Chapter 8

Estimation of Future IW Generation



The Study on Master Plan on Indusivial Waste Management in the Bangkok Metropolitan Area and
its Vicinity in the Kingdowm of Thailand

JICA
8.1 Socio-Economic Framework of the Master Plan

8

8.1

8.1.1

Estimation of Future IW Generation

Socio-Economic Framework of the Master Plan

Population

The current population in the Bangkok Metropolitan and Vicinity (Bangkok, Samut
Prakan, Nonthaburi, Pathun Thani, Samut Sakhon) is approximately 8600 thousand in
the year 2000 according to the registration record at the Department of Local
Administration, Ministry of Interior. The region-wise distribution of population is
shown in Table 8-1 below.

Table 8-1: Population in the Study Area

Region, Changwat Population
Total Male Female

Bangkok 5,680,380 2,761,012 2,919,368
Samut Prakan 995,838 485,562 510,276
Nonthaburi 859,607 412,645 446,962
Pathum Thani 654,701 319,014 335,687
Samut Sakhon 428,814 210,494 218,320
Bangkok and Vicinity

(Study Area) 8,619,340 4,188,727 4.430,613
Whole Kingdom 61,878,746 30,725,016 31,153,730

Source: Department of Local Administration, Minisfry of Interior.
Compiled by: Statistical Data Bank and Information Division, National Statistical Office
(NSO).

Regarding the growth of population in the Bangkok and its Vicinity, the higher
growth has been found in Vicinity since 1980 while the rate of population growth in
Bangkok Metropolis has been lower than 1% since 1980.

Table 8-2: Population growth rate in the Study Area (1995-2000)

Unit: %/annum

Year Bangkok Vicinity Bangkok and Vicinity
1975-80 345 2.66 3.22
1980-85 0.80 3.61 1.64 |
1985-90 0.68 3.85 1.72
1990-95 0.09 2.14 0.82

1995-2000 0.39 2.27 1.1

Source: Department of Local Administration, Ministry of Interior.
Compiled by: Statistical Data Bank and Information Divisicn, NSO.

Taking into account the difference in trend of population growth between Bangkok
and Vicinity, the team makes the projection of future populalion separately by
regression analysis of the past trend of population growth. The results are given in
Table 8-3 below.
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Table 8-3: Population Projection in the Study Area (2000-2010)

Year | Bangkok - Vicinity Bangkok and Vicinity
2000 5,680,380 2,938,960 8,619,340
2005 5,132,469 _ 3,244,467 8.976,936 |
2010 5,797,093 ' 3542118 | 8,339,210
Average
Growth 0.20%/year 1.88%/year 0.81%/year
Rate

The total population in the study arca is projected to be around 9.3 million in 2010, of
which about 5.8 million in Bangkok and 3.5 million in the Vicinity.

Economy

The latest information about the future economy outlook of Thailand is available at
the Industrial Finance Corporation of Thailand. According to its latest future
economy outlook, the growth of GDP in Thailand is projected as shown in Table 8-4
below.

Table 8-4: Projection of GDP Growth in Thailand (1999-2002)

Actual Projection
1999 2000 2001 2002

GDP at 1988 price

(billion Baht) 2,859 2,985 3,039 3,139

Growth Rate 4.2% 4.4% 1.8% 3.3%

Source: Economic Qutiook 2000, IFCT.

The tecam followed this IFC'T”s projection up until 2002. Meanwhile, the medium
term economic growth target from 2002 to 2006 is provided in ‘Strategy Plan
Framework Toward Quality and Sustainability of Thailand Economic Development,
which was prepared by the Ministry of Finance (MOF) and the National Economic
and Social Development Board (NESDB) in July 2001. Accordingly, the team
followed this data for this period (2002-2006) and assumed that the target annual
growth rate of 6 % given in the above ‘Strategy Plan’ will be maintained up until
2010. Table 8-5 show the projected GDP growth in Thailand on the basis of these
assumptions.

Table 8-5: Projected GDP Growth in Thailand (2002-2010)

2002 2005 2010
GDP at 1988 price
(biliion Baht) 3,139 3,700 4,951
Average Annual 3.3% 6.0% 6.0%
Growth Rate (%) (2001-2002) (2003-2005) (2005-2010)

The above projections of population and economy are only used as the background
information for the estimation of the future industrial waste generation. In case
there are any significant changes in the above figures in the future, the estimation of
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the future industrial waste generation to be made in the next section needs to be
reviewed.

Number of Employees by Types of industries

An important variable necessary to be estimated here is the future number of
employees for each categorized industry.  The reason why the number of employees
is chosen as the variable of forecasting the future TW generation is that the future
trend of IW generation is assumed to be more similar to_that of number_of
employees than that of production volume. Generally, the owners of the
manufacturing industry make efforts te lower their production cost through
increasing productivity while increasing the amount of production itself. Such
productivity improvement activities, in this case, include enhancing labor
productivity as well as increasing the efficiency of raw material and enersy
consumption, which will also lower I1W generation.  Accordingly, based on the
above assumption regarding the efforts of industry owners, the IW generation
will not increase at the same rate of production increase, but will increase af
nearly the same rate of number of employees. Figure 8-1 below shows the result
of forecasting the future trend of growth in production and number of employees in
the total manufacturing industry in the Study Area.
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Figure 8-1: Forecast of the Future Growth Trend of Production and No. of
Employees in Manufacturing Sector

As shown in the figure above, the growth rate of number of employees has been
higher than that of production amount before outbreak of the Asian econotnic crisis.
It indicated that Thai manufacturing industry had been dominated by labor-intensive
types. This is also supported by the fact that the number of employees in
manufacturing industry showed a sharper drop than production amount during the
period of economic crisis in Thailand.

In future, however, the efforts of lowering the cost of production will be further
promoted in Thailand by way of increasing labor productivity as well as raw material
and energy consumption efficiency. Therefore, the production in manufacturing
industry will be recovered in the same way as the recovery of Thai economy while
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the growth of employment in manufacturing sector will be less than the growth of
production.

Thus, the increase in IW generation is estimated to show Lhe same tendency as the
number of employees because of further cfforts of productivity improvement in
manufacturing indusiry.

In making the ecstimation of future number of employees, the team applics the
regression analysis of the past trend of the number of employees from 1989 to 1998
by the least square method on the basis of available industrial data obtained from the
National Statistical Office (NSO). Therefore, the future number of employees is
estimated here by each TSIC code with 3digits (311-390 for manufacturing industry)
in accordance with NSO categorization, as shown in Table 8-6 on next page.

However, the team assumed that there would be no change in the number of
employees ih some types of manufacturing industries.  This is mainly due to limited
availability of data and large deviation in these data, both of which makes it virtually
impossible to estimate reliable tuture number of employees. Regarding these types
of industries, the team took the average of the past data as the future number of
employees. If more data becomes available in the future, these figures need to be
reviewed.
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Table 8-6: The projected future number of employees by types of industries in accordance with the TSIC Code

Coda [Industrial Category (TSIC) 1989 1991 1593 1994 1898 2000 2005 2010
311  |Food manufacturing 53,044 72,843 144,692 130,573 154,652 182,152 217,693 248,396
312  [Manufacture of food products n.e.c. 9,692 12,208 10,388 9,840 15,031 14,889 15,8434 16,247
313 Beverage industries 42,629 13,462 40,970 18,765 13,582 14,808 13,060 11,880
314 [Tobacco manufacturas 4 10.715 5,448 8,871 ng data 8,741 5.955 3,071
321 (Manufacture of textiles 205,747 226,412 235,425 320,789 156,727 348,200 392,166 252,764
322  [Manufacture of wearing appare] sxcapt footwear 3.234 200,246 534,820 649,208 114,625 471,313 524,247 563.431
393 Manufacture of leather and products of leather, leather substitutes and fur except

footwear and wearing appars| 9617 11,480 14,023 19,461 18,614 20,159 22,571 24,5086
324 |Manufacture of footwear except vuicanized or moduled rubber or piastic footwear 14.421 37,809 40,140 8.949 11605 758 9324 3065
331 [Manuacture of wood and wood and cork products except furniture 13,164 19.809 22,384 21,050 18,265 17,178 15,393 14,192
332 |Manufacturs of furniturs, fixtures and floorings except primary of metals 29,476 20308 21,638 17312 35911 33,486 36,393 37,860
341 [Manufacture of paper and paper products 688 14,095 17,317 13,875 20474 21.831 26,407 30,984
342 |Printing, pulishing and allied industries 30.841 31,543 23,465 28,186 29408 31.635 34,614 36,288
351 [Manufacture of industrial chemicals 8,195 14,984 12,848 3,148 43316 44,988 47,317 47,608
352 |Manufacture of cther chemical products 30079 30.648 33.669 23,105 no data 26,726 28,150 25,731
353 [Petroleum refineries 2,807 2,255 12,294 3,458 no data 3.692 3711 3,793
354 [Manufacture of miscellaneous products of petrolaum and coal 162 180 no data no data 812 855 389 893t
355  |Manufacture of rubber products 13,402 15,268 28,992 20,340 28,100 29,929 31,336 31,738
356 [Manufacture of plastic products n.e.c. 9,963 18,616 30,189 44,979 73,306 63,955 72,7397 79,342
361 iManufacture of pottery 2,988 140 4,788 10,957 no data 11,827 12,644 12,052
362 iManufacture of glass and glass products 8,355 15,201 8,324 9732 7122 8,084 8,004 7.945
365 {Manufacture of other non—-metallic mineral products 26,751 22543 15,355 25470 36122 34,898 37,742 28,932
371 |lron and steel basic industries 17,802 29.005 50.016 23.828 23,292 25,166 28,370 27573
372  [Non—ferrous metal basic industries 2.969 12,124 5,868 34,411 no data 37,637 37,846 27,852
381 [Manufacture of fabricated metal products except machinery and equipment 40,139 57,971 67.439 123,320 86,838 108,320 114,668 121,588
382 [Manufacture of machinery excapt electrical 4,779 55,002 58,712 25,868 48,951 38,594 36,056 24,288
383 _[Manufacture of elactrical machinery, apparatus, appliances and supplies 52,853 45,164 65,433 68,542 143,596 145,114 155,450 157,508
384 [Manufacture of transport equipment 798 59,239 72,858 60,931 71,840 73,360 76,912 79,652
385 Mnufacture of professional and scientific and measuring and controlling equipment

not elsewhere classified and of photographic and optical goods 6,159 10,220 6,720 8.558 7,000 7711 7.938 8,112
390 [Other manufacturing industries 29,673 58,711 51.018 58,928 55170 60,256 52,948 53,802
Total Manufacturing 856,491 1.118,185{ 1,685,744] 1,796,583 1214457 18382642 2036966! 2133843
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8.2 Projection of the Future Industrial Waste Generation

8.21 Scope of Projection
a. Industries Covered

The industries covered in the projection of future industrial waste generation here
include all the industries located in the study area under the control of the Factory Act
B.L. 2535 (1992) or the industrial Estate Act B.E.2522 (1979). 104 categories of
tactories are given specific codes (MOI code) and controlled by these acts. The
team simplified them into 33 categories (Study Code) and clarified their
correspondence with the Thailand Standard for Industrial Classification (TSIC),
which is virtually compatible with the International Standard for Industrial
Classification (ISIC) as shown in Table 8-7 below.

Table 8-7: 33 categdries of factories and their correspondence with TSIC

Study MOI! Description of industrial Category TSIC
| Code Code

01 001-002, | Food {agricultural product, non-aquatic/aquatic animals 3
004-002 | etc.)

G02 | 010-015 | Food (flour, sugar:éa, ice, etc.) 312
GO3 | 016-021 | Beverage and tobacco 313,314 |
| G04 | 022 [Textile, thread and fiber I
GO5 | 023-027 | Textile products (clothes, mals, etc) 1 321 |
G06 028 | Wearing appare! ) o 322 |
GO7 | 029-033 | Fur dressing, footwear, etc. | 323,324 |
Go8 034 Woodwork 331
GO9 | 035-036 | Wood, cork, bamboo and other products ' 331 |
G10 037 | Furniture T 332
G11 | 038-040 | Paper, cardboard 341 |
G12 041 Printing, etc. 342
G13_| 042-050 | Petroleum and chemical produicts 351-354 |
G14 | 051-052 | Rubber ) 355 |
G15 053 Plastic Products 356
G16 054-058 | Glassware, Ceramics, non-metallic mineral products 361 .362?
: 369
G17 059-060 | Iron and Steel, non-ferrous basic metals o 371,57_5—

G18 061-062 | Metal products (tools, appliances, household furniture, 381
building inferior, etc.)

