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ABSTHACT

The increasing quantity of solid wastes is a serious environmental problem not only in devel-

oped countries but alsc in the developing countries in Asia. Until recently disposal was
the only technical and economical option that could be taken in the management of these
wastes. The technology for resource recovery and recycling ~as not considered because of

its economic impracticality {riske involved) and 1its low quality for usc ar raw material
in production. However, the time has come when recycling needs to be considered as a strong
aiternative agzinst disposal for the following reasons: (1) present waste management tech-
niques arc not adequate to prevent serious environmental pollution, (ii) there ie a need
to conserve scarce and expensive resources. Furthermore, in most developing countries,
the possitility of integraiing organised and hygienic escavenging for resource recovery and
recycling has been completely neglected. The objective of this paper is to first provide
a cursory review of the types of the solid waste in the countries in Asia and then to provide
tecanical options that 1ooOk appropriate for these countries. Finally, an outline and examin-
ation of key criteria to determine the viability of recovery alternatives and the socio-
eccnomic viability of the several recycling options have been pointed out.

INTRODUCT1ON

The Asia-Pacific region contains just over half the world's population and although it com-
prises only 20% of global economic activity, it promises to be one of the moert dynamic
regions in the world. One of the most oressing problems afflicting its people is the lack
of proper sanitation and waste disposal programs. Thus, it 1is not unugual for Westerners
to be apalled at the sight of groups of scavengers, from the young to the elderly, living
in dump sites even in the region's capital cities of Manila, Bangkok, Calcutta, Jakarta
and the like. However, in most developing countries in the region the possibility of integ-
rating crganised scavenging in the overall solid waste management ha#g been completely neglec-

ted. Recyrling of several constituents in the golid waste disposal sites has been an on-
going Aactivity and scavengert have taken it up as a profession, but the soclo-economic and
epidemiolozical considerations have been completely forgotten by t} “~uthorities responsible

for sclid waste management in the larre cities in Asia.

THE ASIAN SCENAR1O
Typical differences which occur in composition of municipal wstes are shown in Table 1[1,2,3].

waster generated in general tend to be of low calorific value, high in organic putrescibler
content and moisture and are subject to seasonal variations.
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Table 1. Comparative municipal soclid waste analysis (wt.%) [1,2,31.
Compnsition o .._ -
went [ 2irss: | sexeizbie Lomer | tentten | fatte: [uterstimmemns it |t | e[ty
ASIA - - R -
Petaling Jaya 6.6 4.5 55.0 20.i - 7.8 4.7 - - 1.3 -
Kuala Lumpur 6.4 2.5 63.7 11.7 - 7.0 7.R - - n.9 -
Rangkol 1.0 1.0 44,0 24.6 1.0 7.0 - 1.8 h.R - 250
flong Yong 2.17 .72 9.42 32.46 9,58 .24 [3%-13 - 14.09 1,47 -
Jakarta 2 2 €0 2 - ? ? - - 2% -
Bangalor 0.1 0.2 15.2 1.5 3.1 n.9 n.2 6.9 12.9 - 50
Seoul 6.4 (LA B - 4 - 1.8 0.6 IR0 - 11,7 -
Tafwan 1.1 2.8 2.6 7.5 3.7 2.3 - S6.0 - n.R -
Singapore 3.0 1.3 4.5 43.1 9.3 L ] 3.9 - L] PPA | 175
Japan 5.9 15.0 11.7 JR.5 4.1 1.o 3.8 - 9.1 - -
HINDLE EAST
Acrra 2.6 n.7 LY ] 5.7 1.2 1.3 - - - 1.4 -
Tatantul 1.4} 0.65 aN.A .15 3.22 3.05 - 1. 16 faeh) - 6.5 -
Tripolt 10.15 3.05 52.17 21.62 6,21 1.90 2.50 - - 2,60 -
Fort Safd j.o 1.1 16.9 4.0 2.2 3.4 9.3 9.4 1n.n 0.3 (henes) -
U.S5.A. B.S 12.0 13.n 51.0 3.0 4.0 1.0 (wond) - ! 5.5 (dir) - -
FUROEF,
u.K. 9 9 28 37 3 3 t 1 9 - 150
Sweden 5-% 6-8 36-38 32-1%8 2 h-1 - - - -9 -
FFC 2-9 h-17 10-40 19-4G 1-1e 2-6 - - - 10-15 -
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CLIMATE AND SEASONAL VAKTATION

Must developing countries lie in the tropical repion and are often besct Ly sudden climatic
changes which bave tu be accounted for in planning sclid waste managemernt schemes. Monsoon
rains cause problems of collection and disposal, Moisture content varies from below 5%

during the dry scason to atave 657 during the vet monthe.
BUDGET AND FOWFTIGN EXCHANGE LIMITATIONS

Municipal solid waste disposal Coste often exceed 20% of municipal budgets. Labour and
encrgy absordt the magor pertion of the operating costs. Solid waste management is one of
the most expengive services and hence must be tailored to financial capability. The acute
ghortage of foreign exchange is ancther poverful economic coanstraint in most countries in
Asiia.

