The Study on Master Plan on Industrial W, aste Mmmgemefrr in !Ire Bangkok Meltr apaliteR Area and
" ts Vicinity in the Kingdon_z of Thailand

: - JICA
2 Current Industnal Waste Management

2.4

2.4

. The two DB use difforent waste classification, DIW is qtrongly rccommcnded
to define its solid waste classification system to be applled to both. .

e  The team in cooperatibn with IT Center attempted to link the Samae Dam

manifest data with the DIW factory registration DB by referring to the name of
factories and assigning a corresponding DIW registration code. Out of 599

customers registered at the Samae Dam Center only 275 were found in the DIW

factory registration DB, and furthermore, some of their names were not correct.

It will be difficult to check all the factorles Thetefore, from now on, the -
. treatment center must be enforecd to use the DIW rcglstratlon codc '

| Current Issues on IWM

Pr_ésen_t Iw Generation and IW Flow

a. IW Generatmn

".-Based on the generation dat’t of the 206 factoues that gave the team vahd answers

about waste generation, generation rates (ton/employee/year) of each category of -
non-HW/HW genmated from ecach study code of industry are calculated. Annual
genetation amount is simply calculated by multlplymg the genetatxon rates by the
number of total employees. The amounts of non-IIW and HW are estimated at about

© 2,365 thousand ton and 557 thousand ton in a year, respectively. The tables below

present IW generation of each' code of industries, non-HW generation of each
non-HW category and HW genelauon ‘of each HW category.

Table 2-4: W Gen_erati_dn of EaCh_ St_udy Code of Ind:UStriés

Study © Nor-HW HW Total
_Code Pescriptions : {toniyear} (tonlyear) {tonlyear)
601 gg:;nfal(sag?cc;nurai product, nan- aqu§t;c animals, aquatic 285045 - . 9 2'95.024
02 Food {flows, sugar, tea, ice elc.} 11,881 . 1,218 13,099
G03 | Drink, Beverage ’ 47,208 30,079 77,287
Go4 Texdile, Thread, Fibre | 64,299 1,662 65,861
G05 Textile product (Clothes, mats etc) 53,513 183 53,666
GOB | Wearing Apparel 54,835 19 54,854
co7 Hide, Fur, Footwear 42,183 . 243 42,406
G08 | Woodwork {(any or many items) 143,705 - 2,264 145,969
G08  { Woodwork (bamhboo, rattan, straw, cork etc.) 61,848 48 . 61,896
G10 | Furniture 159,222 5,820 165,042
Git Paper, Cardboard 48,735 227 48,962
Gi2 | Printed matter 36,232 9,156 45,388
G13 Chemical matter, Petroleum 5,107 45,305 50,502
G14 | Rubber L 44,213 1,357 45,570
G156 Plastic product : 93,787 43,559 1 137,346
Gi6 Glassware, Ceramics, noa-Melallic Matter . 135,849 284 - 106,233
‘G17 Steel basic industries, non-ferrous metal basic indusires 888,620 124,484 793,104
Gia :_:ailt:ilngpirf?ldet:gr é:ggls, appliances, household fumniture, . 60,445 1.024 61,470
Gi9 Metal product (constnuction, installation) 47,439 1,848 49,287
G20 Metal product (olhers) 74,7710 75,984 153,754
G21 Machines (Engines, Turbines, Machinery) 35,982 2,248 38,230
G22 Machines (for producing metal or wood producis} 2,346 1,298 3,644
G23 Machines {for paper, chemical, foed, textile ele) 2,985 283 3,268
Machines {calculati i i i :
G24 Water pum:)s, air orgisrgﬁ:];?::;o?xz)n‘ng acines 5,086 5.954 12040
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Non-HW
Waste Type | Code for Descriptions Fotat Generatlon
ey the Study L RASL _ Amount (tonfyear)
| co1-01 Parts of plants such as roots, barks and leave 58,006
0.01'_02 :::,:t;f animals such as bones, skms hair and 306,668
C02 Parts of wood 382,775
C3 Paper waste 91,307
o4 Plastics or synthetic rubbers " 163,704
P cos Gloth, thread and fabric 112,911
Non-HW :COG __{ Animal's fat and oil and vegetable oil
: - Co7 Natural tubbers 27,109
i cos Metals and metal alloys {not in sall form) T 720,592
G09-01 Ceramics : 34,421
C09-02_ | Glasses - ) 71,729 |
o | o o s e S | s
C11 - | Mixed waste 45,917
¢12 - | Others 63,970
Totat Nan-HW 2,364,782
wo1 Acid . 1,881
Wwo2 Atkatis 2,956
Wo3 Héavy Metal Compounds 4,555
| wea Liquid Inorganic Compounds 51,774
" W05 Solid Inorganic Compounds . 585
Co Wos Otganic Compousnds 14,579
HW Wo7 Pofymer Materials 18,331
wos Fugt, Oil and Grease 159,690
| - Wog | Fine Chenficals and Blocides 18
w10 | Pickling Wasle 1419 |
Wit Fitter Matesals, Treatment Sludge 180,238
@ w12 Cther Toxic substance (besides WO1-Wi1) 121,430
& Total HW 557,456
b. Present IW Flow

MEIectric product (Machines or Product under No.70, Radio ; )
G2_5 set, Electric instruments or appliances efc.) 72,881 147,918 220,870
G286 Electric product (Blectrc Equipment) 35,599 6,247 41,846
G27 Transporiation machlnes (Ship, Trams. Shreetcars, Cars 5,966 17,663 24,649
- or Trailers)
Transportation  machines  {Motoreycles,  Tricycles, -

G28 Bicycles, Aircraft, Wheeled vehicles elc)) il 5,997 86,771
G29 Precision machinery 1,426 2,878 4,304
G330 Others {Musical instruments, Sport, Toys alc.) . 13,929 8 14,027
G31 g:x;ers {E!eclnc power Gas Packaging, Cold slorage 36,605 15 - 35,620
G32 Others(I:ngmewdnvenforvehlclesormolorcycleselc. 983 18,114 - 19,077
; Others '(Stone, Watches or Clocks, Ceniral waste p

33 ' ) S -

G treatment plant, Generating steam, saft atc.) . 15? : 1'.009 172
Total e C 2,364,782 557 458 2,922,238

Table 2-5

: Non-HW _énd HW Generation of Each Waste Céfegory

The team estlmated current IW ﬂow in the study area based on valid relies of 206

storage,
collection/transportation,

- on-site  treatment, . on-site
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on-site

~ final

- factories on IW generatton and on-site/off-site IW disposa! method i.e. on-site
> reuse/recyeling,
off-site reusefrecycling, off-site treatment and final

disposal,
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dlsposal The table below shows current non-HW flow and HW ﬂow in the etudy

arca,
) Table 2-6: Non-HW Flow and HW Flow in the Study Area (200_1)
S W Nonew | HW T
ftams - 1t Amount Rate to Amount Rate to -
- T (tonfyear) Total (%) (ton/year) | . Total (%)
1. Generation . 2,364,782 | - 100.0 557,456 - 100.0
- On-site Dlsposei1 - 707,574 © 299 | 313,803 . 56.3
__Off-site Disposal ? _ 1,657,208 - 704 243553 43.7
2.Reuse/Recycling 1,853,964 784 | 101,337 18.2
On-site - ' - 321,414 136 ). . 224585 - 140
Off-site - . - 1,532,850 64.8| - 78,882 14.2
3. On-site Storage 42,081 18] o 3842 - 0.7
4. On-site Treatment 20,408 © 08| 182994 - 328
" (Reduction) ™ (8,493)| . - (0.4)| (123,935) (22.2)
5. On-site Final Disposal 335,526 C 144 "~ 120,063 T 218
6. Off-site Treatment and ' ' SRy L A
Final Disposal : . 124,71§ - 531 0 208,279 S 374
7. Collectmn by Waste ' ' . : R
Buyers S 1,147,738 SR .:18.5 : __4_?,472 . 85
1. The term of disposal covers siorage dlscharge colle,cuon transportatlon treatment and fnal

disposal of waste. In concrete lerm on- site dlsposai covers 1W long term storage.
reuseirecychng, treatment and fi naldlsposal at the generatlon sources, i.e. factones '

2. Offsite d|sposal covers W co!lectlonftransportatton reuselrecychng, treatment and final -
' -'dlsposal outside oflhe factones o :

3. Reduction refers to the lost amounl of waste through treatrment such as dewatering, drylng'
:ncmeralang, etc :

4. Waste buyer in Thal is Por Kha Khong Gao :

_The following figures illustrate the above-mentioned non-HW Flow and HW Flow in
2001 respectively. In addition IW flows of 13 categories of non-IHW (206 valid reply -
did not report C06: Animal’s Fat and Oil and Vegetable Oil) and 12 categories of HW
as well as non-HW/HW flows of 33 categorles of industry are prepared and presented
in Annex 4.1,
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Non-HW Generation Flow {tonfyear)

 Present

Factory Category - All All Factory Category : -
Type of Waste All Ali Type of Waste S . o . )
: . ““Collection & On-site Reduction] | Rewse & ngite ~site | reathvent, : Final Disposal
Site | Transpeort —I tTreatment : | [ i Recycling ' lstorage i & Final Disposal : E :
: - ) ) _ ) R Final Disposa ’
» [Factory)
i'ﬁ'ﬁomge . . 335,526
| 41,822 14.1%
Reuse . | 1.8% o
. Onsite I Recycling |
—m» 707,674 309,821
29.5% Reduction] | 131%
e B483 L
T 04% Reuse
On-site » !/ Recycling
| Treatment| | 11,883 . i
20,405 . | |- L 0.5% Storage
0.8% »| 259
0.0%
Generaton Finat Disposal
2,364,782 I {Municipal}
100.0% Municipa » &0 00%
— > 34,975 W IESTE ] .55
1.5% . 31,450 1.3%
E 5 2%
Citsite | | [Private Company| . ’ i fvate Licensed |
1,657,208 474,456 . N 37,855
201% | ' 1.6%

Reuse/Recycle

Waste Buyer L 384812 8.3% Privale others
Ll . $,147,738 » 30297 T %) » 26,378
48.5% : HEIDA TV % 0%
Waste Buyer] -
L 1,117,446 | - : e
: 47.2% . Unit: tonfyear
0.5% _ : . 5 :
] 84598 | [ 1855864 7 . K 58250 [6Z037]
: —6F% | [ 785% | ) | TE% 1. LTB5%

' Figure 2-6: Non-HW Flow in the Study Area (2001)
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HW Generation Fiow (tdn!year)

2001 |

Present

Factory Category Al All Factory Category
Type of Waste Al All Type of Waste '
n Coilection & On-site Reductlon euse On-site] Off-site ireatment = imal Disposal
Site | { Transport ’ Treatment | Recycling Storage’ | & Final D:spasal[
Final Disposal
{Factory) .
torage L-.-——-——p‘119,?13 g‘i.s%
M 2,054 > &0 0.7%
Reuse 0.4% i T20,063] 21.6%|
Onsite 1 /Recyc¢ling -
r» 313,903 » . 9,142
56.3% eduction 1.6%
123,935 -
22.2% Reusg
On-site "t I Recycling
Treatment » 13,313
' 182,994 2.4% . [Storage
C 32.8% » 1,788
0.3% : :
Generation Final Disposal
557,456 | . {Municipal}
100.0% unicipa » 42,3685 7.7%
686 : » 656 0. 1%
D.1% . s 2,543 T.5%; .
! EE R B5.5%)
Private Licensed
L OHsite Frivate Compary p [Z LI 01%
243,553 195,385 — 135,953 24 4%
43.7% 35.1% 136,647 — | Z4 5%
Reuse/Recycle | 7
Waste Buyer Ll 31,410 5.7%) rivate others
T B e WY 5T% 25,433
8.5% W_éj'%'{ 4.5%
-[Waste Buyer . :
— 4?;;3 Unit : tonfyear -

Figure 2-7: HW Fiow in the Study Area (2001)
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C.

