emerged from experimental data and
from the increasing trend of industrial waste production. In Europe, people realised the need for
an integrated management system as an answer to the industrial waste problem (Morselli et al.,
2002). In order for recovery, recycling and reuse to become a real solution, economic, technical
and environmental premises are required. There is a need for a market ready to accept these
products and a range of technical methodologies able to intervene in industrial processes and
waste production.
Among waste disposal methods, waste-to-energy is the one mostly adopted. In incinerator plants,
high temperature oxidation occurs and molecules undergo thermal decomposition, resulting in
the production of polluting organic compounds, waste volume reduction and energy recovery.
Adaptation of waste-to-energy technology into cement kilns and conglomeration into cement
matrixes have also resulted in waste volume reduction, valuable material production and a
number of advantages in terms of savings (both economic and resources) and environmental
preservation.
Europe produced between 27 and 43 million tonnes of hazardous waste per year in the mid1990s. Since then, the overall quantities have changed dramatically in some areas. For example,
there has been a 62% increase in Austria and a 57% decrease in Denmark. Germany is one of the
largest producers of hazardous waste in Europe. As a whole, Europe sends nearly half of its
hazardous waste to landfill. Unlike England and Wales, certain European countries incinerate
much of their hazardous waste. Several European countries report recovery rates in excess of
40% (Environmental Agency, 2004). A reduction in hazardous waste quantities in Germany and
in some other European countries has been apparent over the last few years. This is mainly due
to changes in declaration and an increase in recycling, reuse and recovery of the calorific value
of certain waste fractions (Prognos, 2003).
Hazardous waste generation in Europe is dominated by 20 main categories that cover 75% of the
total quantity of hazardous waste generated. The remaining 25% is distributed among a
multitude of small fractions. The industrial structure is considered as one factor in explaining the
differences and the variety. Significant variations exist between manufacturing industries, energy
production plants and waste incineration activities. The contribution from the manufacturing
industry from one country to the next varies between 30-80% of the total hazardous waste
generation. Accordingly, an analysis of the different hazardous waste generation paths requires
more details about the sources and types of waste as well as a more uniform definition of terms.
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8.5.2

