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Landfill In Asia
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Improving those landfill sites which take MSW will be a big step for most Asian

countries. What are the problems they face, and how can they make landfilling
sustainable?

ore than 8 million tonnes of solid waste 1s produced per day in
developing countries.! Over 95% of this 1s disposed of in landfills, open
dumps, riverbanks and the sea or simply combusted on-site due to
insufficient waste collection and final-disposal systems. The many
environmental and health risks associated with open dumping put
landfilling at the bottom of the waste hierarchy in the industrialized
world. But are there feasible alternatives to landfilling in developing countries?
Low and middle-income Asian countries face the accelerated generation of solid
waste caused by an ever-increasing p{:q:-ulalimn. migration from the countryside,
Are there urbanization and industrialization. This article examines municipal sohd waste
management (MSW) issues in such countries, focusing on the current status and
fea sible appropriate landfill technologies under Asian conditions.
Three types of disposal site are referred to here. An open dump is an
alter“ati“es to unconuolled land disposal site. Disposal at these sites is gradually being phased out
in many countries and replaced by disposal in sanitary landfills. A sanitary landfill is
Iandfi“ing I 2site where waste is isolated from the environment through engineering procedures,
and where emissions such as leachate and gases are properly collected and treated.
deueloping The term ‘landfill’ generally refers to options intermediate to open and sanitary
J ' landfills.
countries?
Solid waste generation and composition
The rates of waste generation in low- and middle-income Asian countries reflect their
levels of socio-economic development, urbanization and industrialization, and
climate and local conditions for production. In general, urban inhabitants produce
two to three times more MSW than those in rural areas. Average generation In
low-income countries varies from 0.4-0.9 kg/person/day; in middle-income countries
the range is 0.5-1.1 kg/person/day; in high income countries it varies from
1.1-2.0 kg/person/day but can be more, as in the case of Hong Kong, where the
figure is 5.1 kg/person/day.’
The recent economic development and urbanization of Asian countries has not only
resulted in them producing more waste but also in changes in the composition of their
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TABLE 1. MSW composition (% of wet weight)}*’

Paper and cardboard Textiles Leather and rubber  Plastic Metal Glass Wood Ash, dust, etc Biowaste

China 6.9 47 1.3 0.5 1.6 6.9 19.2 52.6
India 7.6 47 13 3.8 17 2.1 40.1 39.6
Sri Lanka 12.3 6.8 3.7 3.0 10.2 64.7
Thailand 7 2.7 3.0 13.7 3.1 £.3 3.6 5.0 56.2
Kathmandu, Nepal 11.0 4.8 1.0 g4 0.3 2.2 0.3 5.2 66.8
European average 32.0 4.0 1.0 8.0 10.0 9.0 30
California, US 41.0 2.4 2.6 10.7 7.3 5.8 5.0 0.5 24.1
waste (lable 1). Organics dominate in Asian rural areas Collection

whereas MSW in urban areas contains much higher amounts
of paper, plastics, hazardous waste and electronics alongside

the sull dominating organic waste. Significant amounts of

ash and dust are found where mainly coal and wood are used
for heating and cooking.”

Household waste generation is often underestimated in
low and middle-income regions because part of the
reusable material 1s sorted out in the households and the
streets before it 1s classified as waste. In additon, some
organic wastes become animal feed or compost. For
example, waste generation in the city of Kathmandu in
Nepal has increased to 0.371 kg/person/day but the
generation rate of 0.225 kg/person/day in the valley has
remained constant over the vears.”

The moisture content of waste arriving at landfills and
dumps can reach 60%-=70% due to the use of open bins for
storage and, in many cases,
transport

and

open

intense frequent

In modern areas or the rich town districts, the standard of
cleansing and waste management is similar to that in
western cities. Daily collection is common in big cities, but
inadequate coverage is common in low-income areas,
leading to waste littering and dumping in backyards and
'[J}]U‘I] HPEI{.-(_"H,

Household waste is often disposed of either on the streets
or in public waste containers. The municipal sweepers clean
the streets and collect the waste, usually using handcarts,
betore it 1s transferred to either tractors or trucks.