PHYSTCAL CHAKACTERISTICS OF CITIES

The inner, uscally older, arcas of citics have very high populaticn densities combined with
difficult pnccess. 1t is not uncommoen tu sec¢ urban sprawls of sguoatter settlements Srought
about by rural migration, 1t is wusually i these arear that probtlems of s0lid waste are
most acute.,

SOCTAL AND KL TuIOUS CONSTRAINTS

Constraints of this kind may sometimes over-ride rational solutions. 1t is easier to impress
the people with proprame of water supply while there is little prestige in tackling disposal
protlems. Thus, waste cdisposal often has less priority than other services.

MANAGEMFRT AND TECHNICAL RESOURCES

A critical factor in the efficient organisation of a labour-intensive industry is the quality
of management. This involves net only good "man-management” but the deployment of a complex
set of technical skills which derive from several profcesional disciplires. Richer countries
export consultancy and management services to poorer countries. However, such aid must
not take the form of imposing Western systens blindly, but should seek to encourage the
development of indigenous technologies, The long-term solution iies in the establishment
of training ccurses within these countries.

The maintenance and repair of equipment are similar throughout the world, apart from some
specificaticns for tropical conditions. But the availability uf necessary skilled labour
varies widely and should be considered in deciding levels of mechanisaticn.

The ideal eolution is, of course, that which resulte in maximum reduction in generation
of waste by way of recovery and re-use. Approaches to the solution are as follows:

attraction ot recveling in its basic ferm if refuse contains valuable re-usable
materials:

refuce removal as a job creation programme;

valuable refuse compost or other products; and

cost-cuttinyg through the use of appropriate technologies. The cost factor, type
of waste involved and operaticnal facters call for appropriate and simple tech-

nology, and as much human labour as poss.ble.

The costs of sclid sarte management are high and rising at a time when the costs of energy
and material rezources are also rising. The important factors 1n these increases are:

gcarcity of capital;
environmental and health constraints;

difficulties in attracting and retaining expuericonced managerial, professional
sk1lled and support personnel;

"
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limitations and misapplications of both traditional and advanced technology;
shortage of primary materials and manufactured products,
under-utilised lazbour and materials; and

single-purpose approaches rather than integrated swlutions which consider all
components of wastes and potential recycling products.,

Concepts which are likely tc remain permanently dependent on feoreign expertise and spare
parts should be minimised under a4ll circumstances. These su)ppress privite entreprencurs
and are too tecknically sophisticated, and are scorer or later hound tc rail becausrv of
high subaidy nceds.

DISFOSAL SITES FOR SCAVENGEKS

Al11 waste recovery operations relv on sanitary landfilling for ultimate disposal of waste
and/or process resadues. Controlled landfilling is not extensively practiced although well-
maintained units may te found in some countries, €.g. in Hong Kong. There are a total oV
four landfill sites in operation in Hong Kong, dispusing of a total of 2520 tonnes of refuse
per day., However, Yecause nf land snortages, lant acquisition and site 2learance expenses,
site preparation costs are high. Covering material can be quite expengive if obtained from
borrow areas where high land and landscaping coels are required, 1f cover material can
be ohtained from adjacent site f{ormatione where surplus excavations are made, the ceel tor
cover material can be substantially reduced. Experience has shosn that, in general, the
larger the capacity of the tip, the dower the maintenance cost.,

In FKelang Valley, Malaysia, sites used for landfilliny are mainly o°d tin mininy areas,
S01id waste is dumped ani a btulldrrer operates full-time levelling and compacting the depos-
ited refuse. salvaginy is alwave carried out unefricially bhefore snlid waste is covered
by mining sana dailv.

Most of the {(ips in the Philippines are 1ocated near ranning water and thus pege envairon=
mental and health hazards, After dumping the collected waste from the trucks, scavengersg
surt out the garbage, picking up cans, cartong, teves and paper which are sold for recvceling.

