
WaSil' A-f(llwgelllenl & R<!scarch (1994) 12. 151-,163 

SOLID WASTE RECYCLING AND REUSE IN BANGKOK 

s. Muttamara*, C. Visvanathan1" and K. U. Alwis1· 

* Divisio/l of Environl1ll'lJlaf Engineering. Asian IrljlilUre (!( Technology, GPO Box 2754, 
Ballgk(lk J050 /. Thai/and and t ElIl'Il'Ulllllenwl Ellgincerinf, Dil'i,ioll, A IT, Bangkok. Thai/and 

(Received J6 Marcil J993. o('cepred ill rcvisedform 6 July /993) 

M alerials recovered from solid wastc in Biingkok arc mainly glass bOllles, p3per and 
papel' prod l1cts, pi as Iio.:: produel sand meta Is. Materia Is are sepa ra led at three di t1"crcn t 
stages or the collection process: at the source, prior to collection: by the crews or the 
colleclion vehicle; and by the scavengcrs at til.:: dump site. The total daily tonniige of 
reeyel:lble garbage collected at Ihe source by the waste pickers is estimated at 28C1 
tonncs. ahoU! 5% 01' the garbage collected by the city, There arc small seale recycling 
shops (SSR) localed around the main disposal sites where collected matcrials arc ,old 
by the colkction crews and the scavengers. Thc quantity of rna terjals dcliven:d to the 
SSR ~hop~ by the collection crew vary between 1-6 tonnes per day, The ilmount 
or materials recovered by the scavengers (al lhe dump site) varies between 
50-150 kg person-I day-'. Therefore around 7.5% of the solid waste is recycled. In 
Bungkok both rormal aod informal scctor~ manufacturc paper pulp, cardboard boXL':s 
and magnincs from thc re<.:yclabk papcL Paper products whJCh account lor 55% of 
the IOt:ll \vaslc stream al'e ":Ollsidercd as the l;org..:,t "product group" In the municipal 
solid waste. Recyclable glass (1-3% or the total waste stream) or culletls used to 
manufaelUl"c plum glasses or ClipS. Plastics constitute about 10-15% of tht,; waste 
51 rcam. The bene/it/cost ra tlOS of production of most of these industries wen: reportcd 
to b..: higher tlJan 1.5. In order 10 enhance recycling. kgislativc measures necd to be 
in Irod uccd and cn forced, 1n Th aila nd. thcre IS. however. no ]aw co ncerni ng rccycl ing. 
Thcn: is no inccntive for the consumer 10 scparate solid waste for recycli ng. as the 
prices of wa,te in Bangkok arc low and inconsistent. ThcrcfOI'e the pricing system 
should be more organizcJ I'or recyding to he morc ellcctivc. 

Key Words-Collection crew. compo:jting. disposal sile. open dumps. recycling. 
rellSC. sc~ vCllging. Thailand. 

I. rntrQduetion 

1.1 Background information 

One of the bustling and famous cities ill Asia. Bangkok is known for a number of varied 
attractions, being located stratcgically as a centre for trading and business for Asia and 
the 1"\;$[ or the world. H o\vever. as an cRecl of rapid industrialil.:ltion in the area. which is 
directly proportional to population increase, the solid waste problem has become one or 
the prime concerns of the city government for a number of environmental. social and 
<.lcslhetic reasons. 

The cily of Bangkok is siluated in the Chao Phraya River Plain. characterized by nal 
terrain. a high ground water table, clay soil and sC<lsoni.llllOodillg events. The eliI11<llc of 
Bangkok is tropical, with average temperatures rcpofted to be bet\vecn 2YC 10 33'C. 
The cily of Bangkok consists or 36 districts. Thc registered population of 8angkok is 5.7 
million on 1566 kill' or area. and the population growth rate is reported to be 1.16% pCI' 

yea r. Accord ing to J [CA (\ 991). the population densi ty ill 1989 was 3738 persom pCI' 
km'. Bangkok has about 11 .}O;;, or the whole kingdom'~ population, 
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In 1989 the G PP (Gross Provincial Product) of Bangkok was estimated at 225 billion 
baht, about 40% of the GOP (Gross Domestic Producl) of Thailand. According to the 
National Economic Social Development Board, the GPP of Bangkok is estimated to 
grow at an average of7.9% per year from 1997 to :WOO. The GPP per capita in 1989 was 
estimated at about 39,400 baht and 68,300 baht in 2000. The GPP growth is a major 
factor explaining the increase in waste generation in Bangkok. Manufacturing industries 
account for a bout one third of the G PP; the wholesale and lhe retail trade about 20% of 
the GPP. 