Currently 90% of the waste generated by Kathmandu’s
670,000 inhabitants is collected by the private and public
sectors either by roadsides, door-to-door or through
container collection at a rate of 895 m¥/day.” The waste is
collected and taken to Teku Transfer Station, which takes 40%
of the total municipal waste. Here it is unloaded on a concrete

under Household waste is often disposed of either

rainfall. The waste thus has @I the streets or in public waste containers

a very low calorific value,

which makes 1t less attractive for incineration. Because
scavenging often deprives the waste of bulking agents,

immediate and fast biodegradation takes

place,
generating highly polluted wastewater and nuisance.
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platform or directly at the dumping site at Balkhu river.

['here is generally a lack of mamtenance and technical staff.

Final disposal: the open dump approach

Most Asian countries face similar problems regarding final
disposal. In Thailand and India, for example, 70%-90% of
the final disposal sites are open dumps.® As cities grow, the
tew existing landhlls are filled up quickly and the length of
time 1t takes to develop a new landfill frequently results in a
return to open dumping.

Insuthficient allocation of financial resources in the waste
management sector, acceptance of the status quo and a lack
of awareness among both the public and politicians of
environmental and health concerns are the root causes of the
low quality of waste services. The population frequently lights
fires on waste heaps to reduce their volume, their smell and
access to them by animals. Open burning and scavenging are
also common practices at dump sites to reduce volumes and
to remove valuable goods from the waste.

Scavenging depends on markets for the recovered
materials and the existence of people who are compelled to
do the poorly paid, hazardous work which has a low status.'
Scavengers live near the dump sites in simple houses and
often use the methane gas from landfll for cooking. The
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wasle ]]]il.'llElf_{l‘llll‘ll[ {'HI'I'I}JHI]".' or 'l'lL"Hl'L"['H may
provide the scavengers with houses and tools

such as gloves and boots.

From open dump to

sanitary landfill

For developing countries, 1t 1s a big step to move
from existing open dumps and uncontrolled
disposal sites to sanitary landfills. The locations
of most landfills and dumps in Asia are based
on convemence rather than hydrogeological
considerations. They are usually large and
shallow holes in the ground into which the waste
is dumped. They are often located in
environmentally sensitive areas such as

marshlands. abandoned mines and river beds.-

The most common operational approach
includes:"
FACING PAGE Dumping on the riverbanks at Balkhu, Nepal ABOVE Scavengers
* spreading the solid waste in thin lavers sorting out recyclables at a transfer station in Nepal
* compactng the waste to the smallest practical volume
* applving and compacting cover material at the end of The replacement of dump sites by landfills with higher
each operating dav. sanitary standards will therefore only happen in the medium
to long term. The following initial steps are recommended:?
In most cases, the conditions created by the monsoon are not
considered, and feasibility and environmental impact + eliminating fires on dump sites
assessment studies in accordance with the national and local *  restricting waste tipping into small areas following a

regulations have not been carried out. disposal plan

The Heavyweight

The BC 1172 RB refuse compactor defends its title on the largest waste disposal sites.

For the highest level of waste disposal site productivity, put the BC 1172 RB in the ring! The combination of higher weight, greater pushing force and a
superior wheel cleaning system guarantee the best possible use of valuable disposal site areas. The BC 1172 RB weights in at 55 tonnes and flattens
everything in sight. Even with high volumes of waste, it doesn't “throw in the towel”. Efficient hydrostatic drive reduces fuel consumption, while wire
cutters and dual scraper bars keep wheels clean for optimum compaction results. The special oscillating articulated joint keeps all four wheels on the
ground for outstanding traction. A sealed belly pan prevents waste from entering the engine compartment.

The BC 1172 RB — heavyweight champion of waste disposal sites. Typically BOMAG ... Best for Compaction. BD M H G

BOMAG - Hellerwald - D-56154 Boppard, Germany - Tel. +49 6742 100-0 - Fax +49 6742 3090 - e-mail: info@bomag.com - www.bomag.com
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Sustainable landfills in an Asian scenario

The design of a sustainable landfill should incorporate:?