Limitations'in the'Use of the IT'W Flow

Though the team dwc!c)ped the TW flows, there are following limitations for the
application of them. The team, therefore, recommends DIW to conduct additional
factory surveys continuously in order to eliminate the limitations.

1.

"~ The flows are dcduced f‘rom dala obtained from the limited numbor of f'lCtOllﬁS
as 'shown in the table bclow :

Table 2 7 Rate of Factory Survey Data to Total of Study Area

Factory Survey Data Total Rate to Total
Number | - Unit - | Number - Unit (%)
Number of Factories - 206 Factory | - 33,092 1 Factory 0.62
Number of Employees 79,11 3 Em'pioyee 1,684,782 Empl'oyee 5.0
1 Non-HW Generation - 118,904 tonlyéar' 2,364,782 | tonfyear 50
HW Generation 27,349 | tonlyear | 557,456 | toniyear 49

2. As the eshmatlon of W generahon requires the following basrc data of the
~ factories registered in the DIW and IEAT factory database those factories that do
not have the data are not counted in the study.

L MQI factory code number,,and :
*  Number of employees.

-3 Smce the actual number of employees mformed by the factories was IS % more
than that in the DIW factorics registration database, the database seems not to be

~ well updated. In addition the database does not have the factory registration data

- - of industrial zones industrial commumtlcs and industrial parks. '

4. 'If 33 codes of industry generate ea(,h code of wastes (14 non-HW and 12 HW),
theoretlcally there should be 858 (26 x 33) IW generation rates. Howevei from
) the factory Survey the leam obtamed 288 Iw generatlon rates.

2.4.2 lWM at Factories (Generanon Sources}

a. Cm rent Issues

In general, factories in the study arca well manage the production lines and work
environment by keeping the work areas in good order. The factory survey that the
. team carried out by visiting 215 factories, however, suggests that IWM at factories is
- not adequate from the following findings. The'%e are partlcularly observed at
small-to- medlum sized factorles : :

. ' Waste is often dlscharged w1£hout separatlon 17.2% of 215 fdctorles mix
non-HW and HW, and 24.6% mix non-HW from production and non- HW from
the othe} part of the factory

. One third of 215 factories do not have storage facilities for mdustnai waste in
their prermses
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» Three fourths of the factories replied that the amount of their mdustnal waste -
will not increase in future, but factories, which have a plan of waste reductlon
~ and/or waste reuse/recyclmg, are only 8%. '

b. Qchemt for Improvemcnt

~In order to establish a propel IWM the - 1mp0rtant issues are (1) to reduce w

generalion as much as possible (Reduction), {ii) to reuse/leoycle IW gencrated as
much as possible (Reuse/Recyeling) and (iii) to propetly treat/dlspose of IW whlch

- could not be 1eused/reeye]od (Proper Treatment/l?mal Dlspoeal)

Ihe fundamental-of IWM is that the waste sources, 1e factoues reduce thelr Waste, o
reuse/recycle W geneldted and subcontract wasle treatment and final dlsposal, if
necessary, in an appropriate way. For this putpose, factories should have a clear -

. mechanism to place responsibility for waste management and a technical control

system. It is therefore recommended for factories to appoint a technical manager who
comprehensively oversees IWM. On the other hand, the government will be required
to encourage human resource development by, - for example, estabhshmg training
programs and a certificate system and legally enforcing the appomtment of the
technical manage; of I'WM at every fuctory

Non HW Management

' _a‘. Current Issues

a.l L:mltatlon of the Qtudy Results

T hc status of non- HW management had not been studled and was unknown The
present JICA study is the first trial to understand it from generation to final disposal

by interviewing 215 factories using a questionnaire. "Qut of 215, 206 factories -
provided necessary data for the team to analyze the waste flow. However, they are -
merely 0.62% of the total number of factories in the study area, 33,092. It should be
noted, therefore, that the analysis of the status of non-HW managcment is merely
derwed from the answers of such a small group of factories.

a2  High Waste ReusefRecyclmg Rate and Unclear Reuse/Reeyc]mg Aetwm(.s
According to the non-HW flow in 2001 developed using the factory survey result :

more than 78% of non-IIW is reused or recycled. This rate is two times more than =

that in Japan (37% in 1996). The h1gh reuse/recycling rate in the study area is not '
however, extraordinary, because:

. the waste flow in Japan takes account of sludge, which is hard 0 recycle (only _
7% of generated sludge is recycled in Japan) but generated in large volume (its -
generation amount accounts for 47.7% of total W generation amount, 405
million tones a year), but sludge in the waste flow in the study area is only a

little (55.5% of the mixed waste (category Cily eqmvalent to 1.1% of the totai
of non-HW), and

. cost for raw maternls is comparatively expenswe than personnel cost and there
is an economic incentive to reuse/recycle waste. :

Although such high reuSe/recyclmg rate should be apprecxated the reahty of
reuse/recycling activities is not yet clearly understood. Recycling of waste is mostly
done off-site (64.8% in 78.4%) and 48.5% of non- -HW is sold to Por Kha Khong Gao
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(Waate Buyer) for off-site recycling. Whethet waste collected by Por Kha Khong Gao
is properly recycled is open to question. : _

a. 3 Inadequate Capacnty of Treatment/Final Dlsposal Facilities

The numbex of treatment faelllnes for non-HW except those for mumo]pal wasle is
only three in the study area. They are small incineration plants installed in industrial
estates under IEAT, each of which has the capacity of less than 0.5 ton/hour, They

. receive waste only . within the industrial estate in which they are located, are not
-registered at DIW, and are not fully opelated DIW gave a license of Code 101 to a
private non-HW incinerator operator in Samut Prakarn, but there is no facility yet,

The study area does not have any pl ivate-own waste disposal site authorued by DIW.

There ale four prlvate 1nclneral10n plants for’ mtermedlate treatment with DIW
registration. They are, however, also small and intended to accept non-HW only from
factories within the industrial estate to which each of them belongs. The non-HW
final disposal sites with DIW registration are three. As of June 2002, one of them
located in Saraburi, 1.5-hour drive from Bangkok, and another in Chonburi, 1 hour

- drive from Bangkok, are operated and the other, located in Sakaeo 3 hours drive
from Bangpkok is under construction. S : :

Accordmg to the non-HW flow developed in the present btudy, the fale of non- HW
which is not reused or recycled, is on-site final disposal (14. 1%), final disposal
together with municipal waste (2.8%), and- treatment/{inal disposal by the private '
seetor (2.5%) in a descending order. As these figures show, treatment/final disposal
facilities have not been sufficiently developed by the private sector, which should be
prlmau[y responsable for non-HW treatmen‘t/f' nal dlsposal

b, Scheme for Improvement :
b.d Understandmg the Status of Non-HW Management in Detali

Improvement should be started with the full understanding of the status of non—HW
management. In the present study, the team developed the non-HW flow using the
- valid replies of 206 factories out of 215. The team also established the non-HW
database containing data of those 206 factories. This database should be further
expanded for proper non-HW management. :

In order to obtain necessary data for database expansmn it is nccessary to carry out a
factory survey as conducted by the team should be repeated regularly (In Japan, every
- five year such survey is conducted.). For the efficient execution of regular factory
survey, it will be effective to issue a ministerial announcement, which obligates
~ factories to disclose data on request by the authorities of industrial waste. Database
development will enable the renewal of the estimation of current and future waste
g‘ ' generation amount and the waste flow.

b.2 Improvement of Reuse/Reeyelmg System and Maintenance of ngh
' _ Reuse/Reeyelmg Rate :

- The prlme issue in non-HW management for the future 1S the quality 1mprovement of
current reuse and recycling activitics by which nearly 80% of non-HW is dealt with,
‘and maintenance of such a high reuse/recycling rate even along with the increase in
personnel cost. The achievement of this requires to urgently investigate the actual
conditions of the reuse/recycling system that the present study could not explore in
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depth, 0 detcct problems, and to 'formuhtc, an improvehlént plan, Morcover' it is
needed to cstablish a system to supervise and control waste recyclmg business
enterprises 1ncludmg waste buyexs :

b3 . Promotion of Construction of Treatmcnt/Flnal Disposal Facilities by the
Private Sector and the Examination of Contmu{ms Use of Mumcnpal
Waste Fmai l)lsposai Site :

The ofI‘ site treatment amount and off-site ﬁnal dtsposal amount of non-HW is oniy
125,000 ton/year, or 5.3% of total generation. More than half of that is disposed of at
municipal landfills and the rest is treated and disposed of at private-own facilities
which is limited in number and in capacity. Thercfore, it is important to examine how
to promote the constructlon of treatment/final disposal facilities by the private scctor, -
but whether investment can be recovered is critical since the construction of such

facilities costs the private ‘sector 31gn1ﬁcantly In order to make the private waste

treatment/final disposal business profitable, it is highly xmportant to strictly control

~ and ehmmate the mappropnate ot illegal wastt.. routes.

2.4.4

; 'l“he types of waste ‘which is mostly dmposcd of off~31te w1thout reusedhecycled are
- €09-01 Ceramics (reuse/recycle rate: 096), C10 Stone, sand, etc. (reuse/recycle rate:

18.7%), and C11 Mixed waste (reuse/recycle rate: 0%). As far as the social and_ _
economic situation of the study area does not dlamatlcally change, non-HW, which is
not reused or recycled, should be disposed of at sanitary landfills, which is a cheap

“disposal option. Even if non-HW, which is currently dlSpOSCd of on-site, is to be
treated and/or disposed of off-site, the offsite treatment/final disposal amount is
. mcrciy 460,000 ton/year. This is only 11.6% of the treatment/final disposal amount of
- municipal waste (3.97 million ton/year, mostly landfilled) and is presumably small

enough 10 be received at the municipal waste landfills. Therefore, it is one possible
way lo continue using the municipal waste landfills to dispose of non-HW as today,
in paralle]l with the promotion of prwatc sector’s partlclpatlon m the non-HW
treatment/ﬁnal dlsposai business. - :

HW Management
a. Current Issuecs

a.l Difference between the GTZ IW Study and the Present JICA Study

_ Different mgamzatlons have been studied HW since the study of MOI1 in 1984.