According to ESCAP (J990), the amount of solid waste collected in 1990 was 5240 
tonnes per day, a mean per capita rate of 0.93 kg day-I varying from 0.17-2.33 jn 
different districts. Total metric tonnes per day of industrial solid waste was 0.258 tonne 
per factory per day. 

2. Solid waste generation, collection and disposal in Bangkok 

2.1 Solid wasle genera/ion 

ESCAP reports that the BMA (Bangkok Metropolitan Administration) collected about 
5240 tonnes per day of 111 unicipa1 waste d llring the year 1990, which is 81 % of the 
estimated genera ted waste. I t is obvious lha t some part of the waste is not collected. II 
may be due to the discharge of solid waste to klongs (can<:lls) or disposed or by burning at 
households and also due to the diflkulty in collecting solid waste in narrow sois (small 
lanes). 

2.2 Coflec /ion. I rea /men! and disposal 

Solid waste generated in the BMA region is collected by the cleansing sections of the 
Districts and Public Cleansing Service Division of the DPC (Department of Public 
Cleansing). The Public Cleansing Service Division of the DPC is responsible for street 
sweeping by usiryg sweeping trucks and cleansing the main roads. This division collects 
waste from hospitals, health centres, public markets of BMA and central government 
buildings. It also provides the trucks and contai ners whenever they are req uired by the 
districts. The Cleansi ng Section of each district is responsible for street sweepi ng by 
manpower, refuse collection from residences, markets, commercial small industries and 
uncollected refuse in the public areas of the 36 districts, and transport to the final 
disposal site (0PC 1992). 

There arc two types of collection processes; direct collection (door to door method) 
and the ind irect co lIection system (sepa ra te co 11 ta ine rs a re pi aced nea r the markets. 
department stores) (DPC 1992). In the residential areas. collection workers pick up 
waste receplacles one by one and load the collected waste into the vehicle. Hand carts 
<:lnd bamboo baskets are used to collect and carry waste from narrow streets (sois). In the 
multi-storey buildings, dust chutes are used for the collection of wastes. One worker 
enters thc chute and collects the waste and lhe rcmaining workers receive waste and 
carry itto a truck where recyclable materials 3re sorted oul. The recycling process is one 
orthe activities carried out by the collection crew. According to JICA (1982), about40% 
of the time spent by the crews is devoted to collecting the recyclable materials. 

The main disposal practices are opcn dumping and composting, the former being the 
most common practice. At present BMA has two disposal sites, one in On-Nooeh and 
the other in Nong-Khaem. The disposal sites consist of open dumping areas, composting 
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TABLE 1
 
The amount disposed orat disposal SilCS (lonncsday-') (JiCA (991)
 

Year 13MA area Ram 1nlra (c1oscd \989) On-Nooell Nong-Khacm 

Compost Disposal Composl Disposal Compost Disposal 
plant sile plant site plant sitc 

J98G 3738 56 871 217 1202 28 1364 
1987 4190 31 1584 158 1304 14 \063 
1988 4225 I 1190 263 1051 139 1581 
1989 4085 125 328 187 1276 83 1529 
1990 4340 0 0 139 1214 52 1652 

!''lci Ii ties and small ineincrators. Si nee the composting and incineration facilities are not 
functioning effectively at all the disposal sites, 90% of the delivered solid waste is 
disposed or by open dumping (J JCA 1991). There are three composting plan IS at Ihe two 
disposal sites: two at On-Nooch and one al Nang Khaem. These three plants are 
designed to dispose or about 960 tonnes of refuse per day. Al present the capacity of the 
three plants is about 150 tonnes per day (OPC 1992). Each compost plant has an 
incinerator with a capacity of 100 tonnes per day. 

On average about 20 tonnes of solid waste per day incinerator is disposed of. At the 
On-Naoeh disposal site about 3 lonnes per day of hospital hazardous waste is 
incinerated. 