» a liner system at the base and sides of the landfill to
prevent migration of leachate or gas to the surrounding
environment

» leachate and gas collection, together with treatment
systems to meet regulatory requirements

. final cover of the landfill that enhances surface drainage,
prevents infiltration of water and supports surface
vegetation

» surface water drainage system that collects and removes
surface run-off from the site

= environmental monitoring system that periodically
collects and analyses air, surface water, soil and ground
water samples around the landfill site.

The waste should be treated within the lifetime of each
generation and remaining residues should be stabilized
under environmental safe conditions. To achieve this under
Asian conditions requires a controlled breakdown of the
biodegradable fraction to accelerate the degradation process
and increase the efficiency in which the dry tomb concept is
transformed to a landfill bioreactor (see Figure A).™

The leachate is collected and recycled in the anaerobic
bioreactor and stabilized within less than 10 years. The
amount of methane generated in this type of bioreactor is
directly related to the amount of organic material in the
waste stream diverted to the reactor. The sustainable landfill
combines the principles of bioreactor landfill to enhance the
process of stabilization and landfill mining to recover the
space for reuse while salvaging decomposed organic matter
for agricultural use.

gas extraction well
enclosed — final grade
fiare — === —, interim
interim -, \ passive apoye-
grade fid gty —fMare  ground
\ e L 2= _s__, ~ |eachate
"""""" R e Y/ tanks (3)
- Sl b e f e
L 5. A
2 WAL o L e ol o
leachate collector truck loading
L |eachate (pump and
evaporation unit haul)
FIGURE A. Bioreactor landfill’

depositing wastes in thin layers of about 50 ¢m with
appropriate compaction

covering the newly deposited waste with about 15 cm of
soil or similar material daily

installing systems for the collection of landfill gas and
diversion of rainwater
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* keeping the site-access roads in good condition to
enable vehicles to deposit wastes at designated places as
quickly as possible

* protecting the disposal site from scavengers or the
public by building boundary walls and access gates

* maintaining records of waste deliveries and tupping

« carrving out environmental monitoring (from simple
visual inspection to complex chemical analysis)

» providing a site with essential manpower, such as a
landfill manager, an office clerk, security staff, a traffic
controller, landfill equipment drivers and a mechanic.

These steps would enable a gradual transformation and

rehabilitation of existing MSW dump sites and allow
municipal authorities to bring about sustainable solid waste
management practices.

The upgrading of dump sites should include:*

* controlled tipping

* dump site mining followed by landfill upgrading
combined with pre-treatment of MSW before landfilling;
engineered landfilling

* leachate storage during the rainy season and recycling
during the dry season (similar to bioreactor operation
to enhance biodegradation)

* top cover design with available and appropriate soil
(methane oxidation).

Pre-treatment of NMISW
prior to landfill should be
adopted in Asia

Figure 1 shows an approach to sustainable landfill
management in Asia. It combines the principles of a
bioreactor landfill (see box, this page) to enhance the
process of stabilization with those of landfill mining (see
below) to recover space for reuse. At the same time, it allows
for decomposed organic matter to be salvaged for
agricultural use or soil amendment.

In addition, pre-treatment of MSW prior to landfill
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
simultaneously diminish the need for leachate treatment
and landfill gas management, geotechnical problems due
to landfill settlements, and the length of the aftercare
period.” Compaction and appropriate cover would reduce
the risk of waste spreading.

Coping with the monsoon

Southern Asia and Indo-China are in the northern tropics and
have dry and wet climates. The monsoon wind brings rain to
some regions while others are left relatively dry. The length of
the summer monsoon season varies from year to year, but the
warm and humid air produces precipitation from May to

July—August 2005 WASTE MANAGEMENT WORLD '



Landfill in Asia

November. The winter monsoon 1S - w -
. : . ili unicipal solid wast | mp sit ndfill
characterized bv drv and cold winds which, Prevailing o oellr asie d dump sites/land
; 1y : situation

after a long journey over sea, expose coastal
areas 511..;-;:1 as south-eastern India, m}.rlh— R [ Rehabilitation/
eastern Sr1 Lanka and the eastern part of the | mining
Philippines to heavy rain. These same areas are | x 4 A
relatvely drv during the summer monsoon.=