G19 063 Metal praducts {construction, instaliation) 381
G20 064 Metal products (others) 381 |
G21 065-066 | Machines {engines, turbines, machines) ag2
G22 087 Machines (for producing metal or wood products) 382
G23 068 Machines (for paper, chemical, food, textile, ic.) 382
G24 069-070 | Machines (calculating, accounting, efc.) 382

G25 | 071-073 | Electric products (machines or products under No.70, 283
Radio, eleciric instruments or appliances, elc.)

G26 074 Electric products (etectric equipment) 383
G27 075-077 | Transport equipment (ship, trains, streetcars, cars, trailers) 384
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Study MOl Description of industrial Category TSIC
Code Code

G28 078-080 | Transport equipment (motorcycles, tricycles, bicycles, 384
aircraft, elc.)

G29 | 081-084 | Precision Machinery L 385

G30 085-087 [ Others (musical instruments, sport, toys, elc.} B 390

G31 | 088-094 | Others (electric & gas supply, packaging, cold storage, 41
elc.)

G32 095 Others (repair of vehicles, trailers, etc.) 95

G33 003, Others (stone, watches, clocks, central waste lreatment NA

096-104 | ptant, steam generators, salt production, etc.)

b. Indusirial Waste Covered

The projection covers the whole types of industrial waste defined in accordance with
the Notification No.l and 6 of the Minister of Industry pursuant to non-hazardous and
hazardous waste generated as the result of factory operation under the Factory Act
B.E. 2535 (1992).

. Projection Period

The projection of industrial waste generation covers the period up until 2010, the
target year of the M/P.

Methodoiogy of Estimating the Future Industrial Waste Generation
Future industrial waste generation is given by the equation given below:

nom

IWG=>"> (MisGi)

i=l j=i
where,
TWG : Industrial Waste Generation (fons/year)
i : Industrial category (Study Code)
j : Type of waste
M : Number of employees (person)
G :IW generation rate (tons/year/person)
n : Number of industrial categories (33 categories)
m : Number of waste categories

a. IW Generation Rate

IW generation rate is given by each type of wastes for each of the 33 categorized
factories in the form of ton per employee per annum on the basis of the waste
generation data obtained from the team’s factory survey. The team assumes that the
estimated [W generation rate will not change during the projection period.
Generation rate of hazardous and non-hazardous waste is given below by types of
industry for each type of waste.
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Non-II'W generation rate per employce

Non-HW generation rate per employee, that was calculated in each 33 categories and
each type of waste based on the result of the tactory survey, are shown in Table 8-8.
Blank cells, including the column 06, indicate that there were no replies about these
types of wastes

The average non-HW generation rate of all industries per employee is 1,503.0
kg/year/person. However, there is a significant difference in generation rate among

industries.
Table 8-8: Non-HW Generation rate (per employee)
Unit : kg/year/person
2‘;’:: Dascriptions C01-01 Jcod.2 coz | co3 | co4 | cos | cor | cos jcosotjconsz| cio | c11 | Wi2 | Totl
Food (agricultural product,
GOi  [non-agquatic antmals, aquatic 16.9 2,987.1 2. 179.4 1.0 1%} 0.5 3,187.5
animals etc.) [ _
G02  Food (four, sugar, tea, Ica LI 19 13.91 166 7235.0 387.2
~ GO3 prink, Baveraga L 1,294.2 qg ____E ) 1B.9 171.2| 2,705 €]
GOA [Toxtle Tresd,Fia | | { 83 308 125 448 8)
GO5 [lextin product {Clothes, mals stc.)|  577.3) 164 164 259.1 _g10.04
GO6  Wiearing Apparel . o |_.ry o4 2 288.7
GO7  Hids, Fur, Footwaar ] 443 34 550 " 14 6577
CiOB M oodwork (Bny or many ilems} o 5.57_?_2 0.3 5,682.94
(oo Hoodwor (nainbos, ratian, straw) 30078 114 “-““ij
rotk elc ) e _ I . N I T S - e
G10 Fumiwe 1 52313 2.7 __ a7 - 0.1 5,346.
_G11_Pager, Cardboard . 7207, 5872 182 | 1.031.6 1,826.7)
G12 Punted matter N g 15 B vl o . 886.2 1.3 1,0684.1
G13 Chemical matter, Policloum | 5.0 272 iz _tag 218 874}
G14 _Rubber 3008 503 2008 0. 6797 06 W] 1,234.2
Gt6_ Plshepodect oo | 8867 365 7897 2M 4 44 ] 27 _]..9%23
Gi6 ::‘:"‘1"’ Coramles, nan-Mstallq ol 54 02 sl 8366 94rs 7oz 20.1) 2,573.6
Gy [reel basle Indusirias, non-fomoug 08 04 15,1286 75239 454 22 859.6
o - fretdbesloicdusiles - S R i A AR A A N - i | o
fAslal product (toots, appifances)
G18 )ousehold  funtturs,  build.ng 3.9 92 14 43131 4,327 .4
rtenor elc ) I . 77 |
Gig ['¥®  product  {sonstcton 545 6.4 2,501.8 2.561.8
inslaifaion) N N | N I S T I e B I P
G20 Maral product (olhes) 2y i i 4 | 6532 | I I S iCN
Gpq [Mochines (Frgines,  Tusblres. 607 1214] 50 1,928 8 301 3524 2.497.7
Machirery) ST S R I I o _ L
Machings (for praducing metal o
.| a
O caspaman | I T i B i ] 93
tdachines (for paper, chamica!
623 L ood. texnie etc s N it T I s T e
Flachings [calcufabig mrachinas,
Gog [TCourdng  mactines, Wil 56 2 49.9 0.8 106 9
Pumps, AT Of gas COMPrEstoy
I ik T R R I I I o o
Eledne  product  |Machines or
Product undar No 70, Rado ssl,
- 4
G2 [ e tmstmments o sppfence] 24 224 550 229.9] 12800 1707 607.7
BiC) . e = N
- Elercdr TTTTVTTTT T -
Gze [TV produd  {Einaig 787 4479 4404 488 08 34 1.429.6)
. [Favpmeny B S O __;f_ S JY D IR R
Gay [ramseation machines (SHp 28] 465 15 1.9 1.4 1277
____ [Traios, Steoglcars, Carsof Traersk 1 [ DR N I I R . e [ IS I
erar-spodah'm machines EJ
G28 wolorcycles. Yricyclas. Bicydlas o. 19 a7l 238 et 47 4rd 0.8 1,147.4)
Airuall.wmrodvmdais_ctc} i P J
(G629 Pocsonmadivery ] SIS (N X UOU % DU RO SN I IS N N L] %5
G3p [ers (busical instruments. Sport 11 s4l 457 2rry 13 64 29 3413
IR 11 13:) VUSRI SRRV R S R I - R (R N DU B, U I R
Gay e (Becic power. Ges 704 0F 4157 73 12708 14644
e JACREGIG, Cold sloragaete) ] [N I A R [N . N R _ e
IOihers {Ergne-diven for vahicay
G. 4 .
32 b motorcycles etc I D I ___j __?_6__ _ Z_TZ e _ . _ __SEJ
MHhers (Slore, Watches or Clocks,
G33 Yenlral waste Usatmenl piant 25 11. 24 16.54
G erorating steam,_sa’t efc ) . 1 R ,L,,
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's:'::: Desctiplions cot-o1 | cor2 | coa | cos | coa | cos | cor | cos [cesotlcesoz| cio | ovi | wiz | Tota
Al Category of Factories 89 2054 3513 God 709 508 178 2663 63 757 2004 208 47§ 15030

a2 HW generation rate per employee

HW generation rate per employce, that was calculated in each 33 categories and each
type of waste based on the result of the factory survey, are shown in Table 8-9.
Blank cells indicate that thete were no replics concerning these types of wastes.

The average HW generation rate per cmployee of all industries s
345.7kg/year/person. However, there is a significant difference in HW generation rate
among industrics.

Table 8-2: HW generation rate per employee

Unit ; kgfyear/person

i‘::: Descriptions wot | woz | wos | woa | wos | wos | wor | wos | wos [ wio | wir | wiz | Tot
Food (agricultural preduct
GO hon-aqualic snimals, aquatic 0.1 3.1
imalsete} . b | . -
. G02  Food {flowr, sugar, lea, ice stc | _ e o 0.2 38.5 39.7
GO3  prink, Baverays 139.8 10.4) o o B 20.7) 1,553.1) 1,724.0
G04 [Testle, Yivead, Fibrs o S | 82 24 03 109
G05  Texbla product {Clothes, mals ete.if 0.0) 0 | o8 18 24
GO6  WWaaring Apparel . 0.1 R 0.1
GO7  Hide, Fur, Footasar 1 . 0.5 o oy o _ 3.5 3.7
GOB  Woodwuck fany or many itams) 1 B | a9 | oa 80,1 44 895l
09 Wondwok (bambeo, raftan, slraw,| 24 0.7 31
otk ale.) _ N L I
G0 Fumilre ] o ”7117.0 . ',,8' o B 357 HBR 1954
G111 Paper. Cardooard R G4l e 8.1 8.5l
7 612 Printed mane: } 805 . 1884 2639
G13 Lramical mattar, Petrolaun R A 29.37 62.2] ) 21.9 27.7| 366 770.3 777?35.5 309.37 7741
G114 Rubber 0.3 S?QP I ____O_j 37y
G615 Pastzpreduct I T T 1 1 e a2
Gi6 lassware, Ceramics, non-Mataffig o 6.7 6.5
Maner —_— P I — L o
GIT Stsal bdf.in induslr.ias. non-ferrou y 4,256.0 4.256 0
_.__ jmatal basic induslries _ L I i P . -
fetad product (0ofs, apphiances
G18 pousehald  lumiture,  Building 45 68.9 733
ntedor etc } N . o I I P 1 _
Glg fiial prodet  (constuction 85.1 14.7] 996
dnstallation} 1. o b 1
G20 Metal product (cthers) 5.5 458 2 3.6 L I - 88 3065 8399
JAactines  (Englris, Tubinas -
G21 Bscninery) 160 5.0 ) 72.9 , ?9_? 5;_3 155 0
achines (for producing melal o 80 51 . 136.7] 197 2

G22
L pedpedvas L.
G23 Machires (fuwr papsr, chemical 1] 52.7 54.4

ond, taxlle et }

Machines  [ca'oulating machines,
Accounting  machings,  Wa's
PLMES, B of Q35 COMpresss
pic }

lactic  prodisct  (Marhines  of
Gag [roduct Lnder Na70. Radio ser 17 f21 0g ti21g 96712322
Electdc Instrumants or appfiances

pir )

G24 0.2  61.7 07| 17.6 2.5 88 1300 104§

28 Elecirc product (Elecirid 616 78.5 12.7 22l 755 2505

Favipment}
Trarsportahon  machines  (Shep,
fTraiits, Streelcars, Ga's of Trajles

G27 0.7 1.7] 28.% 1855 969 2J229

rl‘ransp':-riat'm machined
G283 IMolorcydes, Trcydes, Bcydes 111 03 104.64 282 4.7 20.4] 5472 22386
Furcraft, YWheeled vehices sic )

G289 Predson machinery | N 4.3 7117',017'7 2704_2" P ] 8.1 00 496
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f_‘;‘t‘f:' Bascriptions wat [ woz | wos [ Wod | WO5 | WoG | WOy | W8 | WS | Wig | Wil | W12 | Tofal
G0 Khars {Muzical Inslruments, Spod 11 12 24
Cooflemeley g S S IRV IS SO IR U I B D
GM otrars  {Elactdc  powar, Gas 08 o8l
.. fecragig. Coldstoragaete} | N I, N W I - [N N I _ o ———
Gaz IDthars {Engne-drivan for yohides| 436 124.0 473, 47 7484
........ prmeloreycasete. ] - - [N SN IR S
IDheis {Sieno, Walchas or Clocks,
(33 Central wasts Uealmonrl gfant] 6 (4 1.0 46. 50.4f 102.7
[3onarating sleam, salt ete.)
. All Category of Facterias 18 7.0 29 15 6 0.8 48 a0 664 0.0 0.8 1253 121.7) 345.7]

b, LEstimation of future number of employees

The future number of employees by industrial type, which were simplified to 33
industrial codes for this survey, was estimated in the following way.

e The number of employees in 2001 is obtained from such data as DIW factory
data, which the team used for the factory survey. The total number of employees
in the study area in 2001 is 1,584,782.

o [f study codes agrec with individual TSIC codes, TSIC increase rates in the
nummber of employee, which were calculated in the previous chapter, is used to
estimate the future number of employees.