Some studies cover not only HW from factories. but also infectious waste and HW
from households, and there is no common definition of HW among the previous
studies. HW from factories, which the present study deals with, was most recently
studied in Samut Prakarn Province by GTZ2, which carried out a factory survey and
estimated the generation amount of HW. Fhe result of this GTZ HW study was used
by DIW (o estimate the generation amount of HW in the whole country.

In order to be consistent to the GTZ HW study, the team camed out the factory
survey applying the HW categorization used in the GTZ HW study, and estimated not

i “Pre-feasnbnllty Study for the Construction of Inorgamc Waste Treatment Fagilities in Thailand”,
1985, Department of Industrial Plant, MOI

? “Preparation of Register on Hazardous Waste Generation and GIS Application for the Province
Samut Prakarn”, November 1999, DIW, MOI,
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only generauon amount but also a HW flow, which was not analyzed in the GT/ HW
' tudy :

As a re‘sult the ﬁguws of total HW generation estimated by the two qtudms were

close, but data of each industrial sector or each waste type were diverse. This will be

because GTZ selectively studied industrial sectors, which were highly likely to

- generate HW in Samut Prakarn Province while the present study distributed the

limited number of questionnaires to factories in all the industrial sectors in the five

* provinces since the team also aimed to study the status of non- HW and non-HW can
' be genetated in every sector.’

g a.2 Low Rcuse/Rccyclmgg Rdte and IIlgh 0n~s1te Treatment/Final D:spos&l

Rate

Acccndmg to the HW flow in- 2001 developed from the factory survey, the
- reuse/recycling rate of HW is 18.2%, only one fourth of that (more than 78%) of
' non-HW. By contrast, more than half (54.4%) of HW is treated on-site (32.8%) or
“disposed of on-site (21.6%), while on-site treatment and on-site final disposal of
non- HW amount 1s only 15% of total generatlon ' S

T he remdue of on-site HW treatment is, howevcr mostly dlsposed of at municipal
' waste landfills. The safety of on-site final dlsposai is also questionable,
a. 3 : bhortage of Off—s;te Treatment!Fmal DlSpGSdl chﬂltles
© " The nuimber of IIW treatment/ﬁnal dlsposal facﬂmes is two in the study area and
- eight outside of the study area (GLNCO s Map Ta Phut plant, which has a treatment
facility and a final disposal site, is counted as single facility). as of April 24, 2002,
These ten facililies are not adequate to meet all the demand for HW
treatmentfdjsposal of thc country ' '

Tab[e 2.8: Off-s&te HW TreatmentlFmai Dzsposal Facmtles

- Name _ Location é’:} 3; | - Target Waste Capacity, etc.
Treatment | GENCO, Samae | Bangkok 101 Wastewater from'| 110,000 ton/year
C Dum Center T factories, sludge | 30,000 tonfyear
GENCO, - Map Ta Rayong 101 Waste oils and | 200 ton/day
“Phut Plant waste solvents
- C] o Sludge . 600 ton/day
Technochem - Go., | Chachoengsao | 101 Waste solvents 15,000 tonfyear
Ltd . . . ’ : ’ . :
_ : Recycle Englneerlng Chonburi 101 Waste solvents 10,000 ton/year
o Co., Ltd. - : . :
% Siam Cement Kaeng | Sarabun 101 Waste oils, waste | 46,000 ton (actual
o Kot Plant ' : ' solvents and | amount during
L . _ . others Jan-Sep 2001)
Siam City Cement . | Saraburi - 101 Waste oil, Wax | 192,029 ton (actual
o R x oll, Fly -ash,| amount during Jan
) o : others -Apr 2002)
Refine Tech Co., Ltd. | Samut Prakarn | 106 Isopropyl alcohol | & m3!day
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Aslan PVS Chemical | Chachoensao | 106 Acid pickling 1,000_'ton/month .
Co.,Ltd. S © o |waste | (lron -
.. : ' chloride ~ FeCl,
_ : : S solution) -
Final GENCO, Map Ta Rayang -~ - . | 101 Solid HW. - Remammg capacity
Disposal Phut Plant s : ‘ _ R ‘is scarce and a new
: - disposal site is under
, _— _ : .. | construction
Rachaburl Landfill Rachaburi  ~ | 101 Sludge treated at | Remaining - capacity : :
' . R : : the Samae Dum|is - sufficient -~ and @
Center © o | expansion is  alse '
. . S o e o possible, B
Professional Waste | Sakaeo 101, 108 Solld HW_ Under construction

| Technology Co., Ltd.

As of October 2001 Code 101 is the oniy code speo1ﬁeci in waste busmess and thcre
“were only five facilities registered as Code 101. Codes 105 and '106 were newly
established in December 2002 and the number of waste 1elated facilities increased to
ten, as the table above shows. The situation seems improved, but ten is still a too
small number, In Iapan the number of treatment/final deosal facilities receiving =
HW and/or non-HW is 16,883 (in 1999). In Thailand, in reality,: there are many -
-~ recycling factories but they are registered as, other codes depending on what they- -
~ produce (e.g. thifiner recyclers are categorized as chemical manufacturerb) Since they
 have not attained codes of waste related facilities, it is not easy for waste generators .
o obtam transport pemnts 1f they are to deliver waste to such recyclers -

- .. The shortage of the capamty of treatment/ﬁnal d1sposal faethttes and consequent rtse S %
in treatment/final disposal fee is a serious problem by which the manufacturers are
confronted. The questionnaire survey of the Japanese manufacturlng companies
conducted by Japan Chambers and Commerce in Bangkok in August 2001 revealed
that 91 out of 148 replies (61 5%) stated that the treatment and final dtsposai of .

_ mdnstrlal waste is the most serious env1ronmental problem of the rnanufacturers

The urgent constructlon of treatment/ﬁnal dtsposal facilities for HW which i is dtfﬁcult
to recycle is strongly required, but the strong public opposition against the
construction plan is highly anticipated. Therefore, the development of treatment/ﬁnal
disposal facilities i ina short term will be mgmﬁcantly difficult.

b. Scheme for Improvement _
bl Understandmg the Status of HW Management in Detali

-The 1mportance to understand the status of HW management can not be empha51zed
As in the case of non-HW management the periodical execution of a factory surveys
as in the present study and the review of present and future generation amount and
waste flow are necessary. In v151t1ng factories for the survey, the manner of on-site -
disposal may need inspection since on-site disposal is applied more than half of HW.

In order to trace the waste flow outward from factories, the comprehensive
implementation of the manifest system is desired. '

b2  Promotion of Urgent Constructlon of Treatmenthlnal Dlsposal Facilities

The principal cause of the on-site treatment and final d1sposal of more than half of
HW is that appropriate treatment/final disposal facilities are hmtted Accordingly,
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competitive pricing does not work, and off-site treatment/final disposal cost exceeds

~on-site treatment/final disposal cost. Therefore, it is necessary to proniote the urgent

construction of treatment/final - disposal facilitics and 1o encourage competativc
pricing, When_unpropcn on-site waste disposal, particulatly final disposal, is found
from the factory survey, inspection, annual repott, or other occasions, it is important

" to requirc improvement and, if necessary, to divert waste to off-site facilities.

According to the result of the public opinion survey (POS), large part of the
respondents pointed out” that the most desired condition to agree a plan of waste
treaiment/final disposal facilities is the participation of the local residents or their
representatives from the planning process. It is therefore necessary to consider how to
involve the public from the plannmg stage of 1reatmen1/f"mal dlsposal facilities.

Such pal’tlclpatmy planning, however, requires substantial time before the
construction plan is finally agrccd and proceeded. Meanwhile, it will be more
practical to feed waste as raw material or fuel to cement plants, which exist at this
very momenit and leave httlc IC"‘:ldue

b3 Promotlon of ReusefRecyclmg

In addmon to the promotion of urgent construction of treatment/ﬁna disposal
facilities, the reuse/recycling rate of HW, which is less than one fourth of that of

" non-HW, should be raised. The utilization of cement plants is an effective measure to

compensate  the shortag,e of [reatment/ﬁnal dlsposal facilities and to forward
reuse/recychng : :

When wastc is recelved al cement picmts however, waste quality must be well
analyzed and adjusted, and different types of waste may need compounding in order
not to impair product quality. It is desirable to raisc and guide a new intermediary
business, which provides a service of waste quality control. Some types of waste
cannot be simply put into cement production process, and it is also nceded to
investigate how the existing planis should be improved and how much investment is

required. Waste Utilization Data Center that the team has established should be a

useful system to support such business entetprises including the cement plants, which
play an important role in the reuse/recycling of IIW and non-HW.

Institutional System

a. Current Issues

a.l Lack of a System toe Control Induqtrlal Waste Collectlonfl‘ransport
Busmess

In Thalland industrial waste means waste from factories, and is under the control of
MOI in conforlmty with the Factory Act. According to the Factory Act, facilities with
certain conditions in terms of the number of employees and horsepower are registered

~as factories, and MOI .controls factories through the processes of registration,
~ perinission, reporting, and/or inspection. MOI controls IWM by taking sanctions such

as fines, administrative directives, factory closure, and the cancellation of licenses

- against factories, which violate the relevant stipulations in the Factory Act. Therefore,

factories, which generate waste, and factories that receive waste for treatment or final
disposal are controtled by MOI.
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Waste oollcctlon and lran‘;pmt from the gencration source is to be cOntmlled by the
transport permit system, which is dcfined by MOT Notification No.6 B.E, 2540
(1997) as for HW and MOI Notification No,1 B.E. 2541 (1998) as for non-HW
applied only in 14 provinces including the study arca, to require waste gencrating
factories to be permitted when bringing their waste out. In fact, however, small parts
of factories actually apply for and obtain the permit, Comparmg the total amount of
waste to which transport permits were issued in 2000 and the waste amount of off-site
disposal (i.c. waste brought out from factories) in 2001 estimated by the team, the
former is far below the latter, The amount of non-HW with transport permit is 94,000
ton or 5.7% of its off-site disposal amount that of HW i 13 merely 6 400 ton or 2.6% of
its ()ff—*ﬂte dlsposal amount,

 On the olher hand there is no rc;,ulatlon to regmtei permxt control and monitor
“wasle | collection/transport ~ business.  Onc  who is  going to  start . waste

_ co!lectlowtransport business has to ﬁretiy tegister the company with Ministry of
Commerce, and secondly apply for a tlansportcr license to Land Transport -
Department of Ministry of Transport and Communication in accordance to the Land

- Transportation Act B.E.2522 (1979). However, only major transport companies have_
licenses and the rest execute their coilecnon/transport business without licenses. The
said act does not stipulate the penalty 1o waste collcctoxs!tran‘zportems for dumping
waste entrusted o illegal waste dumps done by them. If'a waste collector/transporter -
‘ who illegally dumped waste is arrested, he/she will be fined only a small amount by .
applying acts other than the Land Tranbportatlon Act. For example, in local
administration areas, i.e. areas under the control of local administration such as BMA, . - _
the highest fine Will be only 2,000 Bahts according to Cleanliness and Ordérliness - s
Act B.. 2535 (1992) Moreover, the gencrators of waste that was 1llegallv dumped : @ '
by transportels are not accused of for illegal dump