The average cost for open dumping is about 10 baht per tonne or less, while for 
composting it is 530 baht per ton ne of incoming waste (J JCA )99 I). The amount 
disposed of at each disposal site is presented in Table 1. With the population increase 
and the economic growth, waste generation will increase. According to llCA (1991), in 
the year 2000 the waste collected will be about 8700 tonnes per year. It is also predicted 
tha t the shone of house.hold waste, which was 47% in 1989, will decrease while the share 
of busi ness and other W<lste wi II increase. 

nCA (1991) also reported that there will not be significant changes in waste 
composition during the next 10 years. Although paper and plastic contents will increase 
in the future, it is expected that their share will not cha ngc mueh as increase in recycling 
activity can be expected. 

3. Characteristics of solid wastes 

The solid wasle of Bangkok rcl1ects a unique blend of residential, commercial, tourist, 
institutional and industrial activities. The per capita waste production is the highest in 
the commercial ::lnd ind ustrial zones and the lowest in the residentia I areas. rn Bangkok, 
about 23-44% by weight is putresciblc (food) wastes. P<lpcr and plastic~ constitute 8­
22% i.ll1d 6-13% respectively (TAMS PlRNTE 1989), 

3.1 Physical composilion 

Table 2 shows the physical composition of waste on a dry weight basis at lhe final 
disposal siles or Nong-Khaem and On-Nooeh during the rainy season and lhe dry 
season, respectively. 
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TABLE 2 
Physical composition of solid waste (dry weight basis) during rainy and dry seasons (Tsai Chin I, AIT 1(93) 

Rainy Season	 Dry Season 
." 

Nong-Khaem On-Nooeh Nong-Khaem On-Noaeh CI) 

30/9/92 13110192 23/9/92 21/10/92 18/1/93 3{2/93 12/1/93 27/\/93 

~  

Physical Paper 16 IS 23 12 13 Jl \6	 20 C::;
Camp. Fruit/vegctablc 20 36 16 2[ 33 23 33	 18 c... 

:>(%J Textile	 11 1.7 2.3 4.7 4.6 3.5 4.0 6.1 
,...Woodjleavcs 3.5 3.0 8.8 4.2 5.2 II 5.9 8.2	 
r;

2­Plastic	 19 14 20 2\ 16 18 20 15 
Leather/rubber 0.1 1.2 0.[ 0.5 3.3 2.0 0.2 0.1 
Metals	 2.6 0.4 9.4 8.5 4.0 [2 2.3 4.8 
Glass	 8.1 8.1 1.3 10 10 6.3 7.9 19 
Stone/ceramic/honc 5.9 1.6 10 5.9 2.4 3.7 3.9 3.3 
Miscellaneous [3 20 9.4 12 9.0 [0 6.7 5.7 
<5mm 9.4 14 7.6 75 7.0 6.7 4.7 3.7 
>5mm 4.0 6.\ 1.8 4.4 2.0 3.3 2.0 2.0 

Bulk density (kg 1-')	 0.37 0.36 OJ9 0.35 0.35 0.30 0.32 0.29 
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TABLE 3 
Physical composition ofwasle by type of area (TAMS P1RNIE 1989) 

Analytical parameler Al A2 D C OJ 02 E F 

Waste eomponeniS. weI weight: 
Combustible 

Paper 18 13 22 /5 12 14 7.7 12 
Putrescible (food waste) 40 43 23 28 39 34 43 39 
Tcxlile 5.6 10 II 2.0 9.1 7.2 4,0 3.2 
Wood/glass /0 9.4 7.7 23 12 17 22 15 
Plastic Il 11 9.2 13 10 14 66 9.4 
Rubber/leaIher 0.2 0,6 1I 2.1 1.2 2.2 7.4 1.9 

Sub-total 85 87 84 83 83 88 91 81 

Non-com bustlble 
Ferrous metal J.7 1.6 4.0 1.5 1.2 1,5 0.9 1.6 
Non ferrous 0.2 0.1 0,1 0.2 0.6 0.1 0.1 0.1 
Glass 2./ 2.4 0.6 1.9 2.2 2.5 1.0 3.2 
Stone/ceramics 5.6 2,6 2,1 8.6 5.2 3,7 3.2 6,8 

Sub-total 9.6 6.7 (i,8 12 9.2 7.8 5.2 12 

Miscellaneous 
Size> 5 mm 4.3 4.4 5.4 3.8 5,8 3.3 3.1 6.4 
Size <5mm 1.9 1.9 3.2 0.8 1.8 1.1 0.6 0.6 