» If study codes include plural TSIC codes, weighted average of employee increase
rates of these TSIC codes is used to estimate the future number of employees.

e The rest of study codes, G31, G32 and G33, do not fall under any of TSIC codes.

The increase rate in the total number of employees is used to calculate the future
number of employees.

The number of employees in 2001 in each study code is shown in Table 8-10, along
with the ratio of the estimated number in 2005 and 2010 to the current nusber.

Table 8-10: Number of employees in 2001 and its increase

Study Mos. of

TSiIC
Code Descrptions Coda Employse

{200%) {2645} {2010}

Increase Rate

GOi _¥Food (agricuttural product, non-aquatic animals, aguatic aalmals etc.) B 31 92,554 1.147 1.309
602 food flour, sugar tea. lesetey . 312 | 30885 | 1.046 [ 1073
G03_ Dxink, Bevarags e . R 313314 17,448 1.005 1.608
GO4  §Fexile, Thread, Fibro o o e N 321 | 142267 | 1.007 1009
605 _[Toxtile prouct (Clothes, matsote) e e 321 ) B8.807 | 1.007 1.009
G056 Wearing Apparel e ) o 322 | 189939 | 1084 | 1.165
G07 Hide, Fur, Footwear R o - . 323324 54,105 1.057 1.117
_G08 Woodwork (any or many items) I -1 25290 | 1000 | 1000
G0 Mvcodwork (bamboa, rattan, straw, cork elc.) . o 3311 15283 | 1.000 1.008
_G10 _Furmiturg L ) 332 ) 29779 | 1084 [ 1110
G11_[Paper, Cardboard e 341 | 26579 | 1.161 1.362
Giz _printedmaller N e 342 | 34p49 | 1072 | 1.146

G13 Chernical maller, Petroloum __;
Gi4 Rubber

GI5 _Plastcpoduel

. |ss1354| sses2 | 1eig | 1023
) 355 | 35823 | 1032 | 1.045
.| 398 | 98805 | 9403 | 1202
361,362,
M o o | ase _11_.168 1037 1.058
G517 [Steel basic induslrigs, non-feirous metal basie Industies L 371+3727) 29,249 1.017 1.036
| 38t | 13ge9 | 1067 | 1.131
| 381 | 18518 | 1067 1.131
301 [Tsapag | Tuoer |wimi
e 382 | 14406 | 1.000 1.000
G22_Machines {for producing metal or wood products) - | . %82 ) bsea | 1000 | 1000
G23 Machines (for paper, chemical, food, lextila etc.) 382 | 5204 1.060 1.000

_G24_ Machines (caloulaling inachines, Accounting machines. Water pumps, air or gas compressors ete)] 362 | 56,926 | 1000 | 1.000 _
Electr in i ; .
G25 Bt:; ¢ product (Machinas or Product under No.70, Radio sel, Electric instruments or appliancas] 283 120,045 1,046 1,060

G16 [Glassware, Ceramics, non-Metathc Matter

G193 _Melal product {construction, inslaffation)
(G20 plelalproduelfothers) L
G2i_ Machines (Engines, Turkines, Machinery}

"G26 [Electic product (Electric Equiprent) 383 | 24898 | 1046 | 1060
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Others | (Englne -driven h( vehlcl(g:s ur_l_uolon_,clus olo.

Siud s | Nos,of .

cod: Doscriptions ;3:‘(; Emplayen| 170880 Rats
. {2001} | (2008) | (2010)

G27__[[ransportalion machings {Ship, Trains, Straetcars, Gars of Traters) 384 64,702 1.037 |

G2 Tran__p_mtptiqn machines {Motorcycles. Tricyclos, _E}Iggc_l_g_s_ Alrer Wheeled vehlclss etc ) 8d

Others (Stone, Waltchas or Clocks, Cenlral waste lrealmentplanl Genomling steam, salt etc) N

All Category of Factoiles

1,684,762

8.2.3 Estimation Results of the Future Industrial Waste Genearation

The product of waste generation rate (by types of industry for each category of waste)
and the future number of employces for each 33 industrial categorics is the future

amount of industrial waste generation.

below.

a.

Non-HW generation

The results of the estimation are shown

Non-HW generations by type of industry and wastc in 2010 were obtained by
multiplying non-HW generation rate by the estimated number of employees in 2010",
Non-HW generations by the type of industry and waste are shown Table 8-11 and
Table 8-12 respectively.

The total non-HW generation is estimated at 2,601,993 fon/year in 2010, which is 1.1
times more than 2,364,782 ton/year in 2001,

Table 8-11: Non-HW generation by type of industry in 2010

Unit : tonfyear

Study Descriptions col-otfeod-2| coz | coa | coa | cos | cor | cos [cos-oifcosnz] cio | c11 | wia | Total
Food  (agdoulural  prouct
GOI fponaquaic  armals,  aquaty 2,047361,897] 339 21.694 122 12] 60 385,475
primals efc }
GOZ_ Food (flour, 503, 1o, Iea otc) 53 458 613 167 R DO N SR P
GO03 . Baverage 22,764 NE N 21,330 | 3,013 47,586
G4 _rantle, Traead, Fire 1,200 4,423 4733 - 1012 1,851 64,877
GO0O5  [Texbla product (Clotnas, mals ol ) 34255 __ 97 3 973 15374 24219 IR o ___5_'.}.995
GOB |WearngApparsl (R I REXCE I T A 12,824 63,884
Q07 s, Eur, Fontwsar T 244) "3.339 9,660 o gael _ |_ T7e Taruer
GO8  MWocawork (anyc« manyllemSl I S $41,047, L R L 254y 143,785
Gog  [fondesk fhambon, raan, siraw 50724 180 1,944 51,845
G10_Fumture o - ) EEFEIE D I N - 3242 | 76.736}
BT paper, cardoarg T N N AL X EL I R D N A N 37,485 66,377
GiZ prnted manar — S 7T 344147 41521
G13 _[Chamical maner, Pstroleum I L Y ] _ {8y 1314 5226
G4 Fubbor _ 11,261 i#83_rs526f T - &0 46,203
GI5 Pl progudt Tlaetel as71 83504 2ae | s | ] B YT D R EA 2T
Gip [orssmware, Ceramics. non-Mslalic 4 222 g 41,282 30.589] 875 112,003
Staet basic indutinies, ronlemoud - T g o PP N
_G_.IL nelal basic industdas | N 924 824 - _ N 2?7170719 77‘:17076 ?E?f§1
etal product {lools, appliances
G18 |household  furndure.  building 53 146 23 68.365,
,,,,, nerorgte) SRR SVUUPION IV RN S _
Melal produtt (mu-umcbon
G19 Learateny | N B L. D s f B I R i
G20 Matalproduciothers) | | 244t 14,167 191 EED. __| 69473 i - 84,565
G2t ‘agx‘m {Ergines, - Tutines 867) 1I45 7 27,78 434| 5,073 35,982,
T hng Machines l_fo??oouc‘ng matal o | I T YT T T I
Ll e S I Y N Y Y DRSO I Y e
Aacturas (for paper, chemical
oy O N O N Y I . O M A T I ™
Machm:s (c:.cu!:?‘r.g mao‘\rvr?q
1| m, n ]
624 m““’}"‘ps FA 3,189 2841 a8 B.086;
B
77 Elecuic product Mschines of | U T U I T N
G25 E,'gc‘:"“fj o oy Radio s 305 2850 6,998 29,165 16,208 24,7220  77.32¢
pte.
Eleciic product (Elecdd I U B T
G26 Eaufpment) ) ] 2,077 14,821 e 11.523’ 12,108 . 16 9y 3]’.?5?

! The team assumes that the non-HW generation rate is constant untit 2010.
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%‘:gg' Descriptions CO01-01 | COt-2 | Coz co3 cod €05 co7 c08 [C08-01|C08.02[ G10 Gi1 wiz Total
[franspodation  mschines {Ship)
G_z_]_'_ Tralns. Suoelcas, Carsor TratorsY _ __223 273_2 . 33? R B 3_6_0] ______ __ _6_4 . o 7;"_"592
Transparlati machines]
G2} Moloreydss, Tricyclss, Bloyelas, 23 55 12,724 &77| 18,061 135( 1,354, 23 33,052
oo fureraft, Wheeled vohicles ot} | SR SR (ORI DU I A B N (N S R
(G28 Freclgonwmachnery | N DU S (T N - SO O (S, o0 | 1,490
Othars (Muslcal ingtruraants, Sport
O MmO ) AT) 2m4 1959 nnerg s8Rl || e
Others  (Elactdc  powar, Gas,
E‘E Packagung, Co'd gleagewte) | - 1,90 — E 3.125 197 N 34328 ———— _EES_SI
Dihars {Engine-drven for vehichag
Gaz pr motorcyeles alg ] 1?7, 3!0 - — __73_3 U S U DU _1_0?9
Qihers (Stona, Walches o Ciocks)
GJIY Lenlral waste treatment plant 23] 1304 23 181
Nena-sling sleam, salt e%c }
All Calegory of Factarles 59,086{395,6171402,94 106.9301187,9[}4 122,327 28,43Y 763.054] 26,417] 74,855298,903) 49.564| 75,950{2,601,993

Table 8-12: Non-HW generation by type of waste in 2010

Unit : ton/year

Non-HwW Generatlon | Generatien | Generation Rate to
Code for Descriptions Amount Amolint Amount Total (2010)
the Study {2001) {2005) (2010) (%)
CO1-01 Parts of plants such as roots, barks 58,096 58.677 59,066 93
and leave
001-02 :ﬁg: o anlmals such as honos. | 306,668 349,030 395,617 15.2
coz Parts of wood 382,775 384,397 402,943 5.5
Co3 Paper waslte 91,307 98,867 106,960 4.?
| COo4 Piastlcs or synthetic rubbers 163,704 176,273 187,904 7.2
co5 Cloth, thread and fabric 112,911 117,794 122,327 4.7
Co6 Animal's fat and cil and vegetable oli — -— -
Co7 Natura! rubbers 27,109 28,016 28,433 1.4
cos :gfrtrf‘)'s and metal alloys {nol in salt | ., £o) 742,297 763,054 29.3
C09-01 Ceramics 34.421 35,695 36,417 1.4
C09-02 Glasses 71,729 73,809 74.855 29
Stone, cement, sand or materials
C10 consisting of clay, sand or stone e.g. 285,683 292,330 298,903 11.5
tile, brick gypsum and concrete
C11 | Mixed waste 45,917 48,034 49 564 1.8
ct2 Others 63,970 69,845 75,950 29
Ali category of Non-HW 2,364,782 2,485,064 2,601,993 100.0
b, HW generation

Same as the non-HW generation, HW generations by type of industry and waste in
2010 were obfained by multiplying HW generation rate by the estimated number of
employees in 2010%. HW generations by the type of industry and waste are shown in
Table 8-13 and Table §-14.

The total HW generation is estimated to be 580,909 ton/year in 2005 and 598,278
ton/year in 2010, which is 1.07 times more than 557,456 ton/year in 2001.