In conclusxon there is no  sufficient k:gal tool supervise  waste
collectors/transporters, to prevent illegal dumps, and to stuctly control wicked

) collcctors/trampmters who repeat illegal dumps. Even the number of IW collectors or
transporters is not known. In Japan, the mumber of collection/transport enterprises of
non- HW and HW are | 17 507 'md 14 494 respectively i in 1998

a2 lnadequate Control over IW Reuse/Recy clmg Busmess

The Factor y Act had patcgouzed factones into 104 until vcry recent, bactorles that
run wasle treatment or final disposal facilities were categorized as code 101:
Centralized waste dlsposal or {reatment factory, but waste reusmg/recyclmg factories
were not categorized as a single code of reuser/recycler, but were catcgorized as
relevant codes according to their final output. To solve this issue, MOI created new
codes 105 for waste separation and landfill and 106 for waste reuse and recycling in
December 2001, but the registration process has not been well proceeded

Moreover, most waste buyers who play 1mportant toles in [W reuse/recycimg are not
registered as factory since they do not meet the conditions of horsepower or the
number of employees. Not only the Factory Act but also any other acts do not control
nor regulate waste buyers (Por Kha Khong Gao). Therefore, if they illegally treat or
finally dispose of waste that they bought from factories, they are pumshed W1th only a
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" small fi ine, as in the casc of waste collectors/transporters. The study of PCD/MOSTI
reported that there are 2 231 waste buyers, but details of their business are still not
known,

a3 Lack of Umfied Control over IWM

. The administration and managemcnt on IW is not under the umfied control, As stated
earlicr, MOI controls the factories that generate waste and thosc to which waste is
brought for treatment and/or final disposal since factories with certain scale need

- licenses ‘and registration that enable DIW to control them. The arca between the

.- generation source and treatment/final disposal is, however, beyond the jurisdiction of
'MOL. - Moreover, there are only three non-HW final disposal sites authorized by

- MOI in and around the study area, and the majority of non-HW from factories is

© disposed of at municipal landfills. The municipal landfills are managed by local
ddmmlstratlon and mdustrlal waste control by MOI does not reach them. :

ad Inadequate Dah Management

- DIW has Information Iechnology Cente1 that keeps a databas.e of ffletory registration
and other data concerning factories, Part of data is open to the public at DIW’
website. IIowevel the data in the database is not adequately updated.

Tn the pres_ent btudy, the team obtained the basic factory data such as the number of
factories and the number of employees in the study area using this database. It found,
however, that the number of factories and the number of employees in the DIW
~ database are smaller than those in the database of IEAT. It was also found that the
* database does not contain sufficient data of factories located in the mdustrtal ZONes,
industrial commumttes and mdustrlal parks ' T :

As for the database on mdustuai waste, there are only two: the database on HW
developed in the GTZ HW study, and the other on HW and non-HW developed in the

- present study. However, the number of factories covered by those databases is not
1arge DIW has data on IW in transport permits and in manifest forms from factories
every year and. from treatmentfﬁnal disposal enterprises, but these data are kept oniy
in.a papet form in files not being- digitized in a database.

._ a.5 Publlc Opposmon against the Constructnon of Waste I'reatment[l*mal
D:sposal Fac;lltles

Today, as environmental awareness develops in Thalland the general public has
become concerned in development projects which may give negative impacts on
~ human health and the environment. Especially the construction of any types of waste
' treatment/final dlsposal facilities faces strong opposition of the public, because the
people have heard troubles at open waste dumps and have developed recognition that
% © waste related facilities damage the environment by such problems as offensive odor
and fires. As stated in Section 3.5, the operation of some of municipal waste landfills
which were constructed after the successful EIA procedure have been stuck due to the
‘public opposition in the study area. Therefore, it is’ highly anticipated that IW
treatment/final disposal facilities can not be constructed and/or operated due to the

* Final Report of the Study on Guidelire to Reduce Polluuon by Recyclmg, Pollution Control
Department, Ministry of Science, Technology and Environment, March 1998
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public resistance, even w1th the approval of EIA by MOS’IF and the authou?atlon of
DIW.

b. Scheme for Imp’fovemenf _
b1l Exammatum of the Intmductlon of Conswtcnt Manlfest System '

Whether waste taken out of the factories are properly dealt with is controlled by the
transport permif system of DIW and IEAT and the manifest system. However, only -
part of factories apply for and obtain transport permits, The current manifest system -
only covers industrial waste that is treated or disposed of at treatment/final disposal =
enterprises with DIW authorization. In summary, neither of the systems can trace not

control the majority of waste that is discharged by factories.

Thorough industrial Wa'atc control covering evcry aspect of dlsposal including
discharge, collection/transport, reuse/recycling, and final dlsposal necessitates the

- introduction of a complete manifest system. The system should use an unified format
whlch is used by all the relevant orgamzatmns across the country.

' Thc enforccmcm of the manifest system is condltroned on a re;,lster and perrmt '
system of waste collectors and transporters, Furthermore, intensive examination will -
be required to demonstrate a legal basis of DIW to control waste collectors and
transporters. Meanwhile, it is important to strongly put into effect the present control
measures including the submission of annual report by the factories to ‘report about
their waste management at the end of every year, transport permits; and filling in the .
manifest form by the treatment/final disposal enterprises as a receipt of waste and

- sending the copy from them to the factones in the annual report every year

b2 Exammatwn of thc Intr oductmn ofa L:cense System o

In order to practwaily implement the mamfest systcm it is ncccssary to examine the
introduction of a license system, in which all the enterpnses engaged in waste
management mciudmg waste ~ collectors/transporters, waste - buyers, = waste
reusers/recyclers, and treatment/final disposal facility owners are required to register

- and obtain a license to run their business. The license should be issued to evety type'
of business and every typc of waste dealt with. - -

If the license system is established, it should poss.rb!e to strrct]y control the waste -
business by withdrawing the license, ordering facility closure, etc. At the same time,
it is also possible to provide the registered enterprises with benefits such as technical -
and financial assistance and the information of waste exchange and to promote the
waste treatment/final disposal business which is at present too small to meet demand.
The license system is therefore has the carrot and the stick.

In December 2001, the amendmcnt of a mlmsterial regulalron pursuant to the Factory g _
Act was enacted. By this amendment, new factory codes 105 and 106 will be newly hd
set up by which facilities of waste segregation and waste reuse/recycling should be

licensed prior to the facility installation under the Factory Act '

The critical point in the license system is to strmgentlv regulate zllegal operation by
applying severe contro} and punishment on enterprises that operate without licenses.
In parallel, tt is also necessary and probably more efficient to legally force waste
generators to entrust off-site waste disposal only to licensed enterprises.

b.3  Unifying Waste Management
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(‘ovcung all the aspcx,t of TWM as addlesscd above will be difficult for the ITWM
system under the Factory Act. To overcome this deficit, it will be worth examining to

establish a new act which regulates every issue of not only industrial waste but also
municipal waste and hospital waste. The waste-relevant acts such as the Factory Acl,
Public S'mitation Act and others will be linked together under this new act.

b.4 Improvement of Data Control ‘Systcm

The establishment of the datab'lsc is merely a starting point; it <;h0uld bc always
functioning. Therefore, the maintenance of the current databascs, and the
‘development of a system to foster the database are required, Especially, it is urgently
needed to develop an interface system to link the database of provincial industrial
offices and the datflbase of the IT Center, so that thc IT (‘entex 5 ddlabase is regula11y
" updated, : :

‘The followihg measures should bc further attempted
. e To appoint the necessary numbcr of personnel who control and update the
: databaqes

. 'Io makc a 1ep0r£mg rule lhoroughly undbrstood and executed so that data and
- information necessary for the database update can gather from bureaus within
DIW, DIW regmnal ofﬁces IEAT, and other relevant offices.

s To develop proccdures to share ‘the data in the databases such as waste
olaqmﬁcatlon by code numbcm

bS5 Publ:c Consensus Maklng for the C{mstructmn of Wastc Treatment/I'inal
' Disposal Facilities -

The team carried out a public opinion survey (POS) which covered 400 people in the

~ study area. According to the result of POS, more than 60% of the respondents

recoghize the pressing need to construct IW treatment/final disposal facilities. It was

- also found that the condition to agree a plan of waste treatment/final disposal

- facilities is, firstly, the participation of the local residents or their representatives from
the plannmg process; secondly, careful site sclection; and thirdly, strengthened -

measures to prevent illegal dumps. The majority of the respondents pointed out the

necessity of the government to strengthen its control and punishment of illegal dumps

. followed by the development of pubhc control as an effective measure to prevent

- illegal dumps.

With such understanding, it should be considered how to cooperate with the public

and how to involve the public from the planning stage of IW treatment/final disposal

. _ facilities. In other words, it is necessary to make the construction of IW

‘% treatment/disposal facilities understood by disclosing information to the public as
' much as possible and by PR activities to the residents -

rFor the purpose of attaining pubhc consensus, a company which recently started the
~ “operation of non-HW final disposal site discioses necessary information to the
_residents, grants a “community fund” to them in proportion to the waste disposal
- amount, and reserves a closure fund and a post closure fund to be used at the
termination of the use of the site. The another company whose disposal site is under
construction has openly explained the work to the residents since the planning stage
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for their ught understandmg, and mtends 1o cstablish a publlc telanon center for thc
publicity to the residents and NGOs. - : - =

Careful site selection requires the formulation of site sclection standards. MOSTE
have the only site sclection standard which is simple and is applied to the
treatment/final disposal facilities for municipal waste, It is recommended (o develop
“as early as possible a site selection standard for IW tieatment/ﬂnal disposal famlltles
whlch C;a’usﬁcs the requlremcnt of the publlc

44



The Study on Master Plan on Incistrial Waste Managenwnt in ilw Banghkok Metropolitan Area and ' JICA

its Vtcmfry in the Kingdom of Thailand 3 Non-HW Master Plan and HW Acticn Plan

__3

3.1

344

- where,

Non-HW Master Plan and HW Action Plan
Estimation of Fute_re W Geheretion |

Meth_odology of Estimaﬁng the Future indus'trial Waste Generation

Future industrial waste generation is given by the cquation given below:

.' 1WG~ iZ(Mz- Gy)

—-]]]

" IWG : Industrial Waste Gegeration (tone/year)

i : Industrial category (Study Code) -

j - :Typeof waste :

M - :Number of employees (person)

G :TW generation rate (tons/yeat/petson).

n : Number of industrial categorics (33 categm 1e=;)
m - : Number of waste categories S

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 IW 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 to lower their production cost through
increasing productivity while inercasing 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 energy

consumption, which will also lower IW generation.  Accordingly, based on the
above assumption regarding the efforts of industry owners, the IW generation
will not inercase at the same rate of production increase, but will increase at
nearlv the same rate of number of emplovees.