Sub-lolal 6.2 6,3 8.6 4.6 7.6 4,4 3.7 7.0 
Total 100 100 100 100 100 100 100 100 

Wasle components, weI weight: 
Moisture 61 60 43 56 60 60 67 60 
Ash /0 10 21 17 J2 II 9,1 15 
Combustible 29 30 36 27 27 29 24 25 
Total /00 100 100 100 100 100 /00 100 

Gross calorific value 4/26 4180 4234 3214 40IS 3909 3653 3535 
(Keal kg- L adjusted dry basis) 
% Combustion 23 46 15 
content of miscellaneous waste 

Number of samples 6 6 4 5 7 14 6 2 

A I, Commercial refusc, central city core and urban zones; 
A2, Commercial refuse. semi-urban and semi-rural zones; 
B. Indu,;lria] waslcs, factorics within industrial est:ltcs;
 
C, Institutional wastes, government offices and educational inSI;tutes;
 
D, Rcsidenlial refuse, households in thc ccntrlJ,1 city core and urban zones;
 
02. Rcsidential refuse, semi·urban and semi-rural zones;
 
E, Market wasle, fresh products mackels which incl udc some ral ing stands;
 
F. Resid~ntial refuse, low income level (slum) bousing areas, 

The physical composition of the waste from eight lypes of collection area is given in 
Table 3. It can be observed Ihat commercial waste has a higher percentage of paper, 
putresci b \es and te xti Ies, w hiIe ind ustria I was te has a higher percen ta ge 0 rpa per, lextiles, 
rubber and leather, and residential waste contains more putrescibles and plastic. Thus 
the commercial waste and Ihe illdustria I waste have a higher calori nc val uC than 
residential was Ie. 
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TABLE 4
 
Chemical composition or solid waste (Tsai Chin I, AIT J993)
 

Chemical composition Nong-Khacm On-Nooch 
(Wl. % in wet basis) 

30/09/92 13/10/92 23/09/92 21/1 0/92 

Moisture 58 61 60 57 
Ash 12 13 15 17 
Combustible 30 26 25 27 
C 16 \4 13 14 
H 2.5 2.9 1.9 1.8 
N 0.4 0.3 0.5 0,5 
0 II 8.5 9.2 9.7 
S 0.\ O. \ 0.\ 0.1 
CI 0.3 0.2 0.1 0.3 

3.2 Chemical composicion 

The chemical composition was analysed in order to determine the probable composition 
of compost products and combustion gases from the incineration plant. Table 4 shows 
the chemical composition of combustible wastes from the Nong-Khaem and the On­
Noach disposal siles. 

4. Potential for recycling 

Materials recovered from solid waste in Bangkok are: glass bottles, both whole and 
broken; paper and paper products including newspapers, magazines, books, writing 
papers, paper boards or cardboard boxes; plastic products including dear (cooking oil 
containers), sofi (containers for liquid soaps, shampoos) and hard (e.g. toilet seats, 
plastic bags etc.); metals such as AI, Cu, Fe and steel etc.; and used household items and 
clothing (mainly shoes), 

The recycli 11g process can be classified into two stages, material separation and 
material conversion. rn the material separation process, sorting out of the materials from 
the waste mixture takes place without changing the physical and chemical properties. 
The reclaimed materials arc used as secondary raw materials in the material conversion 
process, The recovery process is an intricate structure involving several multi-level 
systems starting with (he commercial or industrial establishments generating the solid 
wastes (Fig. I). 

In Bangkok, materials are separa ted at different stages of {he collection process: at the 
source, prior to cOlleclion; by the crews of the collection vehicle; and by the sea vengers al 
the dump sileo A survey conducted by ESCAP (1990) indicated that there were 954 
persons involved in door to door collection as well as 2584 and 307 persons involved in 
the collection resrectively at the main dump sites and at the intennediary siles. The 
collected materials are sold through middlemen to small-scale recycling businesses, who 
sort and pretreat the materials before selling them 10 a wholesaler who in turn deals 
directly with the user industries. In addition to the above process there is also a 
considerable amount of direct recycling of industrial waste. 
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Industrial 
establishmentsorted 

BMAStreet 
collectioncollectors 

truck crews 

Open dump 
scavengers 

BrokenPlastic Paper Bottle 
bottlecollectors collectors collectors 

collectors 

PlasticMetal Paper Bottle
product Bottlersreprocessors makers makers
maker,; 

rig. 1. Plow Ch:lrl or rccydable Ola tcri<lls. 