Table 8-13: HW generation by type of industry in 2005

Unit : tonfyear
[’%":;gg Descriptions Wol | wo2 | woa | wWos4 | Wos | wos | wor | wes | wos | wio | wit ) wiz | Total
Foor {agrcultural preduct,
GO1  fon-aquatic an-ma's, aqualc
pramals ele )
R e — [ . I . I 10 I IR SN ___io
G02 Feodfflout sugar teafeame) | | _ | o .1 _b__ 1 I B - 1,258 L 1274

? The team assumes that the HW generation rate is constant until 2010,
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603 ik boverage || zest) |l | ) a6 reay s0229
GO4 _frewita, Thraad, Fibre el L 123 I I - 1< Bp-1F

"G5 o potct (s e}

o5 154
GOG  MWoearing Appargl

(GO07 hnda, Fuc Faobwosr g . . B D (R ‘ 257

_.GUB MWoodwork (HI‘IY o many Llﬂm!l [ I ) V .. ) N . C. 129 R .. o 3 . N Ty ) V 27276;
Gon cdwork (pambaa, ratlan, sirawe

T pokeley [N DR U I A N SN SNSRI { FA S IRV R N | F— 448

O _Fumluro 6,192

...... 264

9,815

46,258

. .. e O rcL: T SO . 1,400

GI6 plsteproduet | | N SN 538y 102496 | eeeao. f 14807 48,046
Gip (39sswary, Ceramics. non-Mslaltd

M artar 294

128,600}

GE8 househald  fumiture,  bundding

__ merorelc) e = e 8 ey [ 1,082
G19 Fetal product (constructon,
jnslallaton} o o 169 | |__2000 | _19f2
G20 Metal precductiothos) | _ o552 497G 1 Laes. 283 | 913 88y 36751 ad2rg]
621 Machinas  [Ergings,  Turbinps |
o Mashirery) by ke T e oY AN AR 2,248
Gag Jachines {for producing melal of
prood praducts) [ P S | 988 N - ...} 809 1288
623 Machinas  (for gapur, chemloal
oo, lexble ete ) gl 274 28

Machines {calculahng machinas |
G24 poonunling machines, Wala
bumps, alr of gas compressors
SN .LL:3 NV SR Ao L IO ) ¢ SR SRR, [ W 1), S - SO S - B0F _ _7a0 5854
lEIectrIc product  [(Machines o
G25 Froduct undsr No.70, Radio sel
Elactic Instrumanils or appliancey

pe) | RPN NN 2 B P71 AN S |8 {140,836 12,0791154,723
G726 Flectne product {Eledry
_ Faulpment) 1,605 2,044 _ _ .. 5841 _|_.Lo8§ 6535
27 [lransporlaticn  machinas_ {Snp,
T7alns, Stroetcara, Cars of Trailorsy L BOT| 96 B L 10,5221 5.4%7] 18,316
[Trarsportation machineg
Q28 [Molorcyddss, Encycios, Bigyddes)
[urerah, Yeheslad vohlelas alc ) 309 . S N___ 2,915 784 31 567 i.508 6219
_G29_Prectsloamachicay |} Q| ._ ... . 2 R I v | DA IR DU T4 N -7 |
G0 Dlrars {Musical instruments, Spon,
B loys elc ) q L I L [ . - IR - 1
G3i Othars  [Elactdc  power, Gas
Packaging. Co'd stoage slc ) 16 163
G32 inars [Engira-drivan for vehiciey
- ¢ molorcyclas etc I R 14200 .. 8329 N 9,601 121 19,164

ISlhers (Stona, Walches or Ciocks :
G33 ental waste teatient plant,
Gererating stoam, saft oic ) 5 11 485 5211 1,069,

2
Al Calegary of Factories 1,966/ 3,008 4,687 54,79N 607 15,6360 198501163974 16] 1,502 i87,977 126 892580,909

Table 8-14: HW generation by type of waste in 2001, 2005 and 2010

Unit : tonfyear

HW Code Generation | Generation | Generation Rate to
for the Descriptions Amount Amount Amount Total (2010}
Study 2001 2005 2010 (%)

WOt Acid 1,881 1,966 2,000 0.3 |
w02 Alkalis 2,956 3,003 3,044 0.5
W03 Heavy Metal Compounds 4,555 4,687 4724 0.8
W04 Liguid Inorganic Compounds 51,774 54,797 57,590 9.6
W05 Solid inorganic Compounds 585 607 628 0.1
W06 QOrganic Compounds 14,579 15,636 16,632 2.8
Wo7 Polymer Materials 18,331 19,850 21,286 3.6
B Wwos Fuel, Oil and Grease 159,690 163,974 168,340 28.1
Wag Fine Chemicals and Biocides 18 18 18 0.0
W10 Pickling Waste 1,418 1,502 1,665 0.3
w11 Filter Materials, Treatment Sludge 180,238 187,977 191,057 319
wi2 \?JQ?WT‘:’;’)C substance (besides 121,430 126,892 131,394 22.0
Al category of HW 557,456 580,909 598,278 100.0
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9

8.1

9.1.1

Non-HW Management Master Plan

Goal, Target and Strategy

Goal

The primary goal of the non-EIW Master Plan (M/P) is to develop a proper
management system of non-HW by the target year 2010 in the Bangkok Metropolitan
Area and its vicinity where the Kingdom centers industries and cconomic activities.

By the development of the noun-IIW management system, it is expected:

to preserve the cavironment and public health in the arca and facilitate the
sound economic and social development of the area, and

to promote the growth of internationally competitive industries in Thailand
complying with the strict ISO standard and the eovironmental requirements in
the international markct.

The important issues in establishing a proper non-HW management system are (i) to

generated as much as possible (Reuse/Recycling) and (iii) to properly treat/dispose of
I'W, which could not reused/recycled (Proper Treatment/Final Disposal).

With such recognition, the goal of the M/P set above can be interpreted in practical
terms as follows.

l.

An appropriate on-site [WM system is cstablished. That is, factories
minimize [W generation as much as possible, and rcusefrecycle generated TW
within the factories to a maximum extent. Factories discharge only waste that
they can not reduce nor reusefrecycle by themselves, and subcontract its
collection/transportation, reused/recycling, and/or tinal disposal to waste
business enterprises with authovization to render such services.

Aun appropriate off-site [WM systemnt is also established. In the system, waste
that is once discharged by factories is reused/recycled as much as possible.
Waste that is difficult to be reused/recycled is properly treated and/or
disposed of without environmental negative impacts.

The oft-site IWM system is established by the private sector. It provides
appropriate and adequatc off-site [WM services. The services include
collection/transport, reuse/recycling, intermediate treatment and final disposal
with properly controlled equipment and facility.

A sound market of IWM services is cstablished. In the market, the service
providers compete in price and service quality, and waste generators bear the
cost for appropriate service.

9.1.2 Targets

The M/P will be implemented in two phases for the accomplishment of the above

goal.
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2002-2005
2006-2010

Shori-term:

Mid- and long-term:

In setting targets for the poal of the M/P, the team took account of the following

views,

L.

By the promotion of waste reduction at factories, the total generation amount
in 2010 is only 10% more than that in 2001.

The quality of current reuse and recycling activities is improved and the
reusc/reeycling rate as high as 80% is maintained even along with the
increase in personnel cost.

The waste amount of on-site final disposal is reduced to half by the
enforcement of strict control on on-site final disposal in consideration of the
fact that on-site final disposal is often affecting the environment.

Part of waste that is currently disposed of on-site is diverted to off-site
treatment/final disposal facilities. The waste amount treated and/or disposed
of off-site in 2010 will be 13.5% of the total generation amount, which is
2,55 tiroes more than the figure in 2001, ie. 5.3%.

Table 9-1: Targets of Non-HW Management

ltem Present Short-term Mid- and Long-
(2001) {2005) term (2010)
Generalion (tonfyear) 2,364,782 2,485,064 2,601,993
Reusefrecycling rate (%) 784 78.9 795
On-site (%) 136 13.4 13.2
Off-site (%) 648 65.5 66.3
On-site final disposal (%) 141 97 6.7
Off-site treatment and final disposal (%) 53 11.1 13.5
Reduction (%) 0.4 0.3 0.3
On-site storage (%) 1.8 0 - 0

Note: % in Brackets is the rale to the total generation amount,

The non-HW flow in 2005 and 2010 will be as shown below, assuming that these
targets are achieved.



£-6

Generation
2,485,064
100.0%

on/Otf Collection & Cn-site Reduction Reuse & Treatment/
Site | TJransport ]ireatment ’ ‘ Recyeling Final Disposal
Final Disposal
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9.7%
ReuselRecycling |
Onsite p 320,731 12.9% |
¥ 580,269 |— Lt 12,022 0.5%
23.4% Reduction 332,753 13.4%
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o | Treatment
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0.8% Residues
12,090 [
0.5%
Treatment ! Final Disposal
» 68 0.0%
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Figure 9-1: Non-HW Flow {(2008)
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Generation
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100.0%
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Treatment/

Figure 9-2: Non-HW Flow (2010)

On/Cff Collection & | On-site Reduction " Reusz& | l
Site Transport Treatment E Recycling . | Fina! Disposal |
Final Disposal
o {Factory)
173.833
6.7%
Reuse/Recycling
Onsite > 329,621 12.7%
~w 524,604 — - 12,451 0.5%
20.2% Reduction 342072 13.2%
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Qn-site | | 0.3%
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The targets of the M/P shown earlier can be summatized by three terms: generation
reduction, the maintenance of reuse/reeycling rate and the shift from on-site disposal
to off-site disposal. In addition to these, the M/P should contain activitics for the
purpose of smoothly cartying the M/P into action. The tcam proposes the M/P

consisting of eight elements as shown below. The next table summarizes the proposed
M/P.

2. improvement

of 3. Development

reuse/recycling of treatment/final
system and disposal

promaotion of facilities
reusefrecycling
industry

1. Appropriate

4. Introduction of
WM at scurce

licensing system

Maintenance of
Reuse/Recycling Rate

» Measures against the ; _ai
heavy dependence on S.hlft from On Slt.e
Generation cheap labor force. Disposal to Off-site
Reduction ¢ Measures against the Disposal
shrinking of
reusefrecycling market.
+ Measures against
unclear reusefrecycling
* activities

Targets of M/P

Smooth Execution of M/P

5. Correct
understanding of
the status of
WM

6. improvement 7. Waste
of data control management

8. Public
system unification

participation

Figure 9-3; Structure of the Non-HW M/P
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Table 9-2: Summary of the Non-HW M/P

Subject |

Short-term

Mic- and Long-tg_rm

1 Appropriate WM at Source

a. kstablishment | o
of IWM system

DIW directs factories lo have
a clear mechanism to place
responsibility  for  waste
management and a technical
control system at factories.
DIW, in cooperation with other
authorities, introduces kraining
programs  and  certificate
systems for human resources
development.

DIW obliges factories to appoint
a general manager who
comprehensively oversees
WM at factories and a
technical manager to establish
a clear IWM system,

Diw promotes faclories’
preparation of environmental
reports.

reuse/recycling

according to the nature of
waste in terms of quality and
guantity.

Diw promotes waste
reduction and reuse/recycling
to the industrial sectors with
high priority.

» DIW  provides  technical
services to factories. 7
b. Promotion of | =  DIW  prioritizes  industrial BIW  continues to  promote
waste reduction sectors that need waste waste reduction and
and reduction and reuse/recycling reusefrecycling to  industrial

sectors in the order of priority.

¢. Realization of | e
appropriate
on-site
treatment/final
disposal and
appropriate
off-site .
discharge

DIW strengthens its control
over inappropriate on-site
waste treatment and final
disposal by the factory
inspections and on other
occasions.

DWW directs factories to
separate non-HW waste from
HW, and separate non-HW
into that from production lines
and the other, and separate
waste into further categories.

Diwy promotes the
consfruction of appropriate
waste treatment/disposal
facilities.

Diw examines the
introduction of a licensing

system in accordance with the
legislation of the manifest
system by PCD.

Diw strictly controls
inappropriate  on-site  waste
treatment and final disposal by
the factory inspections and on
other occasions.
DIW  regulates
separate waste.
DIW obliges factories to entrust
their off-site waste disposal to
licensed enterprises.

factories fo

2. Improvement of Reuse/Recycling System and Promotion of Reuse/Recycling Industry
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a. Improvement
of
Reuse/Recycling
System

DIW investigates the actual
conditions of the
reusefrecycling system that
the present study could not
explore in depth and detects
problems,.

DIW establish a system to
control waste reuse/recycling
business including waste
buyers (Por Kha Khong Gao).

Based on the result of the
investigation done in  the
short-term, DIW formulates an
improvement plan.

DIW puts the plan into effect.

b. Promotion of
Reuse/Recycling
Industry

DIW regulates inappropriate
reusefrecycling activities and
promotes appropriate
reusefrecycling by preparing

technical and financial
support.
Diw promotes waste

recycling at cement factories.
DIW nurtures waste analysis,
adjustment and  blending
industries.

DIV studies and promotes the
use of existing facilities for the
waste recycling purposes.
DIW promotes R&D of various
waste recycling technologies.

DIW

continues to regulate
inappropriate  reuse/recycling
activities and promote

appropriate reuse/recycling.