In makmg the estimation of future number of employees the team dppllBS 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 by each TSIC code
obtamed from the Nat:onal Statlstlcal Office (NSO).

T he other Important element of the equatlon above is the waste generatlon rate. Smce
the waste generalion rate is obtained using the result of the factory survey, it follows

. the 33 industrial categories that the team developed for the study (study code).

Therefore, the estimation of future number of employees also should follow the study

~code by converting the estimation based on TSIC. The team clarified the

correspondence of the study code with TSIC code as shown in Table 3-1 below.
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Table 3-1: 33 categories of _factories and .their' corresponc__iénpewith TSIC

Study. | MOI Description of industrial Category -~ TSIC
Code Code o ) :
G01 | 001-002, | Food (agricultural product, non-aguatic/faquatic animals {| = 311
© | 004-009 ietc) . | .
G02 | 010-015 | Food (flour, sugar, tea ice, etr‘) 312
G03 | 016-021 | Beverage and tobacco 313,314
Go4- 022 Textile, thread and fiber 321
GO5 | 023-027 | Textile products (clothes, mats, etc.) L321
G06 | .- 028 Wearing apparel ' - 322
GO07 . | 029-033 | Fur dressing, footwear, etc. 323,324
G08 034 Woodwork : 331
G09 | 035-036 | Wood, cork, bamboo and other products : 331
G10 037 Furniture ' - 332
G11 038-040 | Paper, cardboard 341
rn-GtQ_ - 041 Printing, etc. S . 342
G13 | 042-050 | Petroleum and chemlcal products co 351-354
G14 | 051-052 | Rubber 355
G156 | . 053 | Plastic Products - . 356
G16 | 054-058 Glassware Ceramtcs non- metalhc mineral products 361,362,
. : : 369
G17 | 059-060 tron and Steel non-ferrous basic metals B _ 371,372
G18 | 061-062 .| Metal products -(tools, appliances household fumlture - 381
: . building interior, etc.) - .
G19 063 Metal products (constructlon mstallatlon) - 381
G20 | 064 Metal products (others) - R 381
G21 065-066 | Machines (engines, turbines, machines) K1
G22 087 | Machines (for producing metal of wood products) 382
G23 068 Machines (for paper, chemical, food, textile, atc.) 3|2
G24 | 069-070 | Machines (calculating, accounting, étc.) 382
G25 | 071-073 | Electric products (machines or products under No.70, | 383
' ' Radio, electric instruments or appliances, etc) :
G26 074 Electric products {electric equipment) . ' 383
G27 | 075-077 | Transport equipment (ship, trains, streetcars, cars, trailers) | 384 -
G28 | 078-080 | Transport equipment (motorcyctes tricycles,  bicycles, 384
: _ aircraft, etc.) . . S
G29 | 081-084 | Precision Machinery : - 385
G30 | 085-087 | Others (musical instruments, sport toys, etc) -1 - 390
(531 088-094 | Others (electric & gas supply, packagmg cold storage, - 41
. etc) '
G32 | - 095 Others (repalr of Vehlctes trailers, etc.) : 95
G33 | 003, | Others (stone, watches, clocks, central waste treatment NA
096-104 | plant, steam generators, salt production, etc.)

Referring to this t'able, the conversion was done in the fol!oWing way.
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¢  The number of employees in 2001 is obtained from such dala 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 If study codes agree with individual TSIC codes, TSIC increase rates in the
~ number of employee is used to estimate the future number of employees of the
- study codes. :

* If study codes mclude plural TSIC codes, welghted average of employee
" increase rates of these T SIC codes is used to estimate the future number of
_employees.

o  The rest of study eedes G31, G32 and G33, do not fall under any of TSIC
codes. The-increase rate in the total number of cmployces is used to calc:ulate
, the future number of employces

“The number of cmployees in 2001 in cach study code is shown in Table 3-2, along
w1th the ratio of the estimated number in 2005 and 2010 to the eurrem number.

Table 3- 2 Number of employees in 2001 and its mcrease

- . . Increase Rato
. . . Nos of
. Déscriptions [YSIC Cod Em loye

Codea . . B ) . (2001} | (2005) | {2010)

GO1 |Food {agricultural product, non-aguatic animals, aguatic animals ete.) 311 62,554 { 1.147 | 1308
GDi_’ Foed {flod, sugar, tea, ica els.) 312 30,685 1.048 1.073

“{atawpaa | i7.4a8 | 1005 | 1008

1604 frone, hieas Fioe - . 7] sa | 1aamer| door | 100s
GOS raxtie product (Clethas, m;{;;,c)""'ﬁ"'"f""”“""*""ﬁ""'*'""""'"' Ta21 | sepor | 1.007 | 1.009
GOB fwearing Apparel . B RN IR IR T
GO7 |Hide, Fur, FooMQar- B T -__ ‘323r324 64,105 | 1.057 1317
Gos W@M,k(anym,;an, ,lems, T T T am s zee | ooe | tooo
09 Nuoodwork (bamboo, ratan, stiaw, corkele) -+ | 331 1523 | 1000 | 1.000
610 feumilwe ] e | ze7re | voe4 | w0
@l poper, ardvoard -~ 7T e aeere | 1aet | vaez
G2 e mater T U T sy e | ar2 | 144
613 C’[,;,},;,;a. &»aiie} pemeum T T ss1354 | spedz | 1019 | 1023
614 Rubber : LT T T T ass  Fass | 1032 | 1,045
_Glﬁpm_sicp;qu_ [EES . i Bt D e e
616 Glasswars, Cerarrncs non- Melallchatler ) [361.3p2.3
7 ISteel basic industrios, non-formous melal basic industies aT1ar2

e s . T
GZO Melammdud(omers) B L
G21 Mackives (Engines, Tusbines, Mochicery) | @2 |

G22 2 Machines {for praducing me(al of wood produc:s} 02
Machnnes (for paper, chemnca! food texme ale)

[}
[
Wy
i
i
i
|
g I
R

Gé,; Machlnes {calr.ula'ung mach:nas, Aocounllng “machines, Waler pumps, air o 382
. pascompressoisete) P I
G25 Electic praduct (Machines of Produci Under No.70, Radio sel, Elechi 333 170045 | 1046 | 1.080

.. pstuments or appliancasele) 0 b
G286 ferectric product (Electric Equipment) : 383 | 24,898 | 1.046 | 1.060
G27 [Transporialion machings (Ship, Teains, cars, Carsotha:fe(s) 384 54,702 | 1.037 | 1.074

Gz [Transportation: machines (Matorcycles, Tricycles, Bicycles, Aircraft, Wheele | aga | sa.s21 | 1037 | 4074
_pehicles et} _ !

G29 p,wsmmsmmw T T T Tees | esiea | 1023 | 104
GR0 fothars (Musicel instumenls, Spor, Toysee) | 30 | 40816 | 1028 | 1648
é31 Uthars(Eleclnc parer, Gas Packagrrg Co{d slma;eierleriﬁrim. R T Li‘iéfig 1058 [ 191
632 Others (Engine-driven I'ofvehldesormotorcycles elc . ;35 2472775 {05767 1“1
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. C ¢ | Increase ﬂat.e
I Nos, of :
Study S ITSIC Codl
Coda . | Deseriplions TSRSt oen | (2010

33 [Others (Stene, Walchos of Clocks, Central waste trealment plant, Generatin NA 9826 | 1088 | 1111
isteam, sall slc.)

All Galegory of Faclories - - 1,584,782  — -

b, 1w Gcncration' Rate

Iw generatlon rate is given by each type of wastes for ecach of the 33 categonzed

factories in the form of ton per employee per annum on the basis of the waste
_generation data obtained from the factory survey. The team assumes that the
estimated 1W gcncratlon rate will not change during the projection period, i.e. up to

the year 2010. Generation rate of hazardous and non-hazardous waste is ngen
below by types of mdustry for each type of waste. ‘

Table 3-3: Non HW Generation Rate (per empioyee)

Unit : kglyeariperson

pawnd Doscriptions - [ cot-0t [cot2| coz [ o3 | coa | cos | cor | cos [coeos|cosez| c1o | 611 | o42-] Tota
Food  (agricultural  producl . C
GO1 - pon-aquatic animals, aquali 16. | 2,9087.4) - 2 1781 N . 0.1 0.1 3187.
copmmalsele) C oo | : i

B G02 _ JFood (ieur, sufar, 168, Jee elc)
"(737(!37 Orink, Beverage - . 4
G049 [rexite, Thraad, an: s )

. El (CEolhes I'I’lals elc) o
GOS -Neanng Apparel o
GO, . ot \
GO_B' Woo&mrk  (any or many iterns}

G09 teodwork (bambw ram!n stfav; R I
PN L0 TR SR IO
V610 pemitere o

61 alaualtr, Pateseurn |
(G puwer

G15 P{as.chroduc( o

G16 Glassware, Coramics, non.| Melalll
o Maller
G17 [Steel basic mdusmes non-forrou

- _ jmetal basic industries

pdetal product Goo's, appiiance

G18 household  fumiture,  buildia 3. 9. 1. 43131 4,327.1
. [terer sl e B
Metal  product  [constructio :
619 paslaliation) . B S 54 ____i _____ o 2'?‘“ i R 2,561,
620 Motalproduct otesy b calamy e esa | T T T T T T e
flachines  (Engines. Turbing ) ; ] . ) . e
Machmcs (rw producmg metal o R : T
‘322. ooapngue S R oot DR S MO s SO S Tl NN i
flachines (for pape:r l:hcmical . o
2
G2 Yoo texie tc). (PRI IR RN ot M HU T B Pl T R et O e
Machines (caiculating maching .
a4 iwountfn? machings,  Wate : 56 5 . : . 0 S 106,
pumps, st of gas Compressor . .
: elc) .
Eleczﬂc produd {Machmas o -
Producl under Mo 70, Radio sel .
G25 filectic instumenls or appliance 2 2. 55. 228 125, 7o o7
Elecidc produc {Electd I RS I I Ty AU N S P R
st, Fquipmenty R R ____?B'V . 4177 o o 410_' .1 4?87 Oﬁ . 3 1,429,
iTranspotation machmes (Shl N R S
762?7 [rains, Steeetcais, Cars or Tralfers)f : 4‘% - 71757; L 61- 1 1.1 127,
Transposation maching ! B
G28 kMoloreycles, Tricycles, Bicyde . 43 1] 44 23| &2 d. 47 0. ] 1,147,
. Aiﬂ:raﬂ theled veh:c-es #ic) o .
629 precsonmachinery S I AR R P U FON MO (N i
Oihers (Muscaimslruments Spurl
G30 Hroys et} 1.1 8. 45, 277 1 6. 2
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i‘:gg " Descriplions Goto1 [ oor-2 | coz | cos | cod | cos | cor | cos |cosoi|cossz| cre | oni | ei2 | Towm
others  (Eledic  power, Ga : . .
O3 oungog, cosmmgactey | p O] O v B L Laihel IR O Mkt
G2 Clhers (Englne-criven for vahicto 4 7. 27. 19,

... grendlorcydesels.