4.1 Waste collectioll alld separation 01 (he source 

Materials such as newspapers, magazines, cardboard and bottles are separa ted at source, 
often at the residence itself. A deposit may have been paid for returnable bott!cs, or they 
may also be sold to the collectors who operate door-to-door with a three wheel car1. A 
similar process is carried out at the industrial and commercial establishments. Street 
sca vengers also sort out the most valuable iterns from the waste bins and conta iners prior 
to collection by the BMA crews. 

According to ESCAP (1990), the total daily tonnage of recyclable waste collected by 
waste pickers is estimated at 286.03 wones, <.lboul 5% of this is collected by the city. 
Types of waste collected by waste pickers are represented in Table 5. 
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TABLE 5
 
Percentage of waste materials collected by the waste pickers in
 

Bangkok (ESCAP 1990)
 

Materials Percentage (%) 

Plastics and rubber 26 
Glass and porcelain 48 
Cloth 0.7 
Newspaper and magazines 3.3 
Othcr paper bascd products 6.6 
Bones 4.3 
Wood based 1.2 
Mctal bascd (iron) 8.7 
Others 0.5 

aluminium
 
clccuic wire
 
clectric machine
 
electric bulb
 

4.2 Waste separation and cotlection by the collection crew 

The second part of the recycling process is carried out by the collection crews, separating 
mainly the most valuable items such as larger and cleaner pieces of paper. cardboard, 
plastic products, bottles, etc. which are segregated in separate baskets according to the 
type of material and are stored on top of the truck or inside the hopper for the trip to the 
disposal site. 

The investigations conducted by ERL(1988), indicated that in July 1987, about 2.5% 
of the total waste load collected by the refuse collection crews was recovered and sold to 
the junk shops. Among the recyclable materials about 50% of the recovered materials 
were paper prod ucts, about 20% were glass and another 20% werc a mixture of hard and 
soft plastics, a~d the remaining 10% were metals. The study conducted by the TAMS 
PIRNJE team (June, 1987) indicated that 50% of the recovered rna terials consist of 
mixed paper and cardboard, 39% glass, 9% plastics and 2% metal, rubber and textiles. 
These collected materials are sold to the junk shops at or ncar the entrance of the open 
dumps. 

Around each of the main waste disposal sites, there are a number of small scale 
recycling shops (SSR) where collected materials are sold by the collection crews and the 
scavengers. The quantity of materials delivered to each of these SSR shops by the 
collection crews varies betwcen I to 6 tonnes per day. Shop size is detcrmined by the 
physical size and the number of refuse trucks that unload materials at the shops per day. 
The amount of materials collected by the junk dealers is presented in Table 6. 

4.3 Recovery at rhe dump sites 

This is the {inal stage aft he recovery process. The amount of materials recovered by the 
scavengers varies between 50-150 kg person-I day-l and daily income varies between 
30-300 baht person-I (TAMS PTRNIE 1989). 

Ferrous metal is also recovered from the compost plants. The amount of recovered 
ferrous meta) by the magnetic separator froll) the raw waste entering the compost plants 
is approximately o.s tannes for each 100 tonnes of raw waste. The recovered ferrous 
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TABLE 6 
Recyclable items collected by the junk dealers (ESCAP /990) 

Waste category Percentage (%) 

Plastics/rubber 17 
Glass(porcelain 29 
Cloth 0.2 
Newspaper/magazi nc 8.6 
Other paper based products II 
Bones 0.5 
Wood based 0.4 
Metal based 21 
Others 12 

electric wire 
electronic machine 
scrap silver/gold 
aluminium 

TABLE 7 
Selling price at the disposal sites (DPC 1992) 

Materials Selling price 
(baht kg-I) 

Plastic bonles 3.20- 3.30 
Braken bottles 0.20- 0.30 
Mekhong bottles (white) 0.70- 0.80 
Beer bottles (brown) 0.10- 0.20 
Iron 1.50- 1.60 
Aluminium 14.70-17.70 
Copper· 39.70-49.70 
Writing papcr 3.20- 3.30 
Newspaper 1.30- 1.80 
Waste paper 0.80- 1.10 
Cardboard 1.20- lAO 

metal is compressed into blocks weighing 30 kg on average. There were 2,404,6) 6 blocks 
(about 72,000 lonnes) recovered by the four compost plants in 1980 (JICA 1981). 