DIW promotes R&D of various
waste recycling technologies,

| 3. Development of

Treatment/Final Disposal Facilities

a. Promotion of
Treatment/Final
Disposal
Facilities
Construction

oW promotes the
construction of non-HW final
disposal facilities by the

private seclor,

DIW continues to promote the
construction of non-HW final
disposal facilities by the private
sector.

b. Control over
Inappropriate
Waste
Management

DIW strengthens its control
over illegal waste dumping
and regulates illegal non-HW
treatmentffinat disposai
facilities by developing a
facility design and operation
standard.

DIW continues to strengthen its
control  over illegal waste
dumping and regulate illegal
non-HW treatment/final
disposal facilities by developing
a facility design and operation
standard.

c. Co-use of
Facilities for
Municipal Waste

Before non-HW final disposal
facitities are developed by the
private sector, DIW allows the
final disposal of non-HW to be
continued at municipal
landfills by mutual consent
between MOl and local
administrations including
BMA.

If waste disposal at municipa!
landfills is continued, DIW, in
cooperation with local
administrations, develops
reception conditions to be
applied to non-HW.

Diw puut the  reception
conditions set in the short term
into effect.

As  for the intermediate
treatment not for
reusefrecycling purpose, DIW
promotes the use of facilities for
municipal waste, if they are
available.

4. Introduction of Licensing System
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Diw examines the
introduction of a licensing
system, by which waste
collectorsfiransporters
andwaste buyers are required
o register. DIW also review
the present factory
registration system to regard it
as a licensing system of the
enterprises engaged in waste
reusefrecycling, intermediate
treatment and final disposai.
Before the introduction of the
licensing system, DIW
enforces the present transport
permit system thoroughly.

DIW regulates improper waste
business enterprises even by
withdrawing licenses.

Enterprises without license are
strictly regulated, and factories

are  legally enforced to
subcontract  off-site waste

disposal to licensed
enterprises.
Diw provides licensed

enterprises with benefits such
as technical and financial
support and information of
waste exchange, so that proper
waste business enterprises are
encouraged.

5. Correct Understanding of the State of IWM

a. Development |
of a Monitoring
Systeim

DIW reviews the present
conkrol measures executed on
such occasions as faclory
registration, registration
revision, and factory
inspections and examines
which  control  procedures
should be strengthened for
waste management,

DIw directs factories to follow
the manifest system of PCD
when it is legally established.

Following the  result of
examination done in the
short-term, DIW strengthens its
control over factories.

DWW  strictly  execute  the
manifest system.

b. Establishment | »
of  information
contral system

As for information DIW
currently collects, DIw
reviews and improves the
data storage method,

As for information DIW does
not currently collect, DIW
examines what sorts of
information should be
collected and how. Especially,
DIw examines the
implementation of a regular
factory survey and arranges
legislation.

DWW  stats to  disclose
infarmation on wasle
management as a tool to
promote public participation.

DIW  commences the new
methods of information
collection examined in the
short-term.

DIW makes further efforts to
ease information access for the
public and factories.

6. Improvement of Data Contro! System

DIV appoints the necessary
number of personnel who
control and update the
databases, - and arranges
necessary equipment.

DIW  makes a procedure
thoroughly understood and
executed so that data and

DIW maintains and develops
the database adequately.
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information necessary for the
database update can gather
from bureaus within DIW, DIW
regional offices, [EAT, and
other relevant offices. DIW
prepares software and
hardware for this purpose. *

DIW develops procedures to

share the data in the
dalabases such as waste
classification by code
numbers.

DIW attempts to open its data

Governmental organizations
relevant to waste
management examine the

introduction of a new umbrelta

Thai government introduces the
umbrella act under which waste
management is unified.

Relevant organizations modify

government organizations
concerned, takes effort to
regain confidence of public by
tightening control on illegal
dumping and strengthening
monitoring/inspection of
existing  treatment/disposal
facilities.

DIW and other government
organizations concerned open
necessary information  to
public and promote
environment education to
deepen people’s
understanding of  wasle
management issues.

DIW examines how to ask for
public cooperation for the
establishrnent of appropriate
waste management system
and how to involve peaple into
the planning process of waste
treatment/disposal facilities.

DIW develops a site selection

standard for waste
freatment/disposal  facilities
that satisfies people's

requirement.

act which regulates every their acts and organizational
issue of not only industrial structures to  promote  the
waste but also municipal execution of the new act.
waste and hospital waste.
8. Public Participation
e  DIW, in cooperation with other DIW and other government

organizations concerned ask
the general public to cooperate
for illegal waste dump
prevention.

DIW, in cooperation with other
organizations, develops a
public cooperation system for
the establishment of proper
WM and a system to involve
the public from the planning
stage of W lreatmentfinal
disposal facilities.
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9.2.1

Appropriate IWM at Source
A Establishment of TW ¥ System

In recent years, it is more and more irportant for manufactures to establish an
appropriate [WM system, which control the total process from gencration of waste to
fiaal disposal. In particular, export oricnted companies are forced to improve
environment management {urther and to adapt global standards such as ISO Lo
compete in the global market. '

The basic ideas to establish a proper IWM system arc (1) to minirize TW generation
amount as much as possible, (2) to reuse/recycle generated IW as much as possible,
and (3) to treat/dispose of the rest of IW (discharged IW) by appropriate ways to
prevent environment degradation by IW. Therefore, the first step for the
cstablishment of total I'WM system is to establish a proper IWM system at individual
factories to minimize waste generation. And then, it is necessary to promote
reuse/recycling system, followed by improvement of on-site treatment/disposal
system and contract treatment/disposal system.

Eere, improvement plans to establish a proper IWM system at individual factories are
proposed. To establish a proper [WM system, each factory is expected:

1. to establish comprehensive waste management and technical control system;
2. to appoint gencral manager and technical manager of IWM;

3. o study the state of on-site [IWM;

4. to grasp IW generation amount and the flow of on-site treatment;

5. to formulate improvement plans concerning waste prevention, reuse/recycle,
on-site  treatment/disposal, collection and transportation, and off-site
treatment/disposal; and

6. to establish the IWM system, by implementing improvement plans.

DIW need to support factories to promote the establishment of a proper IWM system
at individual factories. The most important task of DIW is to support small and
medium scale industries, which often face difficulties to establish the system by
themselves. The necessary measures DIW need to take are as Follows.

[Short Term]

L. DIW directs {uctories to have a ¢clear mechanism to place responsibility for waste
management and a technical control system at factories.

2. DIW, in cooperation with other authoritics, introduces training programs and
certificate systerns for human resources development.

3. DIW provides technical services to factories.

[Mid and Long Term]
1. DIW obliges factorics to appoint a general manager who comprehensively

oversees [WM at factories and a technical manager to establish a clear IWM
system.
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2. DIW promotes [actories’ preparation of environmental reports.to obligate
factories to cstablish a waste management and technical control system and to
arrange the post of general manager and technical manager of TWM,

b. Waste Reduction and Thorough Reusc/recyeling of Waste

As the IWM system mentioned above is established, it will enable factories to
understand the state of waste discharge. [t is important that they go further steps of
reducing waste and reusing/recycling waste.

It is almost impossible to hold waste generalion zero, but it is possible to reduce the
generation amount. In the case of lubricating oil, the appropriate usage makes it
possible to extend the life cycle, and this could bring about waste reduction.

In addition, it is important (o reconsider production process including raw materials to
achieve waste minimization and to promote reuse/recycling of wastes. Utilization of
raw materials that do not contain hazardous substances could make it easicr to
reuse/recycle generated wastes. Utilization of recycled materials, which might require
modification of production process, could bring about waste reduction and the
promotion of reuse/recycling.

DIW should support factories and lead them into waste reduction and reuse/recycling.
The possible approaches can be different from sector to sector, and DIW should take
the following actions.

{Shert Term]

L. DIW prioritizes industrial sectors that nced waste reduction and reuse/recycling
according to the nature of waste in terms of quality and quantity.

2. DIW promotes waste reduction and reuse/recycling to the industrial sectors with
high priority.

[Mid and Long Term]

1. DIW continues to promote waste reduction and reuse/recycling to industrial
sectors in the order of priority.

c. Relization of Appropriate On-site Treatinent/final disposal and Off-site
Discharge
cd Control over Inappropriate On-site Treatment/final disposal

According to the result of the factory survey, non-HW such as paper waste, metal
scrap, conerete, sand, and sludge are disposed of on-site. Even though there is limited
number of observation during the factory survey, most of disposal methods observed
were close to open storage. Some types of waste could affect surrounding
environment. In addition, incinerations of wastes in the 0il drum were often observed.
In many of developed countries, such simple waste burning is prohibited due to the
fear about the generation of Polychlorinated-dibenzo-p-dioxines (PCDDs). Even as
for the other methods, it is in general not possible to expect adequate environmental
control to waste generators, on-site treatment/final disposal should be regulated and
factories should be directed to discharge waste to off-site facilities.
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9.2.2

Therefore, DIW should strengthens its control over inappropriatc on-site waste
treatment aud final disposal by the faclory inspections and on other occasions
throughout the short term and mid- and long-term.

c.2  Thorough Waste Separation

According to the factory survey, the rate of factories that (i) does not separate wasic
info non-HW and HW and (ii) does not scparate non-HW into that from production
lines and others are 17.2% and 24.6%, respectively. These figures should go down to
halves (8.6% and 12.3%) in 2005, and to zero in 2010.

Moreover, it is desirable to separate waste not simply (i} non-HW and HW, or (ii)
waste {rom production lines and others, but into more small categories for the
following reasons. '

. Separation of waste could make a part or the whole of discharged wasles
recyclable.
. Separated waste of high purity could be a target of the waste exchange program

and reused or recycled at other factories.

. It is considered that the current reuse/recycling through waste buyers largely
depends on the current cheap labor force. Such a system will not sustain as
labor cost rises in future. Waste scparation at source will output swasie that is
easy to reuse/recycle and raise the efficiency of the reuse/recycling system.

. Separation of waste also makes it casier to treat discharged wastes.

When factories try to improve their [IWM systems, they should try to implement
waste minimization and separation simultaneously. It is important for factories to
give prioritics over what can be done right away and to put them into practice as soon
as possible. Siressing that the improvement of IWM systemns could bring about the
decrease in production cost, DIW should direct factories to separate waste throughout
the short term and mid- and long-term. In doing so, following the PCD’s manifest
systemn which requires the waste dischargers to put markings to the containers of HW,
DIW should also instruct the factories to mark their HW,

c.3 Discharge of Waste to Proper Contractors

If factories discharge wastes, they should bear the responsibility of making sure of
proper off-site treatment/disposal. It is necessary for them to choose proper contractor
such as collector, transporter, and theater carefully. In the short term, DIW should
promote the construction of appropriate waste treatment/disposal facilities and
examine thc introduction of a licensing system. In the mid- and long-term, DIW
should oblige factories to entrust their off-site waste disposal to licensed enterpriscs.

Improvement of reuse/recycling system and Promotion of
reusefrecycling industry

a. Improvement of reuse/recycling system

The result of the factory survey reveals the aggregate flow of wastes. According to
the waste flow, more than 78% of non-HW is reused/recycled. Among
reused/recycled non-HW, more than 65% of total generation amount is
reused/recycled outside waste sources, and 48.5% of total generation amount is
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9.2.3

discharged to waste collector (Por Kha Khong Gao) tor value. This survey could not
make clcar if waste collector (Por Kha Khong Gao) treat wastes, 48.5% ol tolal
gencration amount, properly ot not.

The most important point of non-HW management is to make reuse/recycling system
more appropriate while keeping high reuse/recycling rate. In order to achieve this,
neeessary measures DIW has to take are:

[Short Term]

l. to conduet a study on waste collector to understand the detailed process of
reuse/reeyeling of non-HW by waste collector and to identify problems.

2. to prepare a system to control waste reusers/recyclers including Por Kha Khong
Gao and to promote reuscrs/recyclers to register on factory registration code 105
(waste sorting and disposal facilities) or 106 (waste rcuse/recycling), which were
newly added on the list of factory code in December 2001.

fMid and Long Term]

1. to analyse problems based on the registration data and result of the fact {inding
survey and to examine the basic plan to improve situations.

2. to make action plans to improve reuse/rccycling systeins and to implement the
plans according to priority.

b. Promotion of reuse/recycling industry

In order to keep the current active reuse/recycling market and to maintain the high
reusc/recycling rate close fo 80% in the future when labor cost is expected to
increase, the following is required.