3ince most Asilan countriesg favour sanitary 1andfill as the most cost-effective option at
present, scavenginy at these ¢ . wpsal sites ig a cemmon practice. Althcugh the best place
to collect the valuable materials from the solid wastes ig at the point of generation and
the worst is at the dispnsal site when the wastee are mised up, vet scavenging at the dis-
posal sites is still attractive as may be seen in many citice in Aasios.

TECHNICAL OPTIONS FOR RESOUHCE WLOOVERY AND RECYCLING
General technological options {or resource recovery and recycliny exist, some of which are:

SEPARATION QR INITIAL RECOVEFRY

Known ag& the "front end systeT”, sevparation or initial recovery can be done at the source
manually or thiough phvsicai and me~hanical means, But for it to be a success in urban
areas, dedication, interest, careful planning and adranistration and cooperatiin from the
citizens are required. Regidents have to be educated which ultimately meang o change in
their daily habits. Source seraration is not a "technical option" in the truest sonse,
but it greatly facilitates tht US¢ of subscquent COLVErSIon processes which reguire sophie-
ticated technologyl2]).

CONVERS10ON PRUCESS OR FURTHER TREATMENT
Incineration (with energy recovery!., composting, pvrolysie, single cell protein tSCP1 produc-

tion and anaerohic digestions are some of the methods used for further treatzent of the
waste,
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INCINERATION

In many developing countyies, the calorific value of refuse 18 Bo low that a fuel supplement
may be necessary as part of the incineration process. Most Indian wastes are unable to
guctain their own combugtion. The high moisture content of the Philippinen' wastes also
mases them unsuitable for incineration without the addition of auxiliary fuel o> pre-treatment
by sorting to remove the combustitle material, A1l these additional steps would result
in higber incineration coste.

There are a few countries like Keree who are considering incineration with heat recovery
on 4 long-term basip. In Taiwan, Kepublic of China, the usc of central incinerators is
preferred as an efficient and sanitarv method, but thie requires large capital investments
an.d operational costs. The mixed refuse of low heat value is removed first from a salvage
or open dump by use of separate collectors, leaving only the combustible material.

There are three cxisting incincration plants ir Hong Xong, each comprising four u.its, each
unit having a maximum capacity of 10.5 tonnes per hour. The variable mouisture content of
the wzste posed prob.ems. To incinerate the waste to an acceptable degree, the basic design
was modified. Furthermore, there are difficulties in public acceptance of 1incineration
as a dieposal process dJdue to high capital and recurrent operating costs. In Jakarta, Incon-
esia, 1incineration was regarded as not appropriate as about 30% of the volume of waste 18
:in the form of dust, hard matter or metal and other materiale.

Incineration was found to be the most cost-effective method 1in Singapore, Incineration
cannot be applied to most urban wastes in Asia becausc of the high organic and putrificatle
fraction, high ash and non-coubustibles, high moisture content and rather low calorific
valuus.

COMPOSTING

There are geveral arguments which speak in favour of composting as a resource recovery option
particularly suitable for developing countries, and these could be: (1) simple technology;
(11) process is readily adaptable to local conditions: (iii) only a small amount of residue
is 1-7t to be dispoused of; (iv) compos. sells well; (v) compost has a low toxic substance
burden; (vi) composting meets requirements concerning hygiene; and (vii) refuse composition
is appropriate for compcsting.

There are at least five pre-conditions which are necessary for the successful operation
of composting projects in developing countries. These are: (i) suitability of waste,
{(ii1) a market for the product near the compost source, (iii) support from government author-
ities, particularly those responsible for agriculture, (iv) price of the product which
is applicable to most farmers, «v) net disposal coat (plant costs less income from sales)
which can be sustained by the local authority.

Marketing of the compost products has been a problem and furthermore composting cannot
recover certain valuable materials. Woord, rubber, textiles, metale and plastics are either
impossible or very difficult to compoust,

PYROLYSIS

The results ot pyrolysis developmental work abroad demonstrate that the process s sgelf-
sufficient and regencrative. The gas obtained is sufficient for Leating the retort, the
by-rroduct tar-oil can be used as a substitute for furnace oil and the coke can be use<
as domestic fuel. Sunavala[ 4] recommends 1investigation of pyrolytis on a pilot or semi-
commercial scale in the Indian cities of Calcutta, Delhi, Bombay and Hadras. Baeing his
calculations on an estimated 2000 tonnes day~ refuse input and combusting the gas to self-
sustain the reaction, 600 to 700 tonnes day"1 of coke, 70,000 to 90,000 1 day'1 of oil,
30 tonnes da;"l of glass and 30 tonnes day - of metals could be obtained.