The materials collected by the scavengers are sold to the middlemen. Approximately 
7-10% of the middlemen buy these salvageable materials from the scavengers. Each 
scavenger will have a dealer to whom they sell their materials. These middlemen 
generally buy bottles, plastic, iron and paper separately. The selling prices for recyclable 
materials collected at the disposal sites are given in Table 7. 

In Bangkok the price for each material is different aL each level or the recycling process 
as given in Table 8. Generally an aduli earns about 30-150 baht per day and the children 
about 50-80 baht per day. According to ERL (1988), about 41.9% of the scavengers 
earn about 30-60 baht pcr day, while 36.7% earn from 65-90 baht per day. The rest earn 
about 100-200 baht per day. The average income comes up to 75 baht per day. About 
45.3% earn an average annual family income of 10,000 to 50,000 baht, while 42% are 
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TABLE 8
 
Priee~ for recycled materiah (OPC 1992)
 

Malerial category Price (bahl kg -1) 

Collector Junk shop dealer 

P<lpcr 
Ncwspaper 1.00 1.50- 2.00 
Writil)£ paper 3.50 
Waslc paper 1.00- 1.30 
Cardboard 1.50- 1.70 

130H!cS 
Beer (brown) 0.30- 0040 
Mckhong (whilC) 0.50 1.00 
Broken bonles 0.20 0.50 

Metal 
Iron 1,80 
Aluminium 15,00-18.00 
Copper 40.00-50.00 

Plastics 
Bottles 3.00 3.50 

Tiles 5.00 

Kapok 3.00 

Colleclor collects rccyclables from household s 

wit hin the 50,000 to 100,000 baht rang~. The remaining percentage earn more tha n 
100,000 baht. 

4.4 Conversion of reusahle materials into nelV products 

The reclal11<ltion process involves the rcmov:.11 of components from the waste stream and 
physical reprocessing into a useful product. Finally, chemical conversion processes 
transform it into a new product for the market. Among the reusable materials, ferrous 
metal, p<lper, gl<lsS and plastic are used for recycling. Paper products which account for 
55% of the (otal waste stream are considered as the largest "producl group" in the 
municipal solid waste. The main sources of paper generation in Bangkok ore computer 
offices, printing shops, newspaper presses, oJfices, warehouses, factories, shops, house­
holds, rcfuse dumps and dispos<ll plants. Tn Bangkok both formal and informal sectors 
manufacture paper pulp, cardboard boxes and magazines from recyclable paper. 
Recyclable glass or cullet is used to manufacture plain glasses or cups. Glasses are sold at 
a rate of 0.1-0.33 baht kg-I. Glass constituted about 1-3% of the general wasle strean) 
in 1987 (TAMS PJRNfE 1989). The main sources of generation of glass in Bangkok are 
glass making factories and work shops, breweries, dairies and beverage industries, 
hotels. restaura nlS, shops, factories, office canteens, households and refuse dumps. 

Plastics constitute about 10-15% of the waste stream. Plastic oxidises faster if used 
with recycled material. Therefore careful sorting is essential if these plaslics are used as 
one of the raw materials of granulated plaSlics. Plaslics are purchased ala rate of 39 
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baht kg -I for polyproplyene and 26 baht kg -I for polyethylene respcctively (TAM S 
PIRNIE 1989). 

Some of the factories use recyclable materials as raw m:Herials (waste paper, glass, 
plastics etc.) and the benefit/cost ra tio of prod uction of most of them were reported to be 
higher than 1.5 (!3utsapak 1984). 

5. Legislation 

In Thailand, the existing laws and regulations on solid waste management are out­
moded. Most of the present acts deal with either regulation of the refuse contajner or 
general tidiness of refuse in the city area: particularly from the public point of view, there 
are no laws governi ng the recycling process. By implementing laws and regula lions 
concerning disposal bans, mandatory deposits and requirements or introducing ad­
vanced disposal fees for goods as in the U.S.A. (BIOCYCLE 1992), a reduction ofwastc 
disposal can be achieved. 

5. IOn-going project.\' ill Thailand 

The BM A recently oper<:lled a three stage project to improve the recycling process. In the 
first stage, recycling materials were separated at the BMA City Hall II at Din Daeng, 
Bangkok. About 2000 kg of waste was collected of which paper (29.8%), plastics 
(1.82%) and others (68.38%) were separated. The project was successfully accomplished. 
In the second stage of planning BMA has decided to extend it funher in schools 
managed by BMA, to make the younger generation more aware of solid waste 
management. In the third stage, BMA has decided to execute the project in a small 
village called Muban Sevallai at Bangkok Yai district. The BMA, Nationi:ll Bureau, 
Ministry of Education along with the Thai Environmental and Community Develop­
ment Association (TECDA) are jointly organizing projects to euhance solid waste 
management effectively. The BMA has also decided to convince people to use easily bio­
degradable materials such as bags made out of water hyacinth for their household 
rubbish, as the BMA h<:ls failed to clear the plastic bags. 