[Short Term]|

1. DIW regulates inappropriate reuse/recycling activities and promotes appropriate
reuse/tecycling by preparing technical and financial support.

2. DIW promotes waste recycling at cement factories.
3. DIW nurtures waste analysis, adjustment and blending industrics.

4. DIW studies and promotes the use of existing facilities for the waste recycling
purposes.

5. DIW promotes R&D of various waste recycling technologies.

{Mid and Long Term]

l. DIW continues to regulate inappropriate reuse/recycling activities and promote
appropriate reuse/recycling,

2. DIW continues to promote R&D of various waste recycling technologies.

Development of Treatment/Final Disposal Facilities

Disposal fees of non-HW, which municipal waste disposal facilities set, are
inexpensive, as shown below.

. 323-354 Bahts/ton including transportation fee in BMA
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¢ 200 Bahts/ton in Samut Prakarn
. About 100 Bahts/ton in other provinces

Due lo the low disposal cost, non-HW reduction by intermediate tecatment is carely
obscrved in the study area, while 74% of non-HW is get intermediate treatment in
Japan (in 1998). In the case of non-HW, there is little need for waste reduction.
Therefore, in developing treatment/[inal disposal facilities, sanitary landfills should
be promoted, as long as disposal sites can be secured.

a, Promotion of Treatment/Final Disposal Facilities Construction by the
private sector

There are only three disposal sites with DIW’s approval as of April 2002: one in
Sarabwri owned and operated by Better World Green, another in Chonburi by Eastern
Seaboard Environmental Complex, and the other under construction in Sakeac by
Professional Waste Technology (1999). On the other hand, there are many disposal
sites, which have attained authority from provincial or municipal governments and
dispose of non-HW along with municipal wastes. Even though many of these
facilities have some problems such as insufficient cover soil, it is not a large problem
to dispose of non-HW and municipal wastes together and they are prepared to receive
non-tW to a certain extent.

The targets of the M/P for the year 2010 state that on-site final disposal should be
halved from the present level and the rate of off-site final disposal to total generation
should increase trom the present 5.3% to 13.5%. This value, 13.5%, corresponds
350,000 tons/year and is equivalent to merely 9% of the present amount of municipal
waste that is treated and disposed of (3.8 million tons/year). This implies that
receiving non-HW at the municipal landfills is, not only at present but also in future,
fairly possible.

However, the fundamental idea is that the private sector should bear primary
responsibility to prepare non-HW disposal facilities. Furthermore, there is some
possibility that an increase in the amount of municipal wastes tighten the capacity of
municipal waste disposal sites in the future, and this could make municipal waste
disposal sites reject IW or raise the disposal fee. Therefore, it is better for the
government to examine the construction of new non-HW final disposal facilities.
Therefore, DIW has to promote the construction of non-HW final disposal facilities
by the private sector throughout the short term and mid- and long-term.

b. Control over Inappropriate Waste Management

The public opposition against the construction of waste treatment/final disposal
facilities is nearly unavoidable. This js led by the fact that illegal waste dumps and
improperly managed waste treatment/final disposal facilities have been negatively
affecting the natural and living environuneat. The lax control over illegal waste
treatment/final disposal operations can obstruct the existing appropriate waste service
providers with environmental care and block new entrants into the waste business.

Therefore, DIW should strengthen its control over illegal waste dumping and regulate
illegal non-HW treatinent/final disposal facilitics by developing a facility design and
operation standard throughout the short term and mid- and long-term.,

<. Co-use of Facilities for Municipal Waste
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As explained in [tem a. above, it is not a large problem in terms of both quality and
quantity to dispose ol non-HW at the municipal waste landfills, and it is practically
reasonable to do so, while the construction of new facilitics by the private sector is
promoted,

However, it is not totally free from problems. Unlike non-HW, municipal waste tends
to contain much water and organic compounds, and when disposed of with municipal
waste, part of non-HW such as metal waste can be degraded and deteriorated more
easity than when disposed of alone. Not only proper IWM at factlories through waste
scparation into HW and non-HW and execution of the manifest system, but also
regular monitoring of such items as leachate and groundwater at the landfills are
necessary. Therefore, DIW, in cooperation with local administrations, should develop
reception conditions to be applied to non-HW in the short term. Specifically, the
conditions will be as below.

1. Local governments which operate and manage municipal waste disposal sites or
privatc companies which is authorized by local governments to dispose of
municipal wastes should require waste generators to submit an application and
confirm the types of wastes before they decide to accept wasles newly.
Moreover, when they receive wasles, they have to check the wastes by
observation, and if necessary sampling and analysis are carried out. If the wastes
are different from what applications wrote, they should reject to receive wastes.

2. Local governments and DIW work together to examine necessary measures and
proper procedures in order to eliminate HW from non-HW and municipal wastes.
The items discussed are:

e adisplaying method of vehicle which transport [W;
e items mentioned in a written application;

*  measuring methods of quality and quantity of wastes received by
municipal waste disposal sites;

* inspection methods of wastes received by municipal waste disposal sites,
paying attention to mixture of HW;

* monitoring method of leachate and underground water surrounding
disposal sites.

3. Techmical supports for iocal governments to enhance the ability of analyzing HW
should be provided. It is necessary to examine the possibility to use DIW’s
laboratory to analyze HW from municipal waste disposal sites for a while.

In the mid- and long-term, DIW should put the reception conditions set in the short
term info effect, and as for the intermediate treatiment not for reuse/recycling purpose,
DIW may need to promote the use of facilities for municipal waste, if they are
available.

9.2.4 introduction of a Licensing System
a. Control by the Licensing System

It should be remarked that although the traunsporters and the waste buyers play
important roles in recycling business, the current Factory Act can not control hem,
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and the transporters’ license systemm by Ministry of Transportation and
Communication docs not regulate the collection and transportation of waste, either.
Therefore, it is necessary to develop a certain control over them to manage the proper
movement of industrial waste, and to prevent illegal dumping of the waste.

To cope with such situation, the team recommends that a licensing system should
be developed to complement the current legislation so as to establish comprchensive
control over all the phases of non-HW management after factories discharged it, and
to prevent illegal dumping or improper treatment. The system also can be
ctfectively applied to HIW control if the manifest system is combined together.

¢ Introduction Plan of the Licensing Systém

The introduction of the licensing system will follow the steps as below. The details of
the licensing systernn is explained in Section 9.4.2.

[Short Term]|

. DIW examines the introduction of a licensing systeni, by which waste
collectors/transporters and waste buyers are required to register. DIW also review
the present factory registration system to regard it as a licensing system of the
enterprises engaged in waste reuse/recycling, intermediate treatment and final
disposal.

2. Before the introduction of the licensing systern, DIW enforces the present
transport permit system thoroughly.

[Mid and Long Term]

1. DIW regulates improper wastc business enterprises even by withdrawing
licenses, '

2. Enterprises without license are strictly regulated, and factories are legally
enforced to subcontract off-site waste disposal to licensed enterprises.

3. DIW provides licensed enlerprises with benefits such as technical and financial
support and information of waste exchange, so that proper waste business
enterprises are encouraged.

Correct Understanding of State of IWM

It is necessary to grasp the state of IWM correctly in order to monitor the progress of
the M/P and properly put the plan into ettect.

The most important elements to do so are monitoring system and information system.
Since these fwo systems are complementary each other, both systems arte
indispensable for correct understanding of the state of treatment.

a. Development of 2 Monitoring System

Taxgets to be monitored are three. Monitoring at waste sources is the most important
one. The main purpose of the monitoring at sources is to know the type, quality and
quantity of wastes generated and the state of on-site treatment/final disposal, paying
special attention to hazardous substances.
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The second target is IW treatment/final disposal facilitics. To control and monitor
their operation of treatiment/disposal facilities, periodical analysis of emission gas and
cffluent by operator and on-site inspection by government organizations ate nceded.

[t is also necessary to check if the treatment/disposal facilities reccive approved type
and quantily of wastes or not. To check (hese matlers, on-site inspection, manifest
system, and analysis of submitted reports are needed.

Finaily, the entire flow of waste from from collection/transportation to final disposal
shoutd be monitored. it is indispensable to establish the manifest system, which
makes it possible for all the 3 partics, wastc penerators, waste receivers, and the
government organization (DIW), to check whether waste is appropriately collected,
transported, reused/recycled, treated and/or finally disposed of.. To make the manifest
system work, the government has to strictly direct both waste generators and
receivers to follow the rules.

Under such recognition, the team proposes the following actions to be taken by DIW,
{Short Term]

I. DIW rcviews the present control measures executed on such occasions as tactory
registration, registration revision, and factory inspections and examines which
control procedures should be strengthened for waste management. Exaraples will
be:

- the possibility to discharge HW should be examined using Ro Ngo 5 on which
factories describe raw materials that they use, and the result should be utilized in
the authorization system of transport permit (or manifest system after legistated)
(and a copy of Ro Ngo 5, that is submilted to the Office of Industrial Economies
of MOI, should be submitted to DIW).

- whether on-site treatment/final disposal is appropriately carried out should be
checked more strictly on factory inspection.,

2. DIW directs factorics to follow the manifest system of PCD when it is legally
established. Checking whether factorics follow the manifest system should be
added to the factory inspection process.

[Mid and Leng Term|

. Following the result of examination done in the short-term, DIW strengthens its
control over factories.

2. DIW strctly execute the manifest system.
b, Establishment of Information Control System

The establishment of an information control system requires examination about what
kinds of information should be obtained from which sources and how to store it.

Necessary information to establish information systems is:

1. the state of generation, storage, and treatment/disposal of wastes at sources and
the form of contract of off-site treatment/disposal;

2.. the state of generalion process, storage, treatment and disposal of HHW at sources;

3. IWM plans at sources;
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4. information on  discharged wastes which are, collected, transported,
reused/recycled, or treated/disposed of outside factories;

5. information on wastes which are received, reused/recycled or treated/disposed of
by waste disposal company and reuscr/recycler;

6. informalion on wasle treatment/disposal facilities owned and operated by waste
disposal company and reuscr/recycler, including state of operation;

7. state of improper route such as illegal dumping; and

8. information on technology, reuse/recycling, amount of waste requiring off-site
treatment/final disposal and capacity of such facilitics, and so on.

Information sources will be as follows. Numbers in the parenthesis correspond to
numbers of above items.

s Fact finding study such as factory survey (1-6)

¢ Reports submilled by generators (factories) (1,2,3)

*  Reports submitted by waste disposat companics and reusers/recyclers (4,5,6)
+ On-site inspection by governmeat organizations (1~7)

» Registration applications of waste treatment/disposal facilities (2,6)

* Reports from local people, local administrations, and police (7)

¢ Exchange of information with research institutes such as universities and
national/ foreign organization concerned (8)

The factory survey that the team carried out is a model of the first item, fact finding
study. The target of the factory survey should, preferably, cover all the factories in the
arca, but it is not necessary to conduct the survey every year, because the survey
makes a heavy burden for both the government and factories and IWM at factories is
not expected to change drastically every year. It can be said that factory survey every
5 years could provide enough data for the government to grasp the state correctly.
Since the factory survey by questionnaire tends o have a low rate of valid replies
because it is troublesome for factories to till in and they are not well aware of ITWM,
it is necessary for the government o consider legalizing the factory survey and
obliging factories to answer to the questionnaire.

The storage methods of information obtained depend on the needs for information
and the cost to gather, store and rencw the data. The team proposes that DIW should
improve its data control system in the following way.

+ Information on factories that were the target of factory survey,
reuse/recycling  and  treatment/finai  disposal  facilities, state of
management/treatment, and improper treatment routs are stored as individual
information based on their questionnaire sheets. In addition, the data will
need to be digitized to be stored as a database which is linked with the factory
registration database,

* The aggregate flow of wastes and overall problems are kept as aggregate
information.
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e Information such as manifest data, which cover the whole flow of waste,
should be saved as electronic and shared data as much as possible. If those
data cannot be saved as electronic data, manifest forms are kept in a certain
period as a reference.

It is necessary for the government to standardize all the data systems for example by
setting a coding rule and unifying data formats.

To establish the information control system, DIW should take the following actions.
[Short Term]

1. As for information that DIW have been collecting, the slorage methods should
be reviewed and improved if necessary. For instance, types of waste generated
from factories may well be stored using a coding system that the team used or
the other coding system to facilitate statistical analysis.