The rainfall characteristics tor local i — | p———— —_—X —X e

. : o 0 Aerobic/anaerobic Recyclables RDF/incineration Inert/other remains —
climates must be considered when designing: composting
: Primary

* top and bottom liners treatment
* the leachate drainage and treatment | A

svsiem : * : = L i L 4 I-;.I--“{. ..... :

; . ompost agriculture gsource laim n
* gas collection systems and ;reengrﬂcnuer —'J| recovery Energy recovery L_EE?__E_H_E? _d_'
* the final cover. soil for landfill ry

Sﬂﬂﬂﬂdﬂﬂf
Protection ;1gainr~‘.t erosion  should be E'Em_m_eﬂt________________________|_-3_“E’ﬂ|_5|55 ____________ B
imcorporated and the stormwater run-offt recovery
TP PO, R g e . 5 e Leachate collection T
U.Lrllutul flnhci vr.lmnt}t.-:l out Lni the area and treatment / Matured =
without coming into contact with the waste. | landfill
- =

Stormwater from sorting areas, the Final disposal and Leachate
weighbridge area (if it exists) and workshop altercare monitoring recirculation
area for vehicle repair should be collected FIGURE 1. Approach for sustainable landfill management in Asia
and treated.

The extreme monsoon ramntfall can create
a high amount of leachate and stormwater run-oft over a  The dry regions are characterized by conditions caused by
short period, while the very high evaporation of the arid climates. Here, leachate generation can cease. In both
subsequent dry season 1s likely to have the opposite effect.  climate conditions, it is essential to design the bottom liner

CCLBTCND

Expertise in Waste Containment Crmeme o, B39 108
Enkadrain® Wide Enkagrid® PRO |

Enkadrain Wide is the name of a product family of 5 m Enkagrid PRO geogrids are made of highly oriented
wide multilayer polymer-based geocomposites, consis- extruded polyester bars. The product is available in a
ting of a drainage core, sandwiched between two or number of different strengths providing powerful
connected to one nonwoven filter. Enkadrain Wide has and reliable soil reinforcement solutions. In waste
proven its effectiveness as drainage layer for cappings containment, the products are widely used in landfill
in many landfills worldwide. The products are also capping or foundation and for topsoil stabilization
extensively used as reliable continuous gas venting purposes. All Enkagrid PRO geogrids are BBA certified
layer, maximizing landfill storage volume. up to a pH of 12.5.

Colbond bv - phone: +31 26 366 4600 - fax: +31 26 366 5812 - geosynthetics@colbond.com - www.colbond-geosynthetics.com
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Shallow groundwater well near a dump site at Kathmandu in Nepal

and other elements of the leachate control system

accordingly.

Leachate quality
Asian countries need to imprm'u the criteria for liners and
leachate collection systems, particularly the use of the

there need to be
improvements to the concept of recirculation with a secure

entombment concept. In addition,

bottom liner system (including the benefits and risks), the

principles of simple treatment methods and their

funcrions. and education about
attenuation and (1i.~;|}{:l‘sim1.

the principles of

Many countries have national regulations that require
monitoring of leachate and groundwater. However, the
selected parameters are often too numerous and the selected
indicators of pollution are inadequate. Selection of a few of
the most relevant parameters as indicators of leachate
quality may vield better results. For instance, monitoring
chemical oxygen demand (COD), total nitrogen and selected
heavy metals would increase understanding of the pollution
potential from the landfills and provide an early warning for
groundwater contamination.

Changes in the measured pH, electrical conductivity,
total dissolved solids (T'DS), COD and biological oxygen
demand (BOD) of the leachate from a particular site can
often be correlated with rainfall patterns.

Landfill gas management

Anaerobic decomposition of MSW in landfill generates
large amounts of greenhouse gases and other trace gases.
Landfills and dumps contribute an estimated 25% of
anthropogenic methane emissions and 20% of total global
anthropogenic methane emissions.” In Asia, about 90% of

open dumps without any top cover or preventative

FROM SELWOO

Drainers
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Hydrosub
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measures contribute to methane emissions from the MSW

(shallow dump sites with layers of only a few metres of

waste generate less gas due their more or less anoxic
sratus).
Biological oxidation of methane by indigenous
bacterial populations can be an inexpensive mechanism for
treating waste gas. However, enhanced biological oxidation
of the landfill gas depends on factors such as soil
properties, bacterial population, moisture content and
nutrient supplement. It 1s therefore necessary to identify
appropriate controlling parameters for better landfill gas
management under Asian conditions where landfill g.a.u.
recovery is usually not feasible due to factors of size and
controlled

landfills of the future in Asia will have to incorporate

economy. The design of and engineered

elements to reduce methane emissions or to oxidize the
methane before it enters the atmosphere.