SCP PRODUCTION

Urban solid wastes that are rich in organice and cellulose can be utilised for SCP production
in which a “"controlled fermentation process where Belective use of aerotic thermophilic
organiems «re used for the formation of protein from cellulose and lignin wastes".
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Collection from Disporal Sites of Municipalities

This is practiced to a high degree in developing countries and hegpgars and scavengers perform
efficiently as socn ag collectors emply thedr loadr at the diepueal sites., Sometim2s whnle
families of scavengers support themeelves 1iving on theese dump site: and littie of value
i thrown away.

Scavenging 1s also highly organisced at major dunp spites in Manila. The system in effect
jg self-contained through the action of middlemen and subscequent interaction with buyers
of sccondary materials. Although this provides a method of resource recovery, the scavenger,
who 18 at the hesrt of the systen, musi work under deplorable and harardoue conditions.

1 bangkok, salvage of materiale by garbage collectors and other worrere is performed during
the collection stage. The volume of retrieved materiale is egual to atout 5 bambtoo baskuets.
paper and vinyl bage cor the like are retrieved. The salvapged materials are purchased by
junk dealers at prices given in Table 3. ¥onthly earnings {rom this source amount to an
average of 2,000 baht per worker (US§1 = 22.9 baht},

Table 3. The pric: of picking meterials g01d to the manufacturer

~ i
Selling pricce tKaht kg"l)“
Type of wuste By midcdleman to manufacturer © B gravengers to
wholesaler { middleman j
Mixed paper 0,7 - 1.2% 0.5 - 0.7
Black & white paper 2.0 ~ 2.5 1,0 = 1,2
Card paper 2,0 - 3.0 1.0 - 4.0
Newspaper 1.5 0.5 - 1.0
soft unwashed plastic 1.9 - 3.0 1.5 - 3.0
Saft washed plastic 8.0 - 11.0 6.0 - 11.0
Hard jplastic 4.0 - 7.0 2.5 - L.0
usase 0.5 - 0.7 0.4 - 0.6
Rubber 5 0.8 - 4.0
Bone 1.2 0.4 - 1.0
lron (thin} 0.9 0.4 - 0.7
Iren (thick) 1.0 - 1.5 1.0
Aluminium 20 15.0
Copper 25 - 28 15 - 2%
|

NB: % USsl = 22.9 Baht

Salvaging operations are largely uncoordinated; scavengers are allowed to operate at all
stages of collection, storage and was“c disposal. while sume capital-intensive, high-tech-
nology soluticns alleviate the human costes of &cavenging, these ignorc the potential fu1
efficient warte recovery and hence, the snurce of employment and resource base for a variety
of small enterprises. r«isting scavenging practices provide employment for nev arrivals
and household inccmer ranging f{rom base survival in exploitative entrepreneurial recovery.
Sorting and marketing of recyclable materials is ordinarily in the informal sector anc small
enterpriges return them to the formal aectlcr.

Organised Scavenging

The potential of developing organiscd scavenging in Asia should he emphasised. In the
Philippines, & protetype solid waste project called "Resource Recovery” has been launched.
This 18 aimed at demonstrating a more aystematic way ot recyvcling starting from educatiun

\o.
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at the household level to training and fielding of "ecology aides™ or Eco-Aides to the iden-
tificatiorn of end-buyers. The eatablishment of such a working system will provide a mote
decent means of living for scavengers and minimisc their exposure to {i1thy conditions.

The project plan ie to hire as many of those currently engaged in ecavenging as Eco-Aldes.
They will make the rounds of households and be authorised to buy at predetermined prices
those recyclable materiale which have been previously sorted by the household into wet
organic or dry re-usable items, The materials will be redeemed at redemption centres ot
about 20-25%% more than what they patd for them, and where the materials can later be sold
to Junk dealers. A high as ‘0% of the garbage in Metro Manila may be recycled, 20% consis-
ting of "wet garbage" can be digested for mecthane production, 10% for composting and the
rest to be landfilled.