Challenges in Asia

Defining hazardous waste is difficult, but the establishment of a proper management framework
in developing countries should not be delayed by debates about what constitutes a hazardous
waste. Pragmatic working definitions can be adopted initially and refined as the system is
developed. Many countries adopt an inclusive approach that specifies which wastes are to be
considered hazardous for regulatory purposes.
In the past thirty years, many developed countries have established effective hazardous waste
management programs. For the most part, these were fully operational by the end of the 1980s.
Subsequent laws and policies have focused mainly on encouraging waste minimisation and
recycling. During the past decade, some developing countries (particularly those that have
experienced rapid economic growth and industrialisation) have begun to consider ways of
developing and implementing strategies to ensure the proper disposal of hazardous waste. No
two countries share identical circumstances in terms of industrial policy, major industries,
geography and the nature of their hazardous waste problem as described below:
•
In India, the industrial sector has quadrupled in size during the last thirty years. The
main source of hazardous waste generation and impact on the environment is the chemical
industry. As per the Waste Management Rules (1989) and the Ministry of Environment and
Forests Guidelines (1991), hazardous waste generated by industries has to be disposed of in
secured landfills and the toxic organic fraction of the waste needs to be incinerated.
However, industries continue to store hazardous waste on their premises in improperly
designed facilities or dispose of the waste illegally at abandoned sites. This is largely
because of insufficient treatment and disposal facilities.
•
The Philippines is facing tremendous pressure from both the public and the
industrial sector to manage the ever-increasing amounts of toxic and hazardous waste.
Reduction, segregation and recycling at source are barely being implemented by the
industrial waste generators for different reasons: inadequacy of resources (manpower,
financial and technical), unavailability of recycling equipment/facilities and unsuitable
recycling processes for the type of hazardous waste generated.
•
In Malaysia in 1999, about 130,000 to 170,000 kg of hospital wastes were disposed
of monthly, mainly from government and private hospitals. Incineration and disposal of
incinerated ash to landfill is also the most common method adopted for the disposal of
hospital wastes. Incineration produces ash, a by-product that is enriched with heavy metals
and can leach into soil and groundwater. Stabilisation of incinerated hospital waste ash
using high temperature melting was been shown to produce a stable slag with a
composition exceeding 52% SiO2, 9.9% CaO and 8% Al2O3. The concentration of metals
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in the leachate from the slag was significantly lower than that from the ash (Idris and Saed,
2002).
An examination of the experiences of both developed and developing countries offers useful
insights about the evolution of hazardous waste management programs to other countries
embarking on a similar path.
The hazardous waste problem in Asia has dramatically worsened in recent years. For example,
Thailand is now a country with a high hazardous waste potential. Available data (Eamsakulrat,
1994) show that a significant amount of hazardous waste has been imported into Thailand in
various forms (e.g. raw materials). Such waste comes not only from developed countries but also
from developing countries. Thailand does not have an integrated legislative structure for the
control and management of hazardous waste. Hazardous waste management problems in
Thailand are not only due to a lack of responsible agencies: rather they are caused by a lack of
coordination among all the agencies concerned, insufficient personnel and budget allocation in
these agencies, an absence of integrated regulatory enforcement structure and a lack of political
will to tackle the problem. The lack of an integrated approach to the regulation and control of
industrial hazardous waste results in overlapping, and sometimes duplication, of the legal
authority and responsibility of government agencies.
Improper disposal of hazardous wastes is an increasing problem in many developing countries.
Proper management and disposal of hazardous wastes is expensive, and therefore illegal
dumping is common in many areas. There have been a number of cases of hazardous waste
export from countries with strict regulations to those without similar controls, resulting in serious
pollution problems to the receiving countries. This trade in hazardous wastes is now controlled
under the Basel Convention (the Global Convention of Hazardous Wastes, adopted at Basel in
1989). The convention also promotes the development of sound national management of
hazardous wastes as a prerequisite for the control of trans-boundary movements. The key
elements of the Convention include: waste minimisation, integrated life-cycle approach, cleaner
production, treatment close to the point of waste generation, prior written notification from the
exporting state to the importing state, and national reporting of hazardous waste.
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8.6 Summary and Future Prospects
Prior to attempting to tackle the hazardous waste challenges, the principle of avoidance should
be a primary objective, i.e. avoid the use of substances or processes which produce hazardous
substances or wastes. Alternatives should be sought, and whenever possible, cross contamination
should be avoided. All measures for a cleaner production process and all environmental
management methods should be applied to reduce the use and generation of hazardous
substances. Cleaner production processes have been introduced in Asia but need to be
strengthened in the future. They need to be accepted as a continuous internal process to meet set
targets.
A secondary objective should be to reduce the volume of waste with hazardous components or
convert hazardous to non-hazardous substances. Finally, isolating hazardous materials should be
the final priority.
The model of industrial estates/zones (in Thailand, Vietnam, Indonesia and China to name but a
few), especially the so-called eco-industrial estates, might serve as areas for introducing
mitigation measures to control and manage industrial waste. All factories located in an industrial
estate must be licensed. In order to grant the license, the production process, the use of hazardous
substances, and the estimated amount of sludge produced, including control and operational
methods, must be indicated. When the licence is granted, all factories must provide monthly
reports to Estate Authorities on the type and amount of industrial sludge. The Estate Authorities
then take over the services, and operate collection, disposal and treatment process. As a result,
the compounds are serviced and the industrial waste is processed in a controlled manner.
However, integrated approaches are important options for serving all waste producers (industrial,
agricultural, and domestic). Privately operated decentralised facilities linked to industrial estates
are further options which would help to ensure a viable hazardous waste management system.
More importantly, industry and government should jointly set goals on a mutual and voluntary
basis. For example, regarding EU-regulations hazardous waste must be disposed of and treated
safely by the end of 2008. To achieve this goal, the following specific objectives were put
forward by certain governmental bodies. Firstly, the annual amount of industrial hazardous waste
must be maintained at the 2000 level by means of cleaner production and industry-framework
adjustment. Any centralised treatment plants that are built must comply with international
standards. The management systems must involve cradle to the grave strategies including
declaration registers, transfer forms and licenses by the year 2008.
Newly industrialised countries in Asia are facing another kind of problem related to hazardous
waste: waste electric and electronic equipment (WEEE), otherwise known as e-wastes.
Traditionally, WEEE has been “exported” from industrialised countries to developing countries,
but nowadays, more and more is generated in Asia itself. Like China as a major global
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manufacturing and consumer powerhouse, many countries must consider how to manage
discarded electronics products and household appliances, a large proportion of which are filled
with toxic chemicals that pose a severe threat to the environment and sustainable economic
growth. Discussion on how to handle WEEE is ongoing and regulations will soon be in place in
China (status 2005). In a nutshell, this means that manufacturers of personal computers, TV sets,
mobile phones, DVD players, refrigerators and air-conditioners will be required to select
environmentally-friendly raw materials for their products and recycle discarded ones. China has
referred to the relevant requirements of the EU February 2003 Directive on WEEE and the
Directive on the Restriction of Using Certain Hazardous Substances in Electrical and Electronics
Equipment (RoHS) in order to ban the use of lead, mercury, cadmium, and chromium VI in
electrical and electronics products. The National Development and Reform Commission of
China has drafted a regulation on the recycling of WEEE, which is awaiting the final nod from
the State Council, China's cabinet. The commission forecasts that about 4 million refrigerators, 5
million washing machines and as many TV sets will be discarded in the next few years.
Beyond the national level, a regional framework on the “Environmentally Sound Management of
Electronic and Electrical Wastes” has been established in the Asian Pacific region in cooperation
with the Basel Convention Secretariat. This international cooperation is trying to establish
guidelines and regulations specifically for producers to diminish the content of hazardous
materials in their products.
It is assumed that the efficient and effective implementation of the Basel Convention would
ensure that hazardous electronic and electrical wastes are managed in an environmentally sound
manner. It should also provide the required transparency and traceability of e-wastes destined for
recycling or recovery. There is an urgent demand for a combination of developing international
resources recycling systems with a mechanism that is capable of providing information and
monitoring systems to ensure the accountability and low environmental impacts. This, however,
cannot be achieved without intensified efforts by the international community to help
(developing) countries to strengthen their capacity to implement the Basel Convention. The main
objectives of this initiative are to identify elements for a sound regional programme, and to adopt
practical solutions and recommendations in the Asian–Pacific region for an environmentally
sound e-waste management (Myslicki, 2005).
As this example on WEEE shows, hazardous waste management in Asia is rather a managerial
issue than a technical one. Basic requisites related to hazardous waste in particular but also to
other environmental issues should be in place e.g. having a single Government Agency
responsible for hazardous substances and wastes, working on the basis of: an unified National
Environmental Program where precise definition and standards regarding hazardous waste are
given; provisions of reporting system are considered; action plans to establish nationwide
facilities for treatment and disposal are in place; emergency plans are ready; and a programs for
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the clean-up of contaminated sites and obsolete hazardous substances have passed. Provided
these strategies are in place, hazardous waste should no longer be a matter of urgency.
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ENVIRONMENTAL
MANAGEMENT
9.1 Frame Conditions and Reasons
Environmental problems driven by development processes have expanded from a local and
regional scale to a global scale (Lee, 2000). Natural resources, including mineral ores and fossil
fuels, agricultural productivity, and the self-decontamination capacity of the natural environment
all have their limits. Irrational resource consumption, together with irresponsible environmental
pollution, resulting from the entire product life cycle (raw material acquisition, manufacturing,
use and disposal), are the main causes for exceeding the global environmental carrying capacity.
There is a growing concern that sustainable living may not be achievable. The world’s
population has increased by one and the half billion since 1970 (an increase of more than 40%),
the annual production of goods and services has nearly doubled, and average per capita income
in the world has increased by about 40% (Anderson & Blackhurst, 1992). This has promoted
expansion of urban areas and development of new urban centres to accommodate the increasing
population size. Demand for more resources is critical to sustain the growing need. These
include raw materials for producing energy and other primary products, environmental services
(clean air, potable water, filtered sunlight, natural foods and medicines), aesthetic and
recreational services (such as visiting or even just knowing of the existence of pristine
wilderness areas), and the capacity to absorb wastes.
Today, concerns about the environment have given rise to new realities. Markets and consumers
worldwide are increasingly demanding environmentally-friendly products, so that businesses
nowadays must place equal footing on the environment and their business objectives. There is
increasing evidence that environmental improvement is good business (Porter and Van der
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Linde, 1995). Thus, most business enterprises worldwide are undergoing rapid rearrangement for
the better and take unprecedented initiatives to voluntarily comply with environmental standards.
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9.2 Voluntary Approach and Tools for Environmental
Management
Application of the voluntary approach is very important for a shift in the paradigm of
stakeholders, especially in industries and business. There are many approaches and tools which
have been identified, and are able to support and drive the changes from an end-of-pipe and high
consumption approach towards a sustainable and environmentally-friendly approach. Examples
of voluntary approaches and tools or eco-management are summarised in Figure 9.1.

Waste Minimisation

Environmental
Impact
Assessment

Eco
Efficiency
Tools for
Environmental
Management
“Eco Management”

Eco design
intelligent

Industrial
ecology

ISO 14000
Series of
standards

Design for
Environment

Environmental
Management
System

Eco
Labelling

Supply chain
management as
green marketing

Life Cycle
Approach

Environmental
Performance
Evaluation

Eco
Auditing

Figure 9. 1: Voluntary approaches and tools for environmental management.
Essentially, the firms must accept responsibility for environmental impacts of their businesses
which were once regarded as incidental externalities. They must move from an environmental
management system that focuses on clean up and control to one that embraces avoidance.
Treading the path towards “natural capitalism” requires information on how to increase
efficiency in terms of energy and materials used with the objective of improving environmental
performance. Both technical (e.g. materials substitution, zero emission technologies, clean
energy) and institutional (e.g. financial, regulatory, legal, geographical strategies) information on
how to implement and measure progress of environmental management practices are also
needed. Many of the striking advancements in improving environmental performance come from
using nature as a guide. Approaches such as corporate environmental strategies have also
evolved to include decision-making tools i.e. the conventional approaches encompasses
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environmental impact assessment (EIA) and waste minimisation, or more recent initiatives (ecoefficiency, eco-auditing, supply chain management and green marketing, and eco-labels). The
more comprehensive approaches are the life-cycle assessment (LCA) and design for environment
(DFE).
9.2.1