Olhors (Slone, Watches or Clock i u."‘ N B A T o ) o o N
G33 [conlrsl wasle treatment planl - 2. "y . 29 186.
[3enerallng sleain, salt etc) ’ - - . .
All Category of Faclories 86.{ 2051 351.| s 70| 80| 47| =2vm. 6. 75| 200| 200 47.] 1503
Table 3~4 HW Generatlon Rate (per employee)
* Unit: kalyear/parson
f:‘::: - Descriptions . . woi | woz | wos | wod | wos | wos | wor | wos | wos | wio | wit | wiz | Tatal
Got [Food  (agricutivral  product,  non-squali
Y7 pnimais, aquatic acimals e} X IR AU S SR S
( ugat, tas, Ice ete) L . ) b

o3 Unnk Bevarage

-_[Ghomical matter, FeIru!curn B

"G4 Funber x EEAN N N N e U T N
(G15_ plastio praduct ' SO NN DU DU SR L% LA
8 mics, nuryMelal!ut:}._@em_er_____ ol —
G;'? Steel basle industios, non-lemous metat bast
.o fndustries SR N P R [RURIY IR SRV PR N B TR
Fretal produ o0ls, apoliances, househol . .
__ fumiure. vuitging intedorerey - 0 4 b ok )T 4 N P EBW . ___.7_3'__
 Metat product (construction, Instatlationy - | R R P T D% U DL B
fretat prod A8 g 4% 84 05| 839
_ fHachines (Engines, T T“""‘“as ”"W"ef?),,,,,,, ORI NP . [ DR FRET IS M S, S % N 186
FMachines ({for produc:ng mela! or woo . . .
P hesay b ) oL e e
323 Mzchines (lor papes, of chem-‘cal Jood lex!a@ee!c S NS N S SUNU JUUNUY N U N : . 5.
Faachines . (calodating machmes Accuunlin . :
G24 Jnachines, Waler pumps, air of gas X 0. B1. 0. 17. 2. 8 13 104,
.. [fompressorselc} - C o I P [ SR A . I U
Elzclic preducd (Machines or Produd l.mde .
G25 No.to, Radio set, Eleciic Instrurmenls & 1. 2.1 : 0. 1,129,
- ——— - -6-;_ —_—— .. ) - 22 -
[llansportation  machines  (Ship,  Trein .
O Bwacan, Casorteeioy SN o)t = e
machines (Mniorcyﬂe : :
(328 [Fricycles, Bicyelas, Alrcraft, Wheeled vehitle 111 0. 104, 28. 4. - 20. 54 ) 223
pic} O DS I T SRR N | :
|G29_Precision machivery _..;___.,_._ SN SURIIUY IR N P . LLEN SR N
G330 SpomToysew) | - 1 | _ I : iy 1) 2
a3t ome;s {Eteciric power, Gas, Packaging, ool . : 0 . o
B L RSN [ DRSSO DU PSS SR JSRURI IR S
[Others  (Engine-driven  for vehldes o
Ging yrckorcycles atc. : ’ R . 13' 32{ I ____?'-_"_3_'_ o 4| 7451
thers (Slone, Watches or Cfods,s Ceni;
: s G33 | este weatmenl plant, Generating steam, sa! 5 1. AG, 80,8 102,
; 7 e1e) : . .
Al Category of Factories - 1. 7. 2. 19, 0. 4, 5. 56. 0 0 | 4251 121.] 345

3.1.2 Estlmation Resu!ts of the Future lndustnal Waste Generat:on

T he product of waste generatlon rate (by types of mdustry for each category of waste:)
and the future number of employees for each 33 industrial categories is the future
amount of mdustrlal waste generation, The results of the estimation are shown
below :
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a. N()n-HW generation

Non HW- generatlons by the type of industry and waste are shown Tabie 3-5 and
Table 3-6 iespectlvcly

The total non-HW genelatnon is eqttmated at 2, 601 993 ton/year in 2010 Whlch is 1 1
times more than 2,364,782 ton/year in 2001,

Table 3-5: Non HW Generation by Type of lndustry in 2010

Unit tonlyear

“ﬁudy

" Descripiions

Code co-6d | Gov-2 |, eoz2 | o [+ 2] Go5 co? Go8 - jCos-91]cas02( Cc10 o1l ciz Total

© Food (aodcutlural . produd . : -
GOt hon-agualic  animals, ~ pquall 2,04 1361,88 331 21,68 12 1 &1 386,17
! animals ete.) E .

7 Metal pfodud ools, aopliance
househotd (u(:mtura D!

Jntedorete)
Melﬂl

product”
i

feonsinuciio

patkines Engines, Tame | | T} 74 .
. Machinery} - N . 86 ,1‘74 ? _2?'7% - JUSN I
bfachines for producing ‘melal o . .
“0od producls) o 7 . |z T
" Machires (ior ‘paper, chemical
0o, teMile glo)
"Machines  (caloulating tnachine
»\ccounlmg machings, Wate
pumps, ar Of gas compressor
B 2 S B
Elcciic p.'Ddud dachings ©
Product under No.70, Radio set
Elednic instruments or applianco
i
Elecidc

pioduer” T EiSaE T

rransponafion ~michites (S
..[irsins, Sireelcars, Cars of Trafers)]
[Transportélion machine
KMoloscycles. Tecycles, Bicyde 2
Almaﬂ vehiclesete) | -

Others (Musical instrim
Toys ele) I
Cthers  (Etediic ‘powar,  Ga
.. Packaging, Cold storage elc.) N
JGihecs. (Enging-driven for vehicio

._jormotercyclesele,
Cihers {Stone, Walches of Clock
[Cenlral wasta lreatment plam
Ksencsating eam, sall ofc.)

Spadd [

56,06 | 395,61 402,94 (106,96 122,32 | 28,43 | 763,05

All Categocy of Facleries 74,85 | 298,90 75,95 |2,601,99

Table 3-8: Non-HW generation by type of waste in 2010

- Unit : tonfyear

Non-HW Generation Generation Generation Rate to
Code for Descriptions Amouni Amount Amount Total (2010)
the Study {2004) {2005) (2010) {%)
Co1-01 Parts of plants such as roots, barks 58,006 58,677 59,066 23
and leave j B :
Parts of animals such as bones, ‘ : :
C01-02 skins, hair and excreta 306,668 349,030 395,617 1§.2
co2 Parts of wood 382,775 394,397 | 402,943 15.5
<03 Paper wasle 91,307 98,867 106,960 4.1
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Co4

Plastics or synthetic rubbers

7.2

163,704 176,273 187,904
. Co5 Cloth, thread and fabric 112,911 117,794 122,327 4.7
- C06 Animal's fat and oil and vegetable il : -
© CO7 Natural rubbers - 2(109 - 28,016 28,433 1.1
" cos ;\gfr:z)ls and metal alloys {not in salt 720,592 742297 763,054 293
C09-01 _Ceramics 34.421 35,695 36,417 1.4
¢09-02 Glasses : S 71,729 73,809 74,8565 2.9
‘ Stone, cement, sand or materials . :

c10 consisting of clay, sand or stone e.g. 285,683 292,330 298,903 11.6

: tile, brick gypsum and concrete ~ : '
C11. Mixed waste 45,917 48,034 49,564 1.9
c1z - Others 63,970 69,845 . 75,850 2.9
All Categories of Non-HW 2,364,782 2,485,064 2,601,993 100 o

b. HW gcncmtwn

bame as the non—HW generation, HW gcneratlons by type of mduslry and waste in
2010 were obtained 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 3-7 and Table 3-8.

_The total HW generatlon is estlmated to be 580,909 ton/year in 2005 and 598,278
ton/year i in 2010, which is 1.07 times more than 557,456 ton/ycar in 200i.

Table 3- 7 HW generatlon by type of mdustry ln 2005

Umt lonfyear
Code | - Descptions | WOl | woz [ Wos | Wo4 | wos | wos | WO7 | wos | W09 | WHO | W1t | w12 | Totat

Food {agricuturzl producd
GO1  |on-pquatic © animals, - aquali
lanimals etc.) :

GD—2_ ?ood foue, supar, lea, lee ele) X
GO3  Prink, Beversgn '
G4 _[Textie, Toread, Fibe

GOS rextxlaprodqn:l(mulhes maseted]
| G068 Mrearing Agparet

GOT  ide, Fur, Footwearf

i) kiob?obrki(;ﬁy orn‘any Hemsy |
Go9 MIGodwork (‘Damboo rltlan siraw
e fRorkRiR) —
G‘nD Fursiture

G Paper.candmard _”_
Giz
G13__ I

G15 Plastic p.‘odud
Glassware, Cersmics, mMela!T

Gi6
Mattor

17 Pieel basic Industries, 1
__Jmital basic industries R SR B

fAetal product (tools, appﬁance

G18 household  furmfure,  buiidin

o RO ISR ENUDY DU W [ S e e p o B N0 ) A08
(319 Metal pmdu:l (cons.lmdio X . .
N Ly SN ISR (PPN SR NN DRSO NPT S 168 .| E 9T
S - L4587 186 f.383| . | .91). . 8B| 3075 847
. -GZI ¥Aachines {Enﬁir\es Turhne
£ o fo L Mechiner) JRUY DU WU SRUY OF PRPURUURDY PRONOUVN (PR e ... (RNNY SURURRI S 5 | N 4. 224
A 4 feve) Plachines (for ;mduang rne{al ° . .
g otdpoduds) e e e R e ] 80120
23 ;
3 21 : e}

Afachines (calculaing machine
G24 Aowunung machines, Wate
L pumps, aiF of gas compressor : B .