In order to conserve the environment. Seagate, a company in the Rayong Industrial 
Park, is taking measures to reuse and recycle their supplies or cardboard and paper, 
recycling chemical miJterials and locating surplus equipment within the company before 
purchasing new equipment. The Asian Institute of Technology (AlT). at Pathumthani. is 
conducting a project in connection with recycling. Several mitigating steps for the 
possible reuse of solid waste generated (electronic batteries, paper ctc), have bccn 
formul<ltcd. 

6. Conclusions 

Recycling offers a substantial red uction in the cost of waste disposal. ft sa ves energy and 
expensive raw materials, and also protects the environment. Growing population. rising 
incomes and changing consumption patterns complicate the waste management prob­
lem. In most of the developing countries the ability to manage the waste elfcclively lags 
far behind its rate of growth. To increi:lse the rate of recycling processes the following 
steps should be considered. 
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•	 Educational progral)1mCS, Conducting public eduC<llion programmes that stress 
the benefits of recycling. The public should be made aware of adverse soci<ll. 
environmenlai and health dkcb of unregulated open dumping ~ystems prevailing 
in Bangkok. 

•	 Legislative measures. In order to enhance thc recycling processes stringent legisla­
live measures should be rei nforccd as there are no laws concerning recycling. 
National legislation, incenlives. policies and programmes encouraging waste minimiza­
I ion and waste recycling/reuse an~ vital to the ,ltlalI1menl or a successful recycling 
organization. Legislation could sIan with encouraging waSIC minimization through 
speciiJ I tax illcenti yes 1'01' produccrsji ndustries. Recycling programmes should be 
inlcgr<lted wilhin a city's overall solid waste mam.lgeI1lenl plan. 

•	 Organizational measures. In order to operate lhe system effectively, economic 
benefits should be given to the consumers. For example, in Thailand a deposit­
refund syslem is implemented for items such as bottles. This system if operated for 
olher reusable materials could encourage recycling and prevent pollulion. Com­
l11uni ty panicipa tion shOll Id be strengthened by public awareness campaigns 
organized by legal :luthorities and NGO's (Non-Gov<ernmcnlal Organizations). 

•	 EconOJnjc aspects. Separation at source should be encouraged wherever possible to 

increase the potcnlial for waste recycling. Since the pricing system for recyclable! 
reusable materials in Bangkok is inconsistent, it should be organized for recycling 
to be more cffective. A solid waste pricing system which provides ongoing 
incentives 1'01' households is needcd. Subsidies can be provided to \Va~te authorities 
and the pri V<ltc sector for various aspects of solid waste managemenl. Subsidies for 
resource eonserva tioD, resource recovery and red tieing iUlerest on loans financing 
waste recycling investmenls, could enlHlJ1Ce the recycling process. A deposit-refund 
system should be applied to materials such as beverage containers, automobile 
balteries and pesticide containers, etc. From an administrative perspective. these 
measures will be efficient since they require no moniloring or olher involvement by 
authorilies. The future deve10pmen t of small waste rccycli ng indusl rics wi 11 provide 
an excellent return on in vestrnen t for cntrepreneurs. Benefit/cost ra tios in excess of 
1.5 have been reported in many of the small scale industries. In order for these 
industries (0 be economically viable extended credit should be made available to 

entrepreneurs to encourage development of small scale waste recycling industries. 
Funding could be supplied by a combination of privatc and municipal finance. 

•	 Technical aspects. Discarded products can be reused in the same basic shape as the 
original. For example bottles are reused in Bangkok. Waste can be reprocessed into 
a new product of comparable composition (e.g. glass cul1et). In BSlJgkok lherc are 
few small scale industries which usc the recycla bJc materi<lJs in manufact uri ng 
processes. Waste is processed into a dilferent material or form of energy at this level 
of recovery and reuse. For an example, composting, bio-gas alld ethanol produc­
tion. 

•	 Other options. Health, safely ;.lnd lhe lraining or oper<lLing personnel in waSle 
recovery streams. 
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