Waste Minimisation

Waste minimization has been subject to a whole host of international interest in terms of
legislation and regulations since the mid 1980s. There are two central waste strategies that
companies can adopt in their pursuit for a greener waste minimisation policy. The first is to deal
with the waste after it has been generated and to mitigate its effects on the environment. The
second is to minimise the amount of waste generated in the first place, thereby reducing the
amount of mitigation required at the end of the pipe. Even when financial returns are not
immediate, most waste minimisation exercises are as cost-effective as treatment or disposal. The
dividends of a prevention strategy as opposed to an end-of-pipe approach to waste management
are summarized as in Table 9.1.
Table 9. 1: Advantages of a prevention strategy as opposed to an end-of-pipe approach to
waste management.
Reduced
•
•
•
•
•
•

9.2.2

Production costs
On-site waste monitoring and treatment
costs
Raw material costs
Energy and water consumption costs
Long-term environmental liability and
insurance costs
Risk of spills and accidents

Improved
•
•
•
•

Operational safety
Income through the sale of reusable
waste
Safety
Company image in the eyes of
shareholders and other stakeholders

Eco-Efficiency

In its report published in June 1992, the Earth Summit (United Nations Conference on
Environment and Development: UNCED) held in Rio de Janeiro, and the Business Council for
Sustainable Development (BSCD, now the WBCSD) introduced and promoted the concept of
eco-efficiency. It defined eco-efficiency in terms of the delivery of competitively priced goods
and services designed to satisfy human needs and enhance the quality of life while ‘progressively
reducing environmental impacts and resource intensity throughout the entire life cycle’. In
addition, a life-cycle and system approach is regarded as necessary to bring human economic
activity in line with the earth’s estimated carrying capacity (Awang et al., 1998). The BCSD
advocated progress towards eco-efficiency through seven key routes (Hassan et al., 1999):
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•
•
•
•
•
•
•
9.2.3

Minimisation of the material intensity of goods and services;
Minimisation of energy intensity of goods and services;
Elimination of toxic dispersion;
Enhancement of material recyclables;
Maximisation of sustainable use of renewable resources;
Extension of product durability;
Increase the service intensity of goods and services.

Ecological Design Intelligence

Orr (1994) defines ecological design intelligence as the capacity to understand the ecological
context in which humans live, to recognise environmental limits and to get the scale of things
right. It is the ability to marry human needs to natural constraints, and to do so with sensitivity
and economy. Fundamentally, at its heart, ecological design intelligence is motivated by an
ethical view of the world order and our obligations towards it. It often requires good sense and
moral energy to decline to do certain things and, for some, profits.
9.2.4

Eco-Auditing

The environmental audit evolved from regulatory and customer pressure to quantify, analyse,
measure and disclose a company’s environmental performance. It provides an in-depth analysis
of performance measurements and targets, offering a managerial approach to strategically deal
with environmental issues, primarily to meet legislative requirements. Environmental auditing is
the evaluation of a site, plant, production or process in relation to the laws, regulations, policies
and good practices that directly or indirectly affect the environment. It is used to compile and
report all pertinent information related to the environment, as well as occupational health and
safety where appropriate. Eco-auditing attempts to consider environmental performance from a
holistic angle. Rather than viewing green issues as purely a risk management issue, ecological
auditing measures and analyses all aspects of company policy and operations with respect to
their environmental impact and consequences.
9.2.5

Supply Chain Management and Green Marketing

Growing consumer awareness towards environmentally-friendly products in the early 1980s
promoted green marketing and supply chain management. More companies increased their
investment to improve their environmental performance and to produce green products. Charter
(1992) considers at least seven aspects of green marketing which are: price, product, promotions,
place, people, process and physical evidence. In addition, full-costs accounting, packaging,
advertising and claims, eco-labelling, transport, personnel, and employee commitment,
awareness and training are essential elements in progressive green marketing. For a green
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marketing strategy to be successful, it is absolutely necessary for it to be backed up by concrete
evidence that is controlled through proper eco-labelling practices.
9.2.6

Environmental Management Systems (EMS) Series of Standards (ISO 14000)

The development of international standards for environmental management is a response not
only to the increasing responsibility assumed by industries for the environment worldwide, but
also towards sustainable industrial development to the growing demand of the market-place for
"green" products and services. This is as a result of high awareness among consumers about
various environmental issues at both local and global levels. The ISO 14000 series of standards
were developed based on the following principles:
•
•
•
•
•
•
•

The standards must result in better environmental management;
They must be applicable in all nations;
They should promote the broad interests of the public and the users of the
standards;
They should be cost-affective, non-prescriptive and flexible to allow them to meet
the differing needs of organisations of any size worldwide;
They should be amenable to both internal and external verification;
They should be scientifically based;
Above all, they should be practical, useful and useable.

All organisations can expect EMS to enhance their competitiveness in at least two major ways.
Firstly, EMS provides a more comprehensive management framework to help them re-examine
their process to enable them to become more resource efficient and less polluting, thus leading to
cost savings in the long run. Secondly, adoption of EMS gives a clear signal to consumers that
the company is an environmentally responsible organisation. It will improve the company’s
corporate image and competitive advantage in the international market, especially in markets
where consumers place much importance on environmental attributes of the product. Other types
of benefits include:
•
•
•
•

Complying with legislation in an efficient and systematic manner;
Promoting self-regulation;
Minimising environmental risk and liabilities;
Above all, provides continual environmental improvement.

To support the EMS, there are important standards which must be met, as described in the
sections below.
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Design for Environment
Design for Environment (DfE) integrates environmental aspects or environmental considerations
into the product development. The choices designers make during the development of a new or
improved product will have an influence on the environmental impacts during each stage of a
product’s life cycle – from acquiring the materials to manufacturing, use, reuse and ultimately to
the product’s final disposal (Canadian Standard Association, 1995; Hassan et al., 1999). The
strategies for evolution towards sustainability are depicted in Figure 9.2 (Storen, 1998).
Accordingly, in the design stage, the following criteria may be integrated:
•
•
•
•

Design mono-materially;
Choose of materials that are compatible with existing recycling channels;
Plan for future material separation;
Consider the recovery and disposal at the end of the product’s life.

According to Crittenden and Kolaczkowski (1995), among the positive results from the
application of DfE has been the replacement, substitution or reduction of:
•
•
•
•
•
•
•
•
•

chlorinated solvents in cleaning and degreasing operations by non-chlorinated
solvents, water and alkaline solutions;
chemical biocides by alternatives, such as ozone;
solvent-based paints, inks and adhesive formulations with water-based materials.
reduction of phosphorous in wastewater by reduction in use of phosphate
containing chemicals;
replacement of hexavalent chromium salts by trivalent chromium salts in plating
operations;
replacement of solvent-based developing systems by a water-based systems in the
manufacturing of printed circuit board;
replacement of cyanide plating baths with less toxic alternatives;
production of a more durable coatings to increase coating life; and
an increase in the purity of purchased raw materials to eliminate the use of trace
quantities of hazardous impurities.
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Sustainability and Eco-Effectiveness as Operational Concepts
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Figure 9. 2: Business policy and strategies for evolution towards sustainability (Storen,
1998).

Life-Cycle Approach
Life cycle assessment (LCA) is a tool that can be used to systematically evaluate the
environmental effects of a product, process or activity (Awang et al., 1999; Hassan et al., 2000;
Zulina et al., 1999). Essentially, the LCA methodology stems from the idea that industrial
processes and activities do not occur in isolation but are instead interlinked - via their suppliers
and customers - with other processes and activities. Outputs in the form of products and byproducts transfer from one operation to another, rendering them all interdependent. Any
industrial system can be represented by a system boundary that encompasses all the operations of
interest (Figure 9.3) (Boguski et al., 1996). The area surrounding the industrial system boundary
is defined as the system environment. The industrial system can be represented by any
organisational system that has environmental aspects.
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Figure 9. 3: The industrial system (Boguski et al., 1996).