B . JUSUUIS DU & | - 7.1 Al oo} 4l 50N 747 595
Co- Electic produc! (Maohanes o -

G25 Froducd ender No.7g, Radio sel
Flcdrk: instrumenls or applisnce . .

e RO - e AV B L L3 T 150,83 | 12,07 115472
G726 Eler:lric_ . prwuct (Eledra )

S wool __Jasay 1 .
Ga7 Yranspanatmn machines  {Shi . - -t O
ffffff Toaing, Suecloars, Cansor Traversyf | — 00 - 159 1052| 5491 183
[Transpartation . maching T - e | =284 | 1931
G28 Kuolorcyces, ¥ricydes, Bicyde
Pirered, Whacled veficies efe) 304, 2,91 78 31 ss| 150] 621
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its Vicinity in the Kingdom of Thaa!and

A2y

G28_recision mactinery e S DO, L2600 4,01 0 - e ]88
630 thers {Mus!ca!ms.lmmenis upof? .
e |Toysstey o PR e . S - BV 8 TN -3 A
~ (5?1 gyéirasgﬁnfgggz(wapggz;c) s . ~ . TR S & A b ) 1
a3z Pihers (Engine-ddven for whidu .
.. [ moloqoycies elc. . - SN N 75 135 I K. £ - ] 8801 1291 19,16
- - [Others (Stone, Walches or Glock . X , :
G33 Contral wasle Treatmant  plant .
- 3enarating stean, sall etc) 5 - el : Akl : 48 b21] 1,06
| Caiogery ol faclonss T06 1 B00] 4568 69701 60 1583 | 19.55 | 16207 111,50 175797 | 195,09 (500,90
Table 3 8 HW generatlon by type of waste in 2001 2005 and 2010
: ' Uriit : ton/year
HW Code o - Generation | Generation | Generation Rate to
for the Descriptions Amount - Amount - ~Amount Total (2010)
Study : : 2001 2005 - 2010 (%)
WOt “Acid 1,881 1,868 2,000 - 0.3
Wo2 | Alkalis - - 2,956 3,003 - 3,044 0.5
wo3 Heavy Metal Compounds “4,555 - 4,687 4,724 0.8
W04~ | Liguid Inorganic Compounds 51,774 54,797 57 590 9.6
W05 Solid Inorganic Gompounds .. b85s 607 628 Q.1
‘W06 - | Organic Compounds 14,579 15,636 16,632 - 28
wo7 Polymer Materials o 18,331 19,850 21,286 - 38
" W08 Fuel, Qil and Grease . 159,690 163,974 168,340 | 281
W09 Fine Chemicals and Biocides - - 18 - 18 18 0.0
W0 ‘Pickling Waste i . 1,419 1,502 1,565 T 03
© W1 Filter Materials, Treatrnent Sludge - 180,238 187,977 191,057 31.9
) Other Toxic substance (besides e ' : y
W12 WO1-W11) : . 121,430 . 126,892 _131,394 220
All Categories of HW 557,456 580,900 598,278 100.0

3.2 Non-HW Management Master Plan
3.21 Goal

The prlmdry goal of the non-HW 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 ngdom centers mdustrles and economic activities.

By the development of the non—HW manag,ement system, it is expected

s fo preserve the environment and public health in the area and facilitate the .
' sound economic and sociaf devc!opment of the area, and

e - {0 promotc the growth of internationally competit:ve mdustries in Thailand

complying with the strict ISO standard and the enwronmental requ1rements in
the mterndtlonal market.

The lmportanl issues in establishing a proper non- HW management system are (1) to
reduce IW generation as much as possible (Reduction), (ii) to reusefrecycle IW
generated as much as possible (Reuse/Recycling) and (iii) to properly treat/dispose of
IW, which could not reused/reeyeled (Proper Treatment/Final Disposal).

" With such recogmtion the goal of the M/P set above can be mterpreted in pract1ca1
terms as follows.
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I.  An appropriate on-site IWM system is ostablished, That is, factories

minimize IW generation as much as possible, and reuse/recycle generated [W

~ within the factories to a maximum extent. Factories discharge only waste that

- they can not reduce nor reuse/recycle by themselves, and subcontract its

collection/traribporhtion reused/tecycling, and/or final disposal to waste
busme%s enterpri ises with authorl?ation to render such services.

2. An approm iate offsite IWM system is also establlshed In the system waste

- that'is once discharged by factorics is zeused/reeye}ed as much as possible.
Waste that is difficult to be reusedfrecycled -is properly treated and/or
dasposed of wﬁhout env1ronmental negative impacts, '

3. The off-sne IWM system is estabhshed by the private sector It provides

appropriate and adequate off-site TWM services. The services include

* collection/transport, reuse/recycling, intermediate treatment and final disposal
with pro'pcrly:ct_)_ntrolled equipment and facility.

4, A'sound market of IWM services is established. In the market, the service -
providers compete in price and servnce quality, and waste genelators bear the
- cost for approprlate servme -

3. 2 2 Targets

- The M/P will be 1mplemented in two phases for the accomphshment of the above
goal

Short term : - 2002 2005 -
Mid- and long derm: 2006 2010

“In seltmg tar g(,tc; for the goal of the M/P, the team took account of the followmg
views. :

1. By the promotlon of waste reduction at factories, the total generation amount
in 20101 is only 10% more than that in 2001,

2. The quality of eurrent reuse and recycling activities is improved and the
reuse/rccyehng rale as high as 80% is maintained even a]ong with thc_
“increase in personnel cost

3. The waste amount of on-site final dlspoqal is reduced to half by the
_enforcement of strict control on on-site final disposal in consideration of the
fact that on- sﬂe final disposal is often affectmg the environment.

4. Part of waste that is currently dlsposed of on-site is dlverted to off-site

~ treatment/final disposal facilities. The waste amount treatcd and/or disposed

- of off-site in 2010 will be 13.5% of the total generation amount, which is
2.55 times more than the figure in 2001, i.e. 5.3%.
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Table 3-9: Targets of Non-HW Management

' Item ' Present Short-{erm Mid- and Long-

' (2001) - | (2008) - term (2010) ¢

Generation (tonfyear) - - ) 2,364,782 2 485 064 2,601, 993
Reusefrecycling rate (%) : 78.4 78.9 o 795 ¢

On-site (%) o 136 - . 134 13.2

Off-site (%) ' ' 64.8 656 | " 66.3

On-site final disposal (%) -~ - : 14.1 .87 6.7
Off-site treatment and final disposal (%) | B3 MM o 135§

On-site Reduction (%) S 04 - 03 0 .- 0.3
On-site storage (%) S o 18 0 R

Note % in Bracketc:. is the rate to the total generation amount

The non- IIW flow in 2005 -and 2010 will be as shown below, assummg that these
Ctar gcts arc achlcved :
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Generation
2,485,064
100.0%

—

R

O Off Collection & On-gite Reduction Reuse & Treatment /
Site ~ Transport Treatment " Recycling Final Disposal
Final Disposal
- {Factory}
. 238,896
8.7%
) Reuse/Recycling
- Onsite 320,731 12.8%
580,269 — : 12,022 .0.5%
23.4% Reduction 332,753 13.4%
8,552 . -
Cn-site 0.3%
Treatment :
- 20,642
0.8% Residues
12,090
©0.5%
Treatment / Final Disposal
L 68 0.0%
> 276,080 11.1%
Offsite Coilection 276,158 7%
1,904,795 ™ 1,904,795 -
76.6% 76.6% Reuse/Recycle |
P 1’25?5’;20? t Unit : ton/year
20,642
0.8%
2,485,064 8,552 1,861,458 515,084
100.0% 0.3% 78.8% 20.8%

Figure 3-1; Non-HW Flow (2005)




Oon/Off - Coilection & On-site ‘Reduction ' : _ Reuse & ) ' : Treatment [
Site " Transport Treatment | .| - S " ~1 " Recycling Final Dispesal

Final Disposal

9s

o| (Factory)
473,833
6.7% :
Reuse/Recycling
Onsite b 329,621 12.7%
~p 524,604 |omo] o : ‘ s 12,451 0.5%
20.2% | Reduction 342,072 13.2%
- ) v B,624 :
b WJT 0.3%
Generation : ’ . Treatment .
2,601,803 t~ : » 21,150 , _
100.0% | B _ 0.8% - Residues
' : ' 12,526
0.5%
Treatment / Finzal Disposal |
» 75 0.0%
oo —p 352,016 13.5%:
Offsite Collection ' o L _ R SR N 352,091 13.5%
> 2,077,389 [ 2,077,389 » : T e
78.8% - 79.8% : - D . ... |.Reuse/Recycle . o
' o '1’(:;53';:3_ - Unit: tonfyear
21,150
' 0.8% o - S
2,601,993 - 8,624 . 2,067,445 | B 525,924
160:6% DR S _ 03% ! - 79.5% " 20.2%

Figure 3-2: Non-HW Flow (2010) -
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3.2, 3 Master Plan (MIP)

“The targets of the M/P shown earhcl can be summarlzed by three terms: generation
reduction, the maintenance of reuse/recyeling rate and the shift from on-site disposal
to off-site disposal. In addition to these, the M/P should contain activities for the

- purpose of smoothly carrying the M/P into action. The team proposes the M/P
conststing of eight clcmcnts as shown below. The follawmg table summarizes the
proposed M/P :

2. Improvement : ,
. of 3. Development : .
1. Apprépriate reuse/recychng of treatment/final 4. Introduction of
WM at source system - and disposal licensing system
I promotion of faciliies

reusefrecycling
industry

Maintenance of
Reuse/Recycling Rate

¢ Measures agéinsl the : .Shiﬂ from {.‘)n~sitel
- heavy dependence on :

Generation cheap labor force. Daspos.al to Off-snte_
Reduction »  Measures against ihe Disposal
: - shrinking : of ) :
. reuselrecycling market. .
» Measures against
unclear reuselrecycling
activities,

Targef:s of M/iP

Smooth Execution of M/P

5. Correct 6. Improvement 7. . Waste

understanding of | | of data control management 8. Public
‘the status of system - unification _ participation
WM : . o _ _

Figure 3-3: Structure of the Non-HW M/P
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Table 3-10: Summary of the Non- HW M/P

Subject l . Shortterm l Mid- and Long~‘term
1. Appropriate WM at Source o
a. Establishment | « = DIW directs factorles to have [« DIW obl:ges factones to appomt

of IWM system a clear mechanism to place - a - general ~ manager who
: ' responsibility -+ for . waste | ~ comprehensively - oversees
management and a technical IWM  at faclories. and a
: control system at factories. ‘technical- manager to establish
+  DIW, in cooperation with other | @ clear IWM system.

- authorities, introduces training [+ DIW  ‘promotes - factories’
programs . and - certificate - preparation of enwronmentai

- systems for human resources reports.

. development,

« . DIW  provides technicai
" services to factories. :

b. Promotion of je -~ DIW  prioritizes . industrial . DIW continues * to  promote

waste reduction . sectors  that need - waste waste reduction -~ and
and reduction and reusefrecycling reusefrecycling  to - industrial
reuse/recycling - according to the nature of | sectors in the order of priority.
, : waste in terms of quality and : :
quantity. R _
» DIW . promotes waste

reduction and reusefrecycling
to the industrial sectors thh

: . high priority. S S
c. Realization of f» .~ DIW skrengthens its control « DIW - . strictly controls
appropriate = over inappropriate on-site inappropriate ~ on-site ~ waste
on-site o ©wasle treatment and final . treatment and final disposal by
treatment/final - disposal by . the factory .. the factory inspections and on
disposal and inspections and on other other occasions. , D
appropriate © occasions. o »  DIW regulates factories to
off-site o DWW directs factories to| . separate waste.
discharge . separate non-HW waste from |+ DIW obliges factories to entrust
HW, ‘and separate non-HW |.  their off-site waste disposal to
into that from production lines licensed enterprises.

and the other, and separate
waste into further categories.

» DWW - promotes the
construction of appropriate
waste treatment/disposal
facilities.