2. As for information that DIW is not collecting, DIW should examine what kinds
of information they should collect and how. Particularly, the regular factory
sutvey will be needed, together with necessary legislative measures.

3. DIW should start to disclose inforrnation on waste management as a tool to
promote public participation.

[Mid and Long Term]j

1. DIW should commence the new methods of information collection examined in
the shori-term.

2. DIW should make further cfforts to ease information access [or the public and
factories.

Improvement of Data Control Systems

a. Improvement of Data Control Systems

Since DIW has a special section, Information Technology Center, which in charge of
data control, various kinds of data such as factory registration data are well stored as
DB. In addition, a part of DB is open to public on the Web site of DIW. However, the
DB is not updated systematically. Since DB cannot fulfill its function without proper
management, DIW needs to take the following measures to control DB properly and
to expand its functions.

l. Rules to gather data from cach section of DIW headquarter, regional industrial
oftices and IEAT to the IT center are made clear and observed thoroughly, while
improving computer systems (both hardware and software) to make it possible for
all the organizations concerned to share the data.

2. WNecessary measures to improve DA system such as standardizing waste codes are
taken to make DB shared by all the organizations.

3. Necessary personnel and equipments are allocated to manage DB properly.

All of these should be commenced in the short term. In the mid- and long-term, some
of them may need to be continued, and DIW should maintain and develop the
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database so thal data can be cfficiently processed and the general public can access
uscful information.

b. Action Plan (A/f) for Item 1, in the Short Term

Recognizing that the incompatibility between the database of DIW managed by the
1" Center and the database of DIW’s regional industrial offices is the biggest problem

of the DB systems that DIW faces now, the tcam proposes a specific action plan
{A/P) below,

h.1 Background

At present, 120,000 factorics in the whole country are registered on factory
registration DB at DIW. On-sile inspection of Lheses factories, checking and updating
ol DB, and registration of new factories are carried out by 600 inspectors at 74
regional industrial offices. Newly registered data and rencwed data are transfecred
and processed at DIW in the following steps.

. Newly registered factory data and renewed data are saved as cleetronic data and
compiled as DB at regional industrial oftices;

_t\.)

These data are sent to DIW as the form of documents and to MOI as the form of
clectronic DB mouthly;

3. Since the DB systems of DIW and regional industrial offices are different, Oracle
DBMS and Foxpro respectively and DB made by regional industrial offices
cannol be converted to DB system at DIW, DB sent by regional industrial otfices
cannot be used as electronic data at DI'W.

4. DIW enter newly registercd and renewed data sent by regional industrial offices
into DIW DB by itself, after checking data.

In this way, DIW and regional industrial offices are doing the same input work. Since
a huge volume of data are sent and accumulated at the [T center, DIW is badly behind
with updating work of factory registration DB. This problem can be attributed to the
incompalibility of the 2 DB systems. In order to link and convert DB ol regional
industrial oftices directly to DIW DB, advanced equipments and computer/dalabase
experts are needed.

DIW has to take necessary measures to solve this compatibility problem, so that it can
save tabour for data input work and update DB systematically.

h.2 AP

Since the both DB systems of DIW and regional industrial offices are well developed,
the tcam makes a proposal to establish a DB convert system between the 2 DB
systewns, using W2000 server which has wider purposes, as shown in Figure 9-4.

"The establishment of DB convert systems makes it possible for DIW to check data in
the form of electronic data, not in the form of document, to obtained nesw data entered
by regional industrial offices at any time it want, rather than one a month, and to
update DB promptly after checking the content of new data. On the other hand, this
makes it possible for regional industrial offices to have easy access to DIW factory
regisiration DB,

9-20



The Study on Master Plan on Industrial Waste Management in the Bangkok Metropolitan Area and
its Vieinily in the Kingdom of Thailand

JICA
9.2 Master Plan

This A/P was taken up as a pilot project which was carried out from May 2002. The

. details and lessons learned are found in Chapter 13,
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Figure 9-4: Improvement of DB management systems

9.2.7 integration of the Waste Management Administration

It is natural that administration over waste management may be inter-ministerial
matter involving Ministry of Public Health, Ministry of Industry, Ministry of Science,
Technology and Environment, and Local Administrations. However, at present each
ministry and local administration performs their duty as defined in the individual

relevant laws. They have not been well coordinated.

Notification No.l1 (B.E.2541, 1998) of MOI is one of cxamples. Since the
Notification was issued under the Factory Act, the DIW became a responsible
organization for management of non-HW which the Local Administration used to
collect following to the Public Health Act. However, private collectors and treaters
for IWM have not yet appeared in spite of expectation, and the [.ocal Administration

9-21



The Study on Master Plan on Industrial Waste Management in the Bungkok Metropolitan Area and JICA
its Vieinity in the Kingdom of Thailand 9.2 Master Plan

9.2.8

still collects non-HW inevitably. Prior to the issue of Notification No. 1, MOIT and
BMA cntered the agreement providing that BMA should collect non-HW for the time
being. The agreement intended that BMA collect non-HW tentatively until the private
sector become ready lo collect waste, but the situation is still unchanged.

The responsibility of local administration to collect waste is provided in the Public
Healih Act. The Ministry of Public tlealth is going to amend the Act, The draft of the
amended Act was already presented to the Cabinet and now is waiting for approval.
The draft amendment stipulates three types of waste lo be managed by the Local
Administration with its responsibility.

. Type I Municipal Waste
J Type 2 Infectious Waste
J Type 3 Non-hazardous Industrial Waste

The Local Administration can collect and treat the waste by itself or can contracl out
the work, but it must take a whole responsibility. It should be noted that the new act
will have a conditional clausc that Notification No:1 precedes the act as for wasie the
handling method of which is defined by the notification. The Ministry of Public
[lealth expects that the local administration contracts out the services to the private
contractors and supervise the their performance.

It seems that the Ministry of Public Health does not intend to coordinate the
responsibilities of them and DIW but just respect specification of Notification No.1.
Under such a condition, it is hardly expecied to develop national policy common to
all the ministries related to waste management.

Therefore, to improve the situation, a comprehensive law on waste management
involving all the relevant agencies and integrated national policy based on the law
should be established.

In the mid- and long-term, Thai government should enact the Waste Management Act
under which waste management is unified, and relevant organizations should modify
their acts and organizational structures to promote the execution of the new act.

Public Participation

As people’s political awareness is growing due to the democratization process, there
are oppositions in increasing numbers against big-scale government projects, which
usually ignore the opinion of local people and do not pay enough attention to
environment conservation. The result of public opinion survey shows that a lot of
people in the study area want to participate in decision-making process of projects,
which could affect their lives. Therefore, in order to ask people to understand and
support government [WM policies, it is necessary for the Thai government to
establish a system in which government policies reflect people’s opinion. Public
participation in the decision-making process is to be the core of the system in the
future.

The team therefore considers that in the short term, conflicts between the
governmental bodies and the general public should be dissolved through mutual
communication, and in the mid- and long-term, the people’s participation should be
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encouraged recognizing that they are necessary members to support the I'WM system.
The specific actions required are proposcd below.

a. Short Term (2002 — 2005): bridging the gap between people and the
authorities

a.l  Regaining confidence of the public (control over illegal dumps and
improperly managed waste disposal facilities)

According to the result of POS, a lot of people recognize cnvirdnmental probleins
caused by inappropriate [WM such as illegal dumping and improper operation and
management of waste treatinent/disposal facilities including municipal waste disposal
facilities. In order to ask public to understand government IWM policies, it is
necessary for all the government agencies concerned including DIW to regain
confidence of people, by taking efforts to solve above problems, [n particular, it is
urgent issues for all the government agencics concerned to tighten control on illegal
dumping and strengthen mwonitoring/inspection of existing waste treatment/disposal
facilities.

2.2 Prowmotion of better understanding of people in gbvcrnmént basic IWM
policies and plans (information disclosure)

As the first step of consensus formulation, it is necessary for the governmenl to
develop people’s understanding in IWM issues and government policies and plans
such as waste minimization plan and waste treatment/disposal plan, by opening
necessary information to public. It is important to select appropriate media, which are
casy of access for ordinal people, considering a huge discrepancy in income and
living standards between Bangkok and rural areas. Internet is one of possible choices
in cities.

According to the result of POS, even though people are interested in IWM, their level
of knowledge is not high enough. It is necessary to emphasize environment education
further in order to deepen and broaden people’s knowledge on IW and increase
awareness of TWM.

If possible, the public commenl system is introduced to promote communications
about [WM policies between the government and public, by providing opportunities
for the public to express their opinion about the government policies, It is important
for the goverument to reply to public comments without delay and to try to
incorporate their idea to government policies in order to make the system work.

a.3  Exploration of a mechanism to involve the public into the planning
process

The general public has deep discontent with a closed planning process of waste
disposal facility projects. In order to establish the IWM system which is supported by
the general public, it is necessary to explore a mechanism to involve people into the
early stages of project planning, and to make decisions through mutual consent
among three parties, i.e. the general public, the government organizations and the
waste business entitics.

Specifically, the practical way for DIW to take for this purpose will be the
improvement of the EIA system in cooperation with OEPP and other relevant bodies.
This is because EIA will be the most advanced tool in present Thailand for people
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and NGOs to join the decision making process, and the main Rumection of BIA iy to
promote communication among the three parties, as well as to avoid, mitigate or
compensate negative impact of the project on surrounding environment,

First of all, the guideline of public participation in BIA study, which was prepared by
OEPP, should be utilized more positively. It is necessary for the government to make
public participation in the early stage of EIA study, e.g. at the stage of preparing draft
of scoping, obligatory for all project owners. Since OLPP has not have a clear idea
about public participation procedure yet, it is necessary for both the government and
public to work together in order to search for an appropriate procedures throngh trial
and error,

On the other hand, in order to realize public participation in the early stage of GIA -
study, it is essential for the public and NGOs Lo increase the level of knowledge and
abilities. 1t is necessary for the government, in particular MOSTE, to improve
supporting systems for the public and NGOs.

a.4 Development of site sclection standard

The critical point with which the people are not satisfied in many cases of waste
facility plans is sile selection. DIW is strongly recommended to prepare a site
selection standard for ['W treatment/final disposal facilities as a mecans to show the
rationale of selected sites. If the standard is developed through the intensive
discussion with people, the construction of the treatment/tinal disposal facilities based
on the standard should proceed smoothly.

b. Mid- and long-term (2006 -~ 2010): Public participation in IWM system
b.l  Public participation i illegal dump control

DIW should continue and strengthen the control over illegal dumps in the mid- and
long-term, but it depends to a certain cxfent on report given by people. The public,
who tends to always require the government to bear responsibility of T'WM, should
notice that IWM is the issue that the society as a whole has to deal with. DIW and

other government organizations concerned need to ask them to cooperate for illegal
waste dump prevention.

b2  Involvement of the general public into waste facilities planning

The mechanism to involve the general public into the planning process of waste facility
projects, that would have been explored in the short term as mentioned above, should be put
into force. Furthermore, DIW, in cooperation with other organizations, should develops a
system where the general public can participate in the establishment of proper IWM, a higher
tevel than the planning pracess of individual projects.

In practice, the government organizations including DIW should promote, for
example, (i) the amendment of Administrative Procedure Act by putting a planning
procedure and public participation in the stipulated form, and (ii) the introduction of
the basic concept of Swategic Environmental Assessment, SEA, which makes the

policy itself the target of environment impact assessment before going down to
individual projects.
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9.3

9.31

Measures for Promoting the Implementation of the Master
Plan

The projects proposed in the M/P are various involving several organizations of
different fields. Therefore, cost estimation necessary lor considering how (o promote
M/T implementation requires further in-depth studies, For example, “IWM at the
Waste Sources”, the immportant element of W/P, has three componuents, (a)
establishment of waste management system, (b) waste generation reduction and
reuse/recycling and (¢) appropriate on-site waste disposal and appropriate waste
discharge, and the implementation of each component requires the involvement of
authoritics and factorics, whose approaches for improvement can be diverse
depending on their sectors and their individual circumstances.