LCA analyzes the environmental burdens along the continuum of a product's life cycle and
provides information on a "per service basis" to the user to help to identify, assess and solve the
environmental concerns associated with products, processes, and activities.
Eco Labelling
Eco-labelling program was started as a process that would advise consumers as to which
products constituted an environmental choice. Environmental labelling is any environmental
declaration that describes or implies the effects of the life cycle of a product or service on the
environment. It might be in the form of statements, symbols or graphics on products or
packaging, literature or technical bulletins, advertising or any form of publicity (Husseini, 1996).
Through the TC 207/ISO 14000 series of standards, three types of labelling have been
established. Type I is a third-party-certified “eco-label”. Such certification is granted by a
practitioners seal program which is sponsored by a government or operated privately. The seal
programs require manufactures to meet a minimum or “threshold” standard in order to receive
the seal of the program. Type II is a self-declared environmental claim, without independent
third party certification, provided that labels follow specific requirements set forth in the ISO
14021 standard. Type III conveys quantitative information on a product’s environmental
performance, derived from life cycle inventory data or life cycle assessment.
Environmental labelling programs have demonstrated that they can deliver a range of
improvements in both community-supported industries, and are also a means of market
transparency. Eco-labels have emerged as another important tool in marketing both products and
services. Many developed countries have long initiated national programs to prepare their
businesses to face the growing influence of the environmental movement in the market place.
Because developing countries are highly dependent on the export trade, they will have to take
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note of this development and embark on the appropriate strategies to prepare themselves to fall
in line with this emerging market demand.
In short, industrial development encompasses an array of environmental issues that essentially
measure the state of the environment in terms of how people feel about their surroundings, assess
the cause of environmental degradation, and lead to the design of incentive-based policies for
improving the environment. Ecological development of industries and businesses requires the
establishment of systems that maximise the efficient use of resources and minimise the
generation of wastes into the environment.
Voluntary initiatives highlight the adoption of environmental management systems by the
developed and developing countries that believe their industries and businesses will be more
competitive as a result of a reduction in costs and an increase in profits. The systems will also
ensure that the industries will have a strong driving force to embark into green business
voluntarily while promoting environmental protection. The ISO 14000 series of standards is one
of the voluntary initiatives that allows industries to compete internationally by complying with
legislation in an efficient and systematic manner, promoting self-regulation, minimising
environmental risk and liabilities, and above all, providing continual environmental
improvement.
Overall, industrial ecology offers a framework within which to improve knowledge and
decisions about material use, waste reduction and pollution prevention. It is a way of achieving
sustainable industrial and urban development using nature as a guide, thus supporting
government initiatives in ensuring that sustainable urban development is maintained in the
future.
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9.3 Environmental Management in European Countries
The momentum of new environmental legislation from the EU reached a peak in 2001, with 118
new items being adopted. Figure 9.4 is a chart showing the number of environmental items of
environmental legislation introduced each year since 1967.
Of particular significance are the Directives on Environmental Assessment – both Directive
85/337/EEC on Environmental Impact Assessment (EIA, as amended by directive 97/11/EC) and
the more recently adopted Directive on Strategic Environmental Assessment (SEA).
9.3.1

Environemtnal Inpact Assessment (EIA)

One of the major aims of these Directives was to reduce the existing disparities between Member
States with regards to environmental protection. In the early 1980s, it was considered that such
disparities might constitute a bias towards competition and thereby “affect the functioning of the
common market” (Teller and Bond, 2002). The EIA process can be divided into a number of
activities or stages. These are:
1.
2.
3.
4.
5.

Screening (i.e. which projects should be considered for an EIA);
Scoping (i.e. what environmental issues should be considered in the EIA);
Establishing which alternatives should be considered;
Establishing the baseline conditions (reference situation over time);
Preparation of the EIS (a document produced by the developer describing the predicted
impacts upon the environment).

Figure 9. 4: Chart showing the number of items of environmental legislation introduced by
the European Union between 1967 and 2003 (Source: Ellis B., 2004).
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9.3.2

Strategic Environmental Assessment (SEA)

SEA is defined as “the formalised, systematic and comprehensive process of evaluating the
environmental effects of a policy, plan or programme and its alternatives, including the
preparation of a written report on the findings of that evaluation, and using the findings in
publicly accountable decision making” (Therivel et al., 1992). The overall objective of the
directive is to provide for a high level of protection to the environment and to contribute to the
integration of environmental considerations into the preparation and adoption of plans and
programmes with a view to promoting sustainable development. This is achieved by carrying out
an environmental assessment for certain plans and programmes likely to have significant effects
on the environment.
9.3.3

“Birds” and “Habitats”

Effective EU legal instruments concerning nature conservation are the “Birds” (79/409/EC) and
the “Habitats” (92/43/EC) Directives. A key objective of these directives is the establishment of
the NATURA 2000 ecological network of protected areas, resulting from a scientific evaluation
of a list of sites of importance proposed by Member States. In particular, the NATURA 2000
network consists of Special Protection Areas (SPAs), designated by Member States according to
the Birds Directive, and the Sites of Community Importance for the conservation of natural
habitats and species (SCIs), as proposed by Member States in the framework of the dispositions
of the Habitats Directive.
Some of the NATURA 2000 sites are nature reserves, but most of them are located in areas
where significant human activities have always existed and may even have contributed to the
creation of certain habitats of conservation value. Emphasis is laid on ensuring that human
activities are compatible with the conservation requirements of the habitats and species for which
the sites are designated.
9.3.4

Integrated Pollution Prevention and Control (IPPC)

Council Directive 96/61/EC on Integrated Pollution Prevention and Control (IPPC) was adopted
to achieve integrated prevention and control of pollution in order to ensure a high level of
protection of the environment taken as a whole. The Directive only relates to industrial
installations. The following six main categories of industrial activities are covered: energy,
production and processing of metals, mineral industry, chemical industry, waste management
and other activities such as pulp and paper, tanning and certain agricultural activities. In terms of
environmental scope, the Directive covers a wide range of environmental impacts, including
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polluting emissions to air, water and land, production/disposal of waste, energy use, accidents
and site contamination.
9.3.5

Assessment of Air Quality

In the same year, the framework Directive on assessment and management of air quality
(96/62/EC) was adopted. The Directive sets out a common scheme for monitoring and
assessment requirements, and introduces air quality standards in the form of limit-values, which
should serve as quantitative benchmarks for air pollution abatement policies in the future. Details
of the air quality standards and specific monitoring strategies for the various pollutants are
subjects to a series of “daughter directives”.
9.3.6 Water Framework Directive
The Water Framework Directive (2000/60/EC) is one of the most ambitious pieces of European
environmental legislation to date (Usländer, 2005). It aims to ensure that all European waters
(groundwater, surface water, coastal water) are protected according to a common standard. It has
two key components:
•

A system of management of the natural water environment based on natural
river basin districts (instead of administrative and political regions);

•

The introduction of co-ordinated “programmes of measures” with the ultimate
objective of achieving (at least) “good status” for most of the European rivers,
coastal waters and underground waters by 2015.