In refuse disposal sites in Bangkok groups of 12-30 scavengers demarcate the site radially
into sectors by means of wooden logs and weparate the valuable materials into basketeo. The
aisposal trucke come tc the centre of the plot and dump the sulid waste. This form of scav-
enging is 8n profitable that tie leader of a group even gives cash or liquour to the driver
so that he does the favour of dumping the waste more often into his zone. All materiale
collected are sold to midd.emen who visit the aite.

Mogt of the peeple work for 8 h a dav and make an average of BBO per day per person. Some
of the scavengers are high scheol graduates who claim to make B100-20C a day. The rtandard
of living of some of the pcavengers visited 18 unbelievablie as they owna a television, fan
and a refrigerator which i3 excellent by Asian living standards.

If emphasis 1is put on a better working standard at the site, vector control measures to
prevent disecases, and basic amenities, the scavergers would be a happler group of people.
Furthermore, if the Eye.zm™ 16 controliled to avcld middlemern cheating thede hard workers,
organiscvd scavenging would be a very prosperoug livelihood for many, an economic gain for
the city and an achievement in the field of solid waste management.

A recent study made at BRangkok on the health conditions of the scavengers revealed the fol-
lowing facts:

1, Generally speaking scavengers had poor health.
2. Colds were very common as they were exposed to the sun and rain for a long duration
3. "he prevalence Hf muscle and tendon dJdisease was very high, particularly muacle

ligaments affecting the tack.

4, Skin disease was very comnon and very difficult to cure.
5. Hand and {20t injuries were very common.
6. Depression and "moody" feelings crept in amonp the scavenpers due to the long,

continuous working hours,

The trader whn buys fror the dcavengers and sells to the wholesaler is known as the middleman
who further selle it to the manufacturer., In Bangkok the roles of the trader and wholesaler
are very similar,

Table 3 shows the selling price by acavengers to middlemen to manufacturers., A chunk of
the profit 18 made by the micdleman from the scavengers., Table 3 has to be seen with caution
as it is very dit"fcult to get a picture of the exact nature of the trade at the wholesaler
jevel. They are very secretive about divulging any infcormation regarding the trade. Overall
reaction from the wholesalers was that their profiin were large. The wholesaler has an
egtablishment including a shop, a godown, 4-5 labourers (paid a daily wage of 60-70 BRaht).
Besides the overheade, he can still make a profit which shows that by establishing an organ-
ised scavenging syetem, the scavengers could benefit more by cutting cut the middleman.

The average waste collected daily per person is shown in Table 4. The waste value collected
per day per pereon is abcut 80 Baht. Thie is the average earning a pereon makes at the
dumping site not including the waste that was sorted at the source.
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Thus it can be emphasised once again that developing a decent syvstem for scavengers should
be given a priority.

Table 4. Varilous types of wastc and the daily gquantity collected

Types of Wastce Average kg of waste
collected daily per person
Paper (hard) 1.9
Paper (soft) 5.0
Flastic t(harad) 5.02
i'lastic tsoft) 14.91
Glass 39.51
Leather ‘rubber 1.17
Iror (thin) 4,65
Iron (thick) L,24
HBones 5.69

It can be seen (ror Tables & and 6 that scavenging is a profitable profession for industries
that recycle the procucts:

Table &. Estirmated cost benefit value of paper procuction at a paper
mill in Thailand (in Baht)

T : i
y Cost of Total cost |Value of Benefit:
Raw ! Other ) :
vaterial l of tfinished cost
- ‘ ﬂal(ridx texpenditure! productien | product ratio
i
’ l
100% wood pulp | 5,040 1,040 T.280 11,500 1.57
' !
< 8% wo o !
17.5% wod puly ; Luun 1,642 4,040 K7 ,000 2.13
82.5% waste pajer | i :
100% waste paper l T.oh2 3,820 6,900 1.96
. i !

Table 6. The estirated tenefit cost value of plastic production at a
Plastics factory in Thailand «ir Raht)

M 1 i
YoCost of yTotal cost (Value of | Benefit:
2 ¥ ' Ut ier { .
M1t:::a] i row |ex enzzlurct of ;1in:shuj cost
¢ | material i pey 'prodh\l.“ﬂ . product | ratio
I " b
| ' | |
v - +ie i
Pure ‘llle'iSLj | Eda, 0ne ! 175 TR0 b Jhas TR Bay, 000 | 0,81
plastic | i '
All waste plastic { gor.o00 b 012,800 1 53U 500 | AKG 000 1.87
hure plastic and | 480,000 ! e, 500 671,500 | B49,006 1 1,26
waste 1 i !
i