Final cover

The tinal cover of the Gokarna dump site outside Kathmandu
in Nepal is typical of landfills and dumps in Asia. It has just a
thin soil layer with some grass growing on it. There is no gas
or leachate collection, monitoring or treatment. The slopes
surrounding the landfill are vulnerable to landslides as they
have been left steep and bare after excavation for soil for use
as cover material. Dense settlements have grown up around
the site due to the expansion of nearby villages. In the poorest
sanitation conditions are bad and the shallow

holzinag

Recycling Technology

area, the

TABLE 2. Composition of MSW found during excavation at the Gokarna landfill, Nepal’

Material Fraction (%)
Organic waste/soil 90.3
Plastic (all types) Sd
Glass/ceramics 1.7
Textiles 1.4
Bricks/construction material 1.3
Leather 0.5
Paper (partially degraded) 0.5
Wood 0.4
Metal {all types) 0.3
Rubber {including foam) 0.3

groundwater near the landfill is used as drinking water (see
photo on page 92).

Land remediation and landfill mining
Landfill mining (LFM) is the excavation and treatment of
waste from an active or closed landfill. Following feasibility
studies carried out on a case-by-case basis, the municipal
authorities must choose between closure of the open dump
or upgrading it to a sustainable landfill. The photo on page
94 shows excavation work at the Gokarna landfill site in
Nepal. No leachate was found during the deep excavation of
this site. Table 2 shows the high organic content in the waste
excavated from Gokarna landfill, Nepal.

LFM involves the excavation, screening and separation

www.holzmag.com
info@holzmag.com
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Excavating the Gokarna landfill site in Nepal

of material from the former (generally unlined) landfill into
various components including soil, recyclable materials,
hazardous materials and residues. It can be an option as
long as the dump site is in an area where groundwater
pollution is not a critical issue and it has sufficient
remaining life to justify the cost and effort of conversion.

Detailed investigations based on test excavations and waste

your safety!
Carbofol® MegafFriction

characterization are I':_.*-:_|l_1111_.*d. and the amount of valuable
waste fraction for recovery must be estimated. LFM projects
have been carried out around the world over the last 50

vears.” The purposes of these projects have included:

recovery or conservation ol landhll space

reduction in landfill area

extending landfill ifenme

elimination of a potental source of contamination
mitigation or removal of an existing contamination source
energy recovery

recvcling of recovered materials

'I'L"{El.ll'..'li{:l" i“ ]“EII'IH;_];{_'I'I'II.'_"T'II. 3;'-'5“;""] COSIS

site redevelopment.

Landfill mining for the remediation of old landfill sites has
become increasingly common in Asia. Landfilling can be
seen not only as a disposal system but also as a method for
large-scale processing of waste combined with recovery and
recvcling processes for the management of MSW."

Figure 2 shows the mining methodology used to carry out
studies at the Kodungaivur and Perungudi dump sites in India.
(No decision has been made so far on whether to fully excavate
the landfills.) These studies evaluated whether to close the sites
or to convert them to sanitary landfills and focused on:

resource recovery through LFM
bio-rehabilitation of MSW dump sites
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* leachate and landfill gas
characterization at rlum}] S1LES = nstallation of leachate Kodungaiyur dump site (KDG « Segregation of paper, glass,
. » : ’ collection systems plastics, textiles, metals,
+ solid }]I'Ill.'-;l:_‘ anaerobic Lllgtﬁtlml. * Monthly muﬁuring during 1512-: Iur.a_ilnn:.s: i'g auger ﬁamplas wood, coarse soil (2-20 mm)
2001-2003 i b and fine soil (<2 mm)
_. _ . « 40 samples each from KDG sampies » Determination of moisture,
Sequential extraction on a sample collected and PDG A organic matter, ash content
: . i d o the * Analysis of parameters: EC, and bulk density of samples
from Kodungaiyur dump revealed the pH, DOC, COD, BOD, anions, » Water and acid extraction of
presence of heavy metals. About 30% of the cations and heavy metals fine soil [raction
otal metal content was found to be m ﬁ;p}‘
availahle for ntial mitr 11 1 itorin . reparation
:ipuhﬂﬂ; fon Flt}[{_l"ltlr!_l nmm:h_lul:m Into monitoring Dump site prep _
biological systems; zinc contributed the rehabilitation !
most and chromium the least. manitoring \\\/,,'
- lysis of water extracts for
rr : * Analys
Mﬂjﬂ ESEHFEh prugramme Sampling 24 parameters: EC, pH, TDS,
A seven vear research programme on » Closed-flux chamber DOC, COD, BOD, Am-N, Tol-N
andfilling and waste management i * Air sampler 50,2, PO.*, CIT, NDy~, Ca®,
andnlihng and waste management 1in * Mg2. Na*, K*, As, Cd. Cu
Asia has recently been impit:munlm:l Lo Analysis Perungudi dump site (PDG) Cr, Hg, Ni, Pb and Zn
improve the protection of human health * Methane gas analyser 6 locations: 12 auger samples | |*Analysis of acid extract for
: X e » Gas chromatograph 6 locations: 18 excavator eight heavy metals: As, Cd,
1 the envir - ['his ative e
and the environment. This munatve samples Cu, Cr, Hg. Ni, Pb and Zn
mcludes five universities from China,
India, Sr1 Lanka and Thailand and 1s FIGURE 2. Method used for mining studies at the Kodungaiyur and Perungudi dump
supported by the Swedish International sites at Chennai, India.’ (Am-N = ammoniacal nitrogen; DOC = dissolved organic
Co-operation Agency and its Department carbon; EC = electrical conductivity; Tot-N = total nitrogen)
for Research Co-operation. The
programme is being co-ordinated by the
Asian Institute of Technology in Thailand. sanitary landfills. The main aim is to mobilize and improve

The Asian Regional Research Program on Environmental —research competence at national research institutions in Asia and
Technology (www.serd.ait.ac.th/sidaSWM) is seen as an to create links between them and regional incentives towards
important step towards replacing open dumps in Asia with  sustainable sanitary landfills and a better urban environment.
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Outlook

There are planv. to construct thousands of new landhlls

during the next 10 vears in Asian countries. The principle of

‘keep it simple and make it sustainable’ instead of "high-tech’
solutions holds the key for the rehabilitation of MSW dump
sites in Asia. Improvements to existing dumps that fit
existing and evolving technical capability and economic
feasibility may be gradually introduced. In this way, the
concept of sustainable landfill has a chance to become a
reality in the long-term in Asia.

The following conclusions about open dumping and
landfill management in Asia can be drawn:

* Solid waste disposal still means open dumping in most
low and middle-income countries in Asia.

» Sanitary landfilling is considered the most cost-effective
and realistic method of solid waste disposal, at least in
the short and medium terms.

« Landfill hydrology is an important issue because
most landfills are located in regions with a monsoon
climate where extremely high rainfall for a few
months is followed by a dry season with high
evaporation rates.

* In low and middle income countries in Asia, MSW i1s
dominated by biowaste. The ash and dust fractuion 1s
high in areas where coal and wood are used for heating
and cooking.

* Market incentives and penalties, and sufficient
allocation of financial resources for the waste
management sector are necessary. Educational
campaigns alone are not enough.

* Decision-makers and the public in Asian countries need
to be better informed about the environmental and
health impacts of poor waste management practices at
local, regional and global levels.

* Research should focus on pre-treatment options
applicable to the composition of the MSW, degradation
processes and modelling of landfill gas or leachate
production under monsoon conditions, landfill design
and operation.

Landfilling is likely to remain the dominant method of

handling MSW in developing countries because 1t
appears to be the most cost-effective, pn:-x'ia:l-til that land 1s
available for it.
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