While Directive 2000/60/EC itself does only include concrete information technology
recommendations on a very high level of data exchange, regional and/or national environmental
agencies have started to build and adapt their information systems according to their specific
requirements in order to deliver the results.
9.3.7

Waste Management Directive

The regulations in force concerning waste management show some common principles and
objectives in several European Countries (Laraia, 2001):
•
•

To encourage material and energy recovery and to reduce landfilling of waste;
To reduce landfilling of biodegradable waste in order to prevent risks of
instability and yielding, to curb problems of integrity in the covering system,
and to reduce the production of methane gas which is responsible for global
warming;
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•

To prohibit landfilling of unprocessed waste in order to reduce hazards and to
improve their mechanical properties.

In 1999, the Council of the European Union adopted the Landfill Directive (99/31/CE), which
aims at preventing or reducing as far as possible negative effects on the environment. Although
in many countries there is increasing concern regarding the environmental risks of landfilling,
and many people believe that separate collection and recycling represent the best solution, most
of the waste produced in Europe is currently disposed of in landfills. For example, Figure 9.5
shows the results of a survey made in 2000 on MSW disposal methods in Italy. Landfilling
represents the prevailing system for waste disposal (72%), while recycling is the second mostwidely used choice (15%), and will still play an important role in waste management strategies
in the future. Other countries have somewhat higher waste recycling rates (e.g. the German
government aims to manage MSW without using landfill from 2020). In addition, from 2005,
landfilling in Germany is only allowed after thermal or MBT (Stegmann, 2005).

COMPOSTING
4%

RECYCLING
15%

INCINERATION
9%

LANDFILL
72%

Figure 9. 5: Waste disposal routes in Italy.
Source: Ente di Bacino Padova 2 (Consortium of Municipalities in the Province of Padua, Italy,
2000).
Integrated Solid Waste Management (ISWM)
Many industrialised countries are approaching the problem of waste disposal with a new strategy
which aims to minimise the environmental impacts, save raw materials by promoting resource
recovery and reduce the amount of refuse that is disposed of. The objective of the current waste
management policy is not to force future generations to deal with wastes of their ancestors. The
general scheme of an Integrated Solid Waste Management (ISWM) is shown in Figure 9.6.
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ENERGY RECOVERY
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W3

FINAL STORAGE QUALITY

Figure 9. 6: Scheme of ISWM.
The first step of ISWM is avoidance. This involves clean technology and internal recycling in
order to minimise waste production at the source. Administrative and legal actions are necessary
to promote more durable products, to prolong the period of use and re-usage of the same product.
The second step of ISWM is material recovery. A stream (Wo) of waste containing many
valuable materials (putrescible organics, glass, aluminium, paper, plastics) and hazardous
fractions (batteries, old medicines, pesticides, etc.) is involved in this step.
After recovering all possible materials, a waste stream (W1), which contains organic and
inorganic substances of a quality and proportion which depend from the efficiency and strategy
of the previous stage, enters an energy recovery stage.
Subsequent to all efforts to avoid MSW production and to recover materials and energy, the
residual waste stream (W2) must be disposed of in landfill with minimal environmental impact. It
is essential to use pre-treatment steps before landfilling and adopt high quality standards for
landfill design, construction and management in order to achieve the final storage quality for the
deposited waste within a limited period of time.
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9.4 Industrial Ecology and Its Application
During the past few years, much research has been conducted on how the term 'industrial
ecology' offers a framework within which to improve the knowledge and decisions made about
materials use, waste reduction, and pollution prevention as a way of achieving sustainable
development.
Graedel (1996) offers industrial ecology’s definition as “the study of the means by which
humanity can deliberately and rationally approach and maintain a desirable carrying capacity,
given continued economic, cultural and technological evolution. The concept requires that an
industrial system be viewed not in isolation from its surrounding systems, but in concert with
them. It is a system view in which one seeks to optimise the total material cycle from virgin
material, to finished material, to component, to product, to obsolete product, and to ultimate
disposal”. On a similar note, Allenby (1994) provides a more comprehensive definition of
industrial ecology as “the means by which a state of sustainable development is approached and
maintained. It consist of a system view of human economic activity and its interrelationship with
fundamental biological, chemical, and physical systems with the goal of establishing and
maintaining the human species at levels that can be sustained indefinitely – given continued
economic, cultural and technological evolution evolve accordingly”.
The term 'industrial ecology' suggests that models of non-human biological systems and their
interactions in nature are instructive for industrial systems that are designed and operated. The
biological model is attractive due to the manner in which nature developed its constituents to live
off the bodies and wastes of other organisms (Figure 9.7). Industrial ecology seeks to provide
technical understanding that encourages systems of production and consumption that can be
sustained for very long periods of time without significant environmental harm. It relies on
industry to develop strategies to facilitate more efficient use of material and energy resources
and to reduce the release of hazardous as well as non-hazardous wastes to the environment
(Figure 9.8). The ultimate objective of industrial ecology is to cater for the emergence of an
economy that recycles virtually all of the materials it uses, emitting only micro amounts of
wastes and pollutants, while providing a high level of service to the increasing human
population.
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Figure 9. 7: Biological model in the natural ecosystem.
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Figure 9. 8: Concept of industrial ecology
Kalundborg (Ehrenfeld and Gertler 1997; Brand and de Bruijn, 1999) is an example which has
been considered among the most successful models. It is one of the most often-cited studies
(over 100 papers and book chapters highlighting various characteristics), and serves as a
successful example for the implementation of the material and energy flow theory of industrial
ecology or “industrial symbiosis” (Figure 9.9). The impetus to develop these recycling structures
was purely economic – both to reduce the costs increasingly associated with waste disposal and
as an extra income-producing service for other companies located nearby (Desrochers, 2002).
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Figure 9. 9: Flow of resources in the eco-industrial system at Kalundborg, Denmark
(Korhnen, 2003).
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9.5 Environmental Management in Asia – Malaysians Perspective
Development and economic activity have been the important drivers of urban development in
Malaysia. Since independence in 1957, urban development expansion in Malaysia has been
experiencing rapid changes, especially during the period from 1991 to 2000. More areas within
and outskirt of the urban areas are being used to develop more residential areas, facilities,
infrastructure and other important support systems. Table 9.2 provide the number of urban areas
with respect to its population from 1991 to 2000.
Table 9. 2: Number of urban centres in Malaysia.
Number of Urban Centres
Population Number

1991

2000

Above 1,000,000

1

1

500,000 to 999,999

0

3

150,000 to 499,999

22

34

75,000 to 149,999

26

36

25,000 to 74,499

79

63

10,000 to 24,999

24

11

Source: Department of Statistic, Malaysia (1992, 2000).

9.5.1

Urban Growth and Utilities Demand

Essentially, the changes in urban developments from small towns to cities have involved more
land acquisition for expansion. This has resulted in changes in the existing ecosystems from
forests or agriculture to urban ecosystem. These development processes have also given rise to a
significant impact on resources as more are required to ensure that cities and towns continue to
grow. An increase in the demand for water and sanitation are sectors that need special attention
from city and town administrators. The growing demand for energy in urban areas, along with
the growth of residential, industrial and business settings is reflected in the sales of energy by
Tenaga Nasional Berhad (TNB), which has increased from 46,472 GWh in 1998 to 59,971 GWh
in year 2002 ( Table 9.3).
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Table 9. 3: Sales of Energy by TNB
Sales of Energy (GWh)
1998
Domestic
8,516
Commercial
13,151
Industrial
24,447
Public Lighting
358
Mining
68
Export
26
Total
46,566
Source: Energy Commission (2004).