Therefore, the team put focus on the construction of off-gite treatment/disposal
facilities that is necessary for relevant authorities and factories to fulfill their roles
and for the goal of the M/P, i.c. the development a proper management system of
non-HW, to be achieved. Among several options for the construction of off-sitc
treatment/disposal facilities such as reuse, recycling and incineration. for quantity
reduction, the team picked up the final disposal facility development project and
examined its teasibility. This is because reuse and recycling of non-HW have already
been enough developed to cover the futurc increase of generation while quantity
reduction by incineration will never be financially feasible as an option of non-HW
treatment duc to its much higher cost than other options.

Estimation of the Cost of Implementing the Master Plan

a. Preconditions for Cost Estimation of Landfili Facility Development and
Operation

In estimating the cost of landfill facility development and operation, the team
established the preconditions as given Table 11-1 below.

Table 8-3: Preconditions for Cost Estimation of Landfill Facility Development

items Preconditions Remark
Types of wastes landfilled Al the non-HW subject to treatment
- or disposal oulside the factories
Amount of wasles landfilled 1,884,862 tons - The total amount of :.1‘oﬁnh—i——|ﬁV“V_
(2,356,079 m") that is estimated to be

generated and subject to
freatment or disposal
oulside factories hetween
2006 and 2010 in the M/P.

Volume (m*) of the wastes is

eslimated at the apparent
densily of 0.8 tons per m°.

Landfill method Sanitary landfill

Amount of soil cover used - 471,217 m° - The amount of soil cover
used is assumed to be 20%
of the volume of wastes
landfilled.

Landfill capacity 2,830,000 m® - It is estimated based on the

sum of the volume of waste
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ltems Preconditions Remark
landfilled and soil cover
used. ]
Landfill area 292,000 m* - ltis estimated based on the
3 tandfill capacity above.
Project period - Starting construction in 2004. - Starting year of landfill
- Staring landfill operation in operation is sef up at 2005
2005. considering the time needed
- Completion of landfil operation for-  construction and
in 2010. preparations for operation.
- 6 years' landfill operation - Completion year of Landfilli
operation is set up at 2010,
i.e. target year of the M/P.

b..  Estimation of the Counstruction Cost of Landfill Facility
b.1 Estimation Methods

Estimation of the construction cost of landfill facility is made by caleulating the unit
cost of construction per ton of waste landfill based on the cost estimation data in "F/S
Summaries and Pre-Appraisal Khon Kaen Municipality Sclid Waste Disposal
Project” (herecinafter mentioned as OEPP Report), which was prepared by the Office
of Environmental Policy and Program: OEPP). The estimatcd construction cost of
landtill facility wass given by calculating the product of unit construction cost per ton
ot waste landfilled and the total amount of waste landfilled.

b.2  Outline of the Laundfill Facility Plan in OEPP Report

The landfill facility development plan in OEPP Report aims at prolonging the life of
the existing landfill for another 4 years. The total development cost is estimated at
49,190 thousand bahts.

Table 9-4: Outline of Landfill Facility Plan and Estimated Construction Cost in

OEPP Report

Project ID Number OEPP-SW-G41006
Project Title | solid waste Management Systems fro Khon Kaen Municipality (Phase 1)
Exacuting Agency - Khon Kaen Municipality T
Purpose To upgrade the existing solid waste disposal sysiems so that it will have a

capability to serve the municipality up to the next 4 years.
Location . The vicinity of Khon Kaen Municipality, Khon Kaen
Type of Waste Handled | Municipal Waste
Landfill Method Sanitary Landfill
Landfill Area 112,000 m? o
Project Pericd Year of slarting operation: 1998 ]

Completion of operation; 2001
Period of operation: 4 years

Construction Cost Total cost 49,150—

(thousand bahts) Construction of waste disposal system (fandfiil) 33.289¥
Construction of buildings and other civil works 1,2?[
Operation equipment 13,750
Construction supervision {2.5%} 864
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Based on the landfill area of 112,000 m* given above, the team estimated that its total
landfill capacity would be approximately 800,000 mJ, of which 663,401 n® (431,212
tons) would be the possible waste land(fill capacity,

b3 Lstimation of the Construction Cost of the Landfill Facility

Based on the cost estimation data in the OEPP Report, the unit construction cost per
ton of waste landfilled is calculated by the following formula;

Unit construction cost per ton of waste landfilled =

(Total construction cost of the landfill facility)/(Capacity of Landtilling waste)

Therefore, the unit construction cost per ton of waste landfilied is given as the result
of dividing the total construction cost of 49,190 thousand bahts by the estimated
landfill capacity of 431,212 tons. The unit construction cost is tinally estimated as
114.1 bahts per ton of waste landfilled.

Finally, construction cost of the final disposal facility to landfill the total amount of
1,884,862 tons that is estimated to be generated between 2005 and 2010 in the M/P is
given by the following formula:

Unit construction cost (bahts/tons of waste) X Landill capacity (tons) =
Construction cost of the final disposal facility
or
141.1(bahts/ton of waste) X 1,884,862 (tons of waste) =
215.1_(million bahts)

(l.and acquisition and facility plan/design costs are excluded.)
c. Estimation of the Opceration cost of Landfill Facility

‘Table 9-5 below shows the result of estimating the operation cost of landfilt facility
by items with the assumptions applied for the estimation. All the operation cost is
given in the form of unit cost per ton of waste landfilled in Table 9-5 below. The
sum of all the operation cost is estimated as 182.7 bahts per ton of waste landfilled.

Table 9-5: Unit Operation Cost of Landfill Facility

ltem Unit cost Assumptions
{Baht/ton)
Facility construction cost 114.1 | Based on the estimation above
Soil cover 37.5 | Unit cost of soil cover. 150bahts/m3-soil

Total amount of soil cover: 471,217m3
Total soil cover cost =

(471,217 X 150)/1,884,862 tons of waste
Fuels for heavy 19.6 Types and numbers of heavy equipment
equipment | Type | Number

9-27



The Study on Masier Plan on Industrial Waste Managemant in the Bangkok Metropolitan Avea and JiCA

its Vicinity in the Kingdom of Thailand 9.3 Measures for Promoting the Implementation of the Master Plan
Item Unit cost Assumptions
(Bahtton)
o Bulldozer 2
Excavator 1
Dump truck <3 B
Water Tanker 1

9.3.2

Average fuel consumption; 200 liter/vehicle/day
Unit cost of fuel; 12 bahts/liter
Average dally fuel consumption:

16,800 bahts/day (=7 X 200 X 12)
Average daily amount of waste landfilled:

861 lons/day (=1,884,862/(365 X 6))
Manpower cost 11.6 | Number of workers: 20 persons/day
Average wage of workers: 500 bahts/day

Average daily manpower cost per ton of waste
= (20 X 500/861)

Total 182.7

Measures to Promote Proper Non-HW Treatment and Disposal in terms
of their financial viability

a. Use of Municipal Waste Landfill

According to the estimation in the M/P, the total amount of non-HW to be generated
for treatment and disposal outside factories will be approximately 352 thousand tons
in the ycar 2010, which is three times as much as the current amount in 2001, 125,000
ton/year.

However, it is only more or less 10% of the disposal amount of municipal waste in
2001, which is about 3.8 million tons, Therefore, it is the most cost-cfficient
method to utilize municipal waste landfill for final disposal of non-IIW if separation
of hazardous and non-hazardous waste is properly made, the final disposal sites are

appropriately managed by sanitary fandfill, and the landfills have enough capacity to
accept non-HW.

Many of the municipal waste landfills are managed by local administrations. Even
though private operators manage them, they are required to obtain official permission
by the local administrations concerned. In this respect, the use of municipal waste
landfill for final disposal of non-[LIW is expected to make the current non-HW
management more transparent and control its impropei'and illegal dumping.

b. Possibility of Non-HW Treatment and Disposal by Private Sector

There are some private municipal and non-hazardous industrial waste treaters
authorized by local governments while the Department of Industry also issues
permissions of non-hazardous industrial waste treatment and disposal to private
treaters. Thercfore, if a new landfill facility operator comes into the current market,
he has to compete with the existing treaters in terms of its quality of services, cost
efficiency, etc.  According to the interview surveys and data collection by the team,
tipping fees of non-HW at municipal landfills or private treaters are as follows:
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Table 9-6; Treatment and landfill fees of non-HW at the existing treatment
facilities and landfills

Treatmentlandfill facility . | Fee (bahts/ton) | Remark
Fina! Disposal (Landfill} |
On Nuch-Rachathewa 323 - Collection and haulage included.
{Municipal Wasle) Open dumping.
Nongkhaen-Kampangsaen ' 354 Collection and haulage included.
B (Municipal Waste} | Open dumping.
Tharaeng-Kampangsaen' 351 Collection and haulage included.
{Municipal Waste) Open dumping.
| Samut Prakamn Landfill 2 200 Collection and haulage not included.
(non-HW) Sanitary Landfill
Better World Green™ 900 Sanitary Landfill
(non-HW) B
Incineration (Thermal Treatment) :
Hi-Tech Industrial Estate™ 2,500 Low aperation ratio
Bang-Pa-In Industrie_!_l_Estate'4 3,000 Low operation ratio’
Borwin Industrial Estate™® 3,000 Low operation ratio

*1: SAPROF Team - JBIC Special Assistance for Project Formation (SAPROF - Phase1) for
Solid Waste Management at On-Nuch, Final Report, Feb. 2001

*2: interview Survey by the JICA Study Team

*3: Questionnaire and Interview Survey by the JICA Study Team

*4: "Survey Report, Feasibility Study of industrial Waste Uiilization Madel Plant for Industrial
Estate in Thailand", NEDO, April 1999.

As shown in the table above, the cost of incineration is much higher than the cost of
landfill in the case of non-HW. [f a new treater comes into this non-HW market,
tipping fee needs to be established at the same level of the existing tandfilis.

Taking such curtent situation into account, the team carricd out a preliminary
financial feasibility appraisal of the landiill development and operation project by
making use of the costs of facility construction and operation estimated in the
previous secction. In appraising financial feasibility project, the team established
several tipping fees as shown below.

Case 1: 200 bahts/ton
Case 2: 250 bahts/ton
Case 3: 300 bahts/ton
Case 4: 350 bahts/ton

Other conditions of the project are assumed as shown Table 9-7 below for all the
above cases.

Table 9-7: Preconditions of the Project for Preliminary Financial Appraisal

Project Period From 2004 to 2010

2004: Start landfill facility construction
2005: Start landfill operation

2010: Landfill completed
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Project Income Collection of tipping fees for final disposal of non-HW.
Tipping fee: established for each case (from 200 to 350 bahts/ton).
Amount of non-HW landfilled:

Established based on the estimation of the future non-HW generation
from 2005-2010 in the M/P

Amount of non-HW accepted at the landfill

- "T_ Amount of non-HW accepted at the landfill
Year | tonlyear m’fyear
’ A | B = A/0.8

2005 276,158 345,198 |

2006 291,418 364,273

2007 306,620 383,275

2008 321,695 402,119

2009 336,880 421,100

2010 | 352,001 440,114

Total : 1,884,862 2,356,079
ﬁ)j?agf_é;pgnses Assumed as follows based on the cost of facility .construction and

operation estimated in the previous section,
Construction cost: 216.1 milllion bahts (excluding land and facility
plan & design cost}
Operation cost:
Soil cover (fleating): 37.5 (bahtsiton of waste) X landfill amount
{tons/year)
Fuels for equipment: 12 (bahts/liter) X 16,800 {liters/day) X 365
(days) = 6,132 (thousand bahtsfyear)

Manpower cost: 20 (persons/day) X 500 (bahts/day) X 365
- {days) = 3,660 (thousand bahts/year)
Discount Rate 10% (assumed takmg into account commercial interest rate, inflation,
etc.)

The results of estimating NPV (net present vaiue) and FIRR (financial internal rate of
return) based on the above assumptions are shown in Table 11-6 below.,

Table 9-8: Resuits of Estimating the Financial Feasibility indicators

Tipping Fee NPV (bahis) FIRR (%)
(bahts/ton)
Case 1 200 -34 857,774 3.97%
Case 2 - 250 26,501,607 14.28%
Case3 300 87,860,987 23.45%
Case 4 350 149,220,368 31.91%

As shown in the table above, the project will not be financially feasible as a private
sector business if the tipping fee is not more than 200 bahts per ton of waste (FIRR is
only about 4%). On the other hand, if the tipping fee is established more than 250
bahts per ton of waste, the project will be financially feasible in consideration of the
cutrent interest rate of short-term commercial lending, which is ranging from 7 to
12%.  Although the assumption above does not include the cost of land and facility
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