1999
8,507
13,821
27,051
498
64
11
49,940

2000
9,093
14,747
29,818
527
69
7
54,254

2001
10,315
16,196
30,754
590
67
5
57,442

2002
10,939
17,032
31,371
629
64
19
60,054

Similarly, water demand appears to have increased significantly along with growth of urban
areas. In the state of Selangor, the most developed state in Malaysia, the water demand has
increased every year, with expected demand to reach 5,377.1 million litre per day (Ml/d) by the
year 2020. Table 9.4 summarises the water demand projection for the state of Selangor between
1998 and 2020.
Table 9. 4: Water demand projection for State of Selangor, 1998 to 2020 (Mld).
District
Gombak
Hulu Selangor
Klang
Kuala Selangor
Sabak Bernam
Petaling
Kuala Langat
Sepang
Hulu Langat
Total
Source: JPBD (2003).

9.5.2

1998
252.1
264.7
616.6
179.8
202.3
859.9
88.1
63.7
617
3144.2

2000
259.7
272.9
635.5
185.4
209
888.2
90.4
80.8
635.9
3257.8

2005
288.4
303.2
707
207
235.2
996.5
101.2
124.3
706.1
3668.9

2010
315.4
336.8
786.4
231
264.6
1118.2
113.3
191.4
784
4141.1

2015
355.8
374.2
874.9
257.8
297.8
1254.8
126.9
294.6
870.4
4707.2

2020
395
415.7
973.1
287.8
335.1
1408.1
142.2
453.7
966.4
5377.1

Urban Growth and Waste Generation

Waste generation is another important component that correlates closely with urban growth.
Studies conducted by Hassan et al. (1998) and Hoonwerg (2000) reveal that Malaysian MSW
generation ranges between 0.45 and 1.44 kg/capital/day with an average 0.81kg
waste/capita/day. The volume of wastes generated within the urban areas managed by the local
government is shown in Table 9.3. Obviously, the amount of MSW increased significantly with
the increasing population, so that the amount of MSW managed by local government rose from
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2.5 million tonnes in 1991 to 4.6 million tonnes in 2002 as shown in Table 9.5. As a result, a
proper management system requires immediate attention.
Table 9. 5: Estimated municipal solid wastes (MSW) generation in urban areas.

Year
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Population in Local Government Area
with 3% annual increase
(millions)
13,727
14,139
14,563
15,000
15,146
15,450
15,524
16,312
16,310
16,718
17,136
17,564

Estimated MSW Managed by
Local Government
(million tonnes)
2.5
2.6
2.8
2.9
3.0
3.2
3.4
3.5
3.7
3.9
4.5
4.6

Source: KPKT, 2004.

The current system focuses on an end-of-pipe approach that requires larger disposal sites. As of
2002, there were 161 landfills with different categories and life spans ranging from 2 to 8 years
available in Malaysia. If the current management practice is maintained while wastes generation
increases at the existing rate, there will be an increased demand for more land to be designated
for landfills.
9.5.3

Urban Growth and Industrial Activities

The industrial sector plays a very important role in the economic growth of Malaysia. By 2002,
the amount of foreign direct investment (FDI) accounted to more than €3.3 billion, although this
was a slight drop from previous years where it amounted to €3.6 billion in 1999 (UNCTAD,
2003). This promoted the growth of the GDP for the industrial sector from €47 billion in 1999 to
€59 billion in year 2002 (Ministry of Finance, 2003). In terms of energy consumption, industry
and commercial users accounted for over 80% of the total consumption, with less than 20% by
domestic consumers (Peterson et al., 2003).
The industrial development was concentrated in and adjacent to urban areas, such as Shah Alam
city that has more than 1,379 factories (MBSA, 2004). However, such increased industrial
activities have resulted in pollution to the river systems and air quality by factories. Among the
main pollutants generated are noxious gases, toxic and hazardous wastes, including those from
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metal processes, solvent and paint sludge, refinery and petrochemical sludge, semiconductor
plant waste from more than 3,450 types of industries (DOS 2000).
9.5.4

Urban Growth and Its Impact

Table 9.6 summarises water quality data collected between 1995 and 2003. It is clear that most
rivers passing through major cities or towns experienced a reduction in the water quality index
(WQI). In addition, pollution intensities generated by the industries and other related activities
not only deteriorated the quality of the environment (the river ecosystems, atmospheric and
terrestrial environment), but also had social implications. This shows that the urban development
process not only requires technical and scientific evaluation but also a human dimension for the
development and implementation of policy, planning, monitoring, enforcement and auditing.
The negative impacts generated from development processes require special attention from all
important stakeholders in order to ensure that the urban ecosystems are able to maintain their
carrying capacity. In short, changes in management approaches are of particular importance to
ensure urban sustainability. Essentially, the existing approaches in managing the urban
ecosystem need to be reviewed and new approaches need to be identified. Furthermore, a new
philosophy needs to be explored as the current pattern of development processes, resources
consumption, social development and environmental utilisation changes.

Table 9. 6: WQI of rivers in cities or towns in Malaysia (DOE, 2003).
Cities/ Town
Kangar
Alor Setar
Georgetown
Ipoh
Kuala Lumpur
Shah Alam
Putrajaya
Seremban
Melaka
Johor Bahru
Kuantan
Kuala Terengganu
Kota Bahru
Kuching
Kota Kinabalu

WQI Average
1995 to 2003
68
63
49
50
49
55
77
68
60
45
54
83
85
76
63

Status
Slightly Polluted
Slightly Polluted
Highly Polluted
Highly Polluted
Highly Polluted
Highly Polluted
Slightly Polluted
Slightly Polluted
Slightly Polluted
Highly Polluted
Highly Polluted
Clean
Clean
Slightly Polluted
Slightly Polluted

River Class
III
III
IV
IV
IV
III
II
III
III
IV
III
II
II
III
III

Legend: 0 – 59 Highly Polluted; 60 – 80 Slightly Polluted; 81 – 100 Clean
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Previously held concepts of environment and development practiced by developing countries had
serious weaknesses. They considered the environment as largely concerned with problems of
pollution and conservation, and taking the environmental factor into account in making
production and consumption decisions served only to add to the cost of development. However,
in recent years, there has been some serious rethinking among both the industrialised and
developing countries about the direction in which the future course of development should
proceed. It is becoming clearer that development with efficient environmental management can
help to generate the resources and the means for sustainable development, given rational use and
application of advances in science and technology.
It is important, therefore, that environmental policy aim towards sound management of both
renewable and non-renewable resources so that the exploitation of these resources does not
adversely impinge on the environment. The capacity of the environment to produce essential
renewable resources must be maintained, restored or improved. Otherwise, adverse side effects
on the environment will result in reduced benefits for development efforts. In the Malaysian
context, the objectives of environmental management performance have to be pursued within the
context of generating economic growth and employment opportunities and a fairer distribution of
income within the framework of improving the quality of life. In the past, the major thrust of
most projects has been economic growth, and assessments of ranking order in terms of
desirability have centred mostly on comparing economic cost and expected benefits.
It is now being recognised that the effects of development projects on the natural environment
which are not included in the economic sums cannot be ignored if allocation efficiency is to be
improved. It is therefore crucial for developing countries to protect the source of their wealth,
now and for the future, on the principle that renewable resources can best be extracted from a
healthy environment. The most basic resources are finite so that a long term resource husbandry
is of paramount importance. In the light of this concept about environment and development,
Malaysia has adopted an environmental management strategy involving an integrated approach,
consisting of both protective and restorative measures through a combination of proper
environmental planning and pollution control.
9.5.5

Legislation and Control

According to Jaafar (2006), there are no explicit provisions for protecting the environment in
Malaysia. Short of amending the Constitution in matters relating to the subjects of pollution and
the environment, the Government of Malaysia has depended very much on the existing legal and
institutional arrangements for the formulation and implementation of its environmental policy
objectives and strategies. About 43 environment-related pieces of legislation were established
over the last few decades (Table 9.5). While not necessarily devoted exclusively to
environmental matters, the legislation does contain provisions or references that are related to
environmental control. However, as environmental problems became more complex, existing
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legislation has been found to be limited in scope and adequacy to deal with newly emerging
problems. For example, the National Land Code, 1965, divides landuse into three categories:
agriculture, building and industry. The Code therefore enables proper planning of landuse, taking
environmental factors into consideration. Hence, the Environmental Quality Act 127, 1974, was
enacted as a comprehensive piece of legislation, and provides a common legal basis to
coordinate all activities on environmental control throughout the country. The Act gives the
Department of Environment (DOE) the mandate and means to accomplish national
environmental protection goals.
Table 9. 7: Environment-related legislation.
•

Water

•
•
•
Water
Catchments

•
•
•
•
•

Air

•
•

Minerals

Forest

Land
Landuse

Biological
Diversity

•
•
•
•
•
•
•
•
and •
•
•
•
•
•
•
•

Environmental Quality Act 1974
(EQA)
Land Conservation Act 1960
Streets, Drainage and Building Act
1974
Town and Country Planning Act
1976
Water Enactment 1920
Water Supply Enactment 1997
EQA
Local Government Act 1974
Streets, Drainage and Building Act
1974
EQA 1974
Planning Regulation Act 1985

•
•
•
•
•
•

National Forestry Act 1984
Mineral Development Act 1994
Mining Enactment 1929
Irrigation Areas Act 1953
Drainage Works Act 1953
Sewerage Services Act 1993

•
•
•
•

National Land Code 1965 (KTN)
Land Conservation Act 1960
National Forestry Act 1984
Town and Country Planning Act
1976

•

Highway Authority Malaysia
(Incorporation) Act 1980
Civil Aviation Act 1969
Geological Survey Act 1974
Petroleum (Safety Measures)
Act1984
Minerals Development Act 1994

•
and •
•

Mining Enactment 1929
Regulations 1934
KTN 1965
Petroleum Development Act 1974
Petroleum Mining Act 1966
Wood-based Industry Act 1984
Forestry Act 1984
Malaysian Forestry Research and
Development Act 1985
KTN 1965
KTN 1965
Land Acquisition Act 1960
Land Conservation Act1960
Land Development Act 1956
Town and Country Planning Act
1976
Protection of Wildlife Act 1972
KTN 1965
Protected Areas and Protected
Place Act 1957

•
•
•
•
•
•
•
•
•

National Park Act 1980
Protection of Wildlife Act 1972
Land Conservation Act 1960
Land Acquisition Act 1960
Local Government Act 1976
Protected Areas and Protected
Places Act 1959
Housing Development Act 1965
Strata Title Act 1985

•
•
•
•

Plant Quarantine Act 1976
Aboriginal Peoples Act 1984
Land Conservation Act 1960
Animal Ordinances 1953
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•
•
•
•
Marine
and •
Coastal Zones
•
•
•
•
•
Agriculture
•
•
•
•
•
•

Fisheries Act 1985
EQA 1974
National Forestry Act 1984
Pesticides Act 1974
Exclusive Economic Zone Act
1990
Continental Shelf Act 1966
Fisheries Act 1985
Mineral Act 1994
Petroleum Development Act 1974
Petroleum Mining Act 1966
KTN 1965
EQA 1974
Supply Control Act 1961
Land Conservation Act 1960
Forestry Act 1984
Control of Paddy and Rice Act
1994
• Plants Exports Ordinance 1939
Transport
• Highway Authority Malaysia
(Incorporation) Act 1980
• Town and Country Planning Act
1976
• Planning Regulation Act 1985
• EQA 1974
Infrastructure • Supply of Electricity Act 1990
• Supply of Gas Act 1993
• Communication and Multimedia
Act 1998
Industry
• Duty Free Zones Act 1990
• Industrial Co-ordination Act 1975
• Control of Supply Act 1961
• Corrosive, Explosives Substances
and Offensives Weapons Act 1958
• Construction
Industry
Development Board of Malaysia
Act 1994
Source:
Fariz et. al., 2004

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Customs Orders 1993
Slaughter House Act 1993
Protection of Birds and Wildlife
Enactment 1921
Port Authority Act 1963
Carriage of Goods by Sea Act
1950
Merchant Shipping Act 1994
Merchant Shipping Act 1966
EQA 1974
Drainage Act 1953
Fisheries Act 1985
Pesticides Act 1974
Poisons Act 1952
Destruction of Disease-Bearing
Insects Act 1975
Slaughter House Act 1993
Plant Quarantine Act 1976
Carriage of Goods by Sea Act
1950
Carriage of Goods by Air Act
1974
Federal Roads Act 1959
Carriage of Goods by Air Act
1974
Federal Roads Act 1959
EQA 1974
Factory and Machinery Act 1967
Hazardous Merchant Enactment
1909
Standards of Malaysia Act 1996
Trade Description Act 1972
Communication and Multimedia
Act 1998
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9.5.6

Challenges in the New Millennium

Because the present environmental management system in Malaysia is beset by a number of
shortcomings, it needs to be strengthened to satisfy the millennium challenges. The
Environmental Quality Act, 1974, and the various Regulations under it are insufficient to tackle
the broad environmental issues emanating from the development of land, the exploitation of
natural resources and the disposal of solid wastes and toxic and hazardous materials. These
problems can only be overcome by means of a preventative approach through measures taken
right at the initial planning stage of a project.
In response to the apparent failure of the command and control policies, and with growing
pressure from the public, business and industries decided to take the initiative in overcoming the
environmental problems rather than being pushed by interested parties such as world governing
agencies, government, environmental activists and the public. The initiative was the introduction
of a voluntary environmental system into the corporation’s management. Business, industries
and other polluters have shifted from end-of-pipe control treatment of waste to pollution
prevention and, ultimately, design for the environment (Figure 9.10). This requires a holistic
approach if total destruction of the environment is to be avoided in the long-term. Perhaps recent
writings about business and the environment by Reinhardt (2000) and concept of natural
capitalism by Lovins and Lovins (2000) should be explored further.

Moving Beyond Compliance

Design for Environment /
Environmentally Conscientious Manufacturing
Waste Minimisation
Raw Material
Energy design
People

Compliance
Waste Treatment
Pollution Prevention

Figure 9. 10: The paradigm shift in environmental management.
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There is still much room for improvement in terms of the proliferation of these new technologies
and principles that will help create a better global environment in the future. Forward-looking
businesses are embarking on a journey towards “natural capitalism”, a journey that comprises of
four major shifts in business practices (Lovins and Lovins, 2000). The approach puts forth
strategies not only for protecting the biosphere but also for improving profits and
competitiveness. Basically, it rests on the idea of very simple but profound changes in the way
businesses are run, built on advance techniques for making resources more productive. The
strategy has several stages as follows:
•
•
•
•

The first stage involves dramatically increasing the productivity of natural
resources;
In the second stage, companies adopt closed loop production systems that yield no
waste or toxicity;
The third stage needs a basic change of business model – from one of selling
products to one delivering services;
The last stage involves reinvesting in natural capital to restore, sustain, and
expand the planet’s ecosystem.

The greening of world trade issues has been an inevitable consequence of having underdeveloped and unenforced environmental property rights, the pressure on the environment from
an increasing population, output and incomes, and the improved understanding of nature.
Moreover, the extent of environmental degradation (including to the global commons) caused by
human activities, and the ever-greater interdependence between the world’s national economies
have also pushed forward the concept of environmental management.
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9.6 Comparison of the European and Asian Situation
The technological developments and increasing industrial production affect more and more
people, and together with the growth of the world population, enhance the pressure on natural
resources. For sustainable development, appropriate technological choice, application and
management are crucial.
Sustainable development calls for pollution prevention and clean technologies; the utilisation of
materials, processes and practices that reduce or avoid the creation of pollutants or wastes at
source is the challenge for the future. Such practices would reduce the use of toxic and hazardous
materials, energy, water or other sources through conservation or more efficient use. To pursue
sustainable development, industry needs to apply some guiding principles. The principles
designed to encourage policies and practices for carrying out operations in an environmentally
sound manner was signed in the 1992 Rio Declaration as part of the United Nations Conference
on Environment and Development (Karaer and Azak, 2002).
9.6.1

Legislation

Environmental legislation and clean production efforts differ from country to country, due to
social, economic and cultural patterns, the history of environmental protection, and the existing
state of environment. Over the last ten years, the EU has adopted an average of 28 environmental
laws each year, and this has been reflected in a greater variety of national legislation (Başar and
Öztürk, 1998).
Orientation of policies towards environmental goals can be achieved through technological
enhancement, improved energy management, better operational practice and effective
environmental policies. The need to assess whether environmental management is effective and
efficient is an urgant issue. Despite the commonly voiced criticism regarding the lack of public
funds allocated for environmental protection and preservation, the core problem regarding
environmental issues does not appear to be a shortage of financial resources alone, but more
importantly, it is a consequence of a mismanagement of resources.
Developing countries have started tackling these problems on their own initiative by setting up
environment ministries or similar bodies, and updating relevant legislation. However, this is a
relatively new area, and they have not been able to address the problem satisfactorily due to a
lack of expertise, personnel and financial resources. The overwhelming demand made to both
central and local governments in environmental protection and preservation cannot be supplied
optimally under existing systems in most developing countries. The high growth rate, national
development policies, high population and urbanisation rate, insufficient environmental
financing, inadequate environment management by implementing agencies, lack of
environmental education, low environmental awareness and concern are some of the reasons
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behind the devastating state of the environment in many developing countries. In Asia, land
degradation is a key issue. In India, for example, 27% of the soil has been affected by severe
erosion. In Pakistan, salinisation from irrigation has reduced crop yields by 30%. The most
important hazard, particularly for urban populations in developing countries, is faecal
contamination of water and food due to poor or non-existent sanitary systems and inadequate
hygiene, compounded by unreliable and unsafe domestic water supply (DFID, 2000).
Furthermore, inefficient collection, storage and disposal of municipal and hazardous wastes
result in the spread of disease and localised pollution.
Overall, the environmental problems in developing countries are a result of the political and
economic situation. In developing countries, low political commitment regarding environmental
issues is still a hindrance in taking necessary actions. Non-governmental organisations have
often taken the lead on environmental issues. Civil society groups have been particularly
effective in raising environmental awareness, and holding government and the private sector
accountable for environmental improvements. The media in many developing countries (e.g. in
Thailand and the Philippines) have been active in publicising environmental damage, often
caused by state institutions. In India, the Supreme Court became involved in monitoring progress
towards environmental improvement following protests by public interest groups. In Indonesia,
the state environmental agency allocated a score to large industries based on their environmental
performance.
Environmental Threats
Until very recently, Europe suffered many environmental threats associated with industrialisation
and the unsustainable use of natural resources. While many of these threats have now been
reduced, new environmental threats are emerging. In Eastern Europe, the Chernobyl disaster in
Ukraine in 1986 led to an estimated 500,000 people being exposed to health threatening levels of
radiation. Numerous other incidents and nuclear trials have led to large numbers of people being
exposed to unacceptable radiation levels. Industrial pollution, although decreasing as a result of
industrial decline, remains widespread, and in many cases threatens public health. Public
environmental infrastructure is often inefficiently managed. At the same time, new problems are
emerging as there are growing solid waste problems due to changing consumption patterns. Road
transport is now the main source of urban air pollution so that levels of air, soil and water toxins
in many urban areas are above safe levels.
While most countries have traditionally focused on a regulatory approach to environmental
compliance, a growing number are now shifting towards environmental taxes and charges. In
Malaysia, a tax on wastewater discharge led to major reductions in water pollution. China,
Russia and Central and Eastern Europe all have elaborate penalty systems for pollution.
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Recent industrial accidents, some entailing human and environmental harm, have proved that
regularity compliance is not enough to prevent environmental damage. As this became clear, an
awareness arose that a more proactive system was needed. TS EN ISO 14001, the foundation of
the entire TS EN ISO 14000 series, is just such an environmental protection strategy where
regulatory compliance is but one of the elements of a more inclusive and all-encompassing
approach.
Many companies are now actively attempting to integrate sustainable development into their
corporate policy and thinking. By the end of 1995, approximately 90 different countries had
endorsed ISO 14000. Of those, the most active in the developing and newly industrialised world
include Brazil, China, North and South Korea, Malaysia, South Africa, Thailand and Turkey
(Mckay and Ng, 1998). Empirical studies illustrate that many companies currently utilise ISO
14000 standard certification as a competitive weapon; however markets in the future will require
ISO 14000 certification as an obligation. Nowadays, many companies seek ISO 14000
certification because of environmental awareness, public concern about environmental issues,
market pressures and legal requirements. Nevertheless, ISO 14000 certification uptake in
developing countries has been very slow when compared with the rest of the world.
Developing countries are often characterised by large and fast growing populations, who are
attracted to urban areas for work, thus creating megacities. One of the major problems caused by
these concentrations of population is the increasing production of waste and how to manage it in
the best way possible. In the pursuit of better waste management, many local authorities and
governments are tempted to reproduce western models. Yet, they have often been shown to be
inadequate or inappropriate to the local situation and behaviour. For example, in Europe,
attempts are underway to find ways to increase household participation in waste separation in
order to increase recycling rates and decrease waste sent to landfill. In contrast, in developing
countries, households separate their waste voluntary as they are able to get some money for it,
and scavengers live off of it. Also, the available infrastructure and investment capacity is very
dissimilar. Thus, when considering implementing any new system, such factors must be kept in
mind.
9.6.2

Life Cycle Assessment

LCA is a useful tool both in Europe and Asia which can help in the decision-making process by
informing politicians/waste managers of potential pollution risks and where pollution is already
happening. Looking at developing countries, it may be argued that LCA is neither practical nor
appropriate. LCA requires large amounts of data that are not available in most developing
countries, and the technology necessary for accounting and evaluating environmental impacts
might not be available to successfully measure emissions. However, it is believed that by looking
into LCA and trying to follow its framework, developing countries could improve their waste
management systems (Marion et al., 2002). Undeniably, this will require the establishment of a
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data collection method, which can only be a step in the right direction to inform waste managers
of the real situation.
In accordance with the global trend, management systems and certification bodies are relatively
new compared to Europe. It has become indispensable for companies all over the world not only
to produce high quality products and services in today’s highly competitive markets, but also to
establish reliable and robust systems and processes for protecting the environment.
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