« Diw examines the
introduction of a licensing _ : :
system in accordance with the o ' 2
legistation of the manifest : - g
system by PCD,

2. Improvement of Reuse/Recycling System and Promotion of ReuselRecycImg industry
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Improvement
of
ReusefReryclmg
System

DWW 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 reusefrecycling
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. Pr‘omoti_bn of -
Reuse/Recycling
Industry

DIW regulates Inappropriate

- reuse/recycling activities and

promotes ~ appropriate
relsefrecycling by preparing

technical and financial
support. B
DIW . promotes waste

- recycling at cement factorfes.
~DIW nurtures waste analysis,
- adjustment
© industries. -
_ DIW studies and- promotes the
- use of existing facilities for the
" waste recycling purposes. _
DIW promotes R&D of various

and -blending

. waste recycling technologies.

s+ DIW  continues lo regulate
inappropriate - reusefrecycling
activities - and .. promote

appropriate reusefrecycling.

DIW promotes R&D of various
wasle recycling technologies,

3. Deve!opment of Treatment/Final DISpOSBi Facilities

DIW continues to promote the

- BMA.

a. Promation of [« ~ DIW - - promotes the | »
Treatment/Final construction of non-HW final construction of non-HW final
Disposal . - disposal facilties by the disposal facilities by the prlvate
Facilities private sector. : ~ sector.
Construction - ' . o o
b. Control over j» - DIW strengthens its control |« = DIW continues to strengthen its
inappropriate “over ilegal waste dumping control ~ over illegal waste
Waste and regulates illegal non-HW ‘dumping and regulate illegal
Management - treatment/final disposal non-HwW treatment/final
facilities by “developing a dispesal facilities by developing
facility design and operation a facility design and operation
standard. ‘ standard. _
c.. Co-use of|e Before non-HW final disposal |» = DIW  put the reception
Facilities for facilities are developed by the conditions set in the short term
Municipal Waste private sector, DIW allows the into effect.
. final disposal of non-HWtobe |« As  for the intermediate
* continued ~ at  municipal . treatment not for
tandfills by mulual consent reusefrecycling purpose, DIW
_between - MOl and local promotes the use of facilities for
administrations including municipal waste, if they are

if waste disposal at municipal
landfills is continued, DIW, in
coaperation with focat
administrations, - | develops
reception conditions to be
applied to non-HW. '

" available.

4. lntroductlon of Licensing System
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DIW examines the

introduction of a licensing
system, by which wasle

. collectors/transporters

andwaste 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
reusefrecycling, intermediate
treatment and final disposal. -

. Befare the introduction of the
. licensing
- enforces the present transport

~system,  Diw

permit system'thoroughly.

DWW r’egulates 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 ticensed

enterprises with benefits such
as téchnical and . financial
support -and information of
waste exchange, so that propér
waste business’ enterprises are

: encouraged

5. Correct Understanding of the State of WM

a. Development | o
of a Monitoring
System

DIW reviews the present
control measures executed on

~such occasions as faciory

registration, " registration
revision, . . and factory
inspections . and = exarnines
which  control . procedures

should be strengthened for

_ waste management
DIW directs factories to foilow

the manifest system of PCD
when it is legally established.

o Following the

result - of
examination - done . in . the

- short-term, DIW strengthens - lts

control over factories. _
DIw strlclly execute  the

manifest system.

b, EstainShment .
of  information
control system

As for

information "~ DiwW
currently collects, - DIW
reviews and improves the
data storage method.

- As for infermation DIW does
© nat currently - collect, DIW

examines what sorls of
information should .~ be

‘collected and how. Especially,

DIW . examines  the
implementation of a regular
factory survey and arranges
legislation.

DIW  starts to disclose
information -~ on . waste
management as a tool to
promote public participation.

. 'DIW commences the new
- methods of
" collection examlned in the

" information

short-term.

DIW rmakes further efforts o
ease information access for the
public and factories.

6. Improvement of Data Control System

»

DIW appoints the necessary

number of personnel who
controf and update the
databases, - and afrranges
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,
other relevant offices. DIW
prepares, software - and
hardware for this purpose. *
DIW develops procedures to
share the data .in the
databases such as wasle
classification by code
numbers,

DIW attempts to open its data
on waste management

IEAT, and

| 7. Waste ManagementUnlfscatlon -

Governmental organizations
relevant  to .- waste
" management examine - the

introduction of a new umbreita
act which regulates every
issue of not only industrial
waste but also municipal

Thai government introduces the
umbrella act under which waste
management is unified. }
Relevant organizations modify
their acts and organizational
structures to  promote the
execution of the new act.

waste and hospital waste.

8. Public Participation |

. standard

DIW, in cooperation with other
government - organizations
concerned, takes ‘effort to
regain confidence of public by
tightening control on illegal

. dumping and strengthening

monitoringfinspection of

existing = freatment/disposal
facilities. 7

- DIW and other government

_ organizations concerned open
necessary . information  to

_ public - and - promote
environment  education  fo
deepen .- - people's
understanding of waste

management issues.

DIW examines how to ask for
public cooperatien for the
establishment of appropriate
wasle management system
and how to involve peaple info
the planning process of waste
treatment/disposal facilities.
DIW develops a site selection

for = waste
treatment/disposal - facilities
that  satisfies people’s

requirement.

DIW and other government
organizations concerned ask
_ the general public to cooperate
-for © illegal waste - dump
prevention.
- DIW, in cooperation W|th 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 treatment/final
disposal facilities.
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Il is to be noted that in regard to the second item with an asterisk (*) of “6.
Improvement of Data Control System” in the short term, the team recognized that the
incompatibility of the database of the provincial industrial offices, which collect
information of factorics in their areas, and the database of the IT Center, which
should collect factory information from the industrial provincial offices across the
country, is a highly critical problem. Therefore, the team proposes an action plan to
develop a data transfer system which will be as in the figure below. This action plan
was taken up as Pilot Project 3, and its content and lessons learned can be found in
Section 4.3.3 of the Main Report.

I'f Center Oracle DBAMS
= e
Fxctayy
Registration
Tnatshase
Worksiaton gy 1lub —
Proxy Server
Waorkslxtion : e

Hub

UNLY
Workstzhion

Deavelop the DB
connection
intarface prograrm
10 manage oracle
DBMS

Internel

Improvement Plan

BDevalop
application o

i updale the DB |

Regional
Office

Yactony
Repirason
Databine

Foxpre

Figure 3-4: Action Plan for Factory Data Control Improvement

3.24 Promotion of the Project Implementation (Financial Viability of
Construction of a Non-HW Landfiil)

The projects proposed in the M/P are various invdlving several organizations of
different ficlds. Therefore, cost estimation necessary for considering how to promote
M/P implementation requires further in-depth studies. For example, “IWM at the
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Waste Sources”, the important clement of M/P, has three components, (a)
cstablishment of wasle management system, (b) waste generation reduction and
reusc/recycling and (¢) appropriate on-sile waste disposal and appropriate waste
discharpe, and the implementation of cach component requires the involvement of
authorities 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 offsite treatment/disposal
facilitics that is necessary for relevant authoritics 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. Although various non-HW {reatment/disposal options can
be considered e.g. reuse, recycling, and quantity reduction by incineration, the team
estimated the cost of final disposal facility development and operation. This is
because reuse and recycling of non-HW have already been enough developed 1o
cover the future increase of generation while quantity reduction by incineration will
never be financially feasible as an option of non-HW treatment due to its much higher
cost than other options.

a. Cost Estimation

a.l  Preconditions for Cost Estimation of Landfill Facility Development and
Operation

- In estimating the cost of landfill facility development and operation, the team
established the preconditions as given Table 3-11 below.

Table 3-11: Precbnditions for Cost Estimation of Landfill Facility Development

Items Preconditions Remark B
Types of wastes landfilled All the non-HW subject to treatment
or disposal oulside the factories
Amount of wastes landfilled 1,884,862 tons - The total amount of non-HW
(2,356,079 m°) that is estimated to be

generated and subject to
treatment or disposal
outside faclories between
2005 and 2010 in the M/P.

- Volume (m°) of the wasles

is estimated at the apparent
density of 0.8 tons per m>.

Landfill method Sanitary landfill

Amount of soit cover used 471,217 m® - The amount of soil cover
used is assumed to be 20%

o, of the volume of wastes
i landfilled.

Landfill capacity 2,830,000 m’ - ltis estimated based on the
sum of the volume of waste
landfiled and scil cover
used.

Landfill area 282,000 m* - ltis estimated based on the

_ landfill capacity above.

Project period - Starting construction in 2004. - Starting vyear of landfll

- Starting landfill operation in operation is set up at 2005
2005. considering the time needed
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ltems . Preconditions : ‘Remark .
Completian of landfill operation for . construction - and
in 2010. S | - préparations for operation, .
- 6 years' landfill operation - - Gompletion-year of Landfili
. S : operation is set up at 2010,
i.e. target year of the M/P;

a.2 Iustlmatmn of the Construehon Cost of Landfill Faclhty

Estlmatton of the constructnon cost of landﬁll facility is made by calculatmg thc unit
cost of construction per ton of waste landfill based on the cost cstimation data in *F/S
" Summaries and Pre-Appraisal Khon Kaen- Municipality Sol;d Waste Disposal .
Project” (hereinaficr mentioned as OEPP chort) which was prepared by OEPP,
Office of Environmental Policy and Program. = The estimated construction cost of
landfill facility was given by calculating the product of unit constl ucllon cost per ton
of waste landfilied and the total amount of waste ldndﬁlled

. Conscqucntiy, the umt constructlon cost per ton of waste l'mdﬁlled is c,aiculaied by
the followmg formula based on the OEPP 1eport : ‘

Umt construcuon cost per tori of waste landﬂlled =

(Total construcuon cost of the landﬁil tamhty)/((‘apa(:lty of Landﬁlhng waste)

*

' Thzs glveq _ _ : -
49 190 (million bahts) ./ 431 212 (tons) =

Umt cnnstructmn eosi 1141 (baths/ton)

- Finally, construction cost of the ﬁnal dlSpOSdl facility to landﬁll the total amount of
1,884,862 tons that is estimated to be gcnmatcd betwccn 2005 and 2010 in thc M/P is
' gwen as below.

141 l(bahts/ton of waste) X1, 884 862 (tons of waste) =
Construction cost: 215 1 (million b ahts} :

_ - (Land acquisition and facility plan/des;gn costs are excluded.)
a3 Iusnmatwn of the Opcratmn cost of Landf’ 1 Faclllty |

Tablc 3-12 below shows the resuit of cst;matmg the operation cost of landfill fac;hiy
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 the table.  The sum of all -
the operation cost is estimated as 182.7 bahts per ton of waste landfilled.

Table 3-12: Unit Operation Cost of Landfill Facility

Item _ Unit cost o ~ Assumptions
(Baht/ton) SR = B
Fadcility construction cost 114.1 | Based on the estimation above
Soil cover ' 37.5 | Unit cost of soil cover: 150bahts/m3-soil
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ltem o Unit cost - ' Assumptions
(Bahtton) |

Total amount of soil cover: 471,217m3
Total soil ‘cover gost =

: |- (471,217 X 150)/1,884,862 tong of waste
Fuels for heavy _ o 19.6 Types and numbers of heavy equipment

equipment - o oo Type Number
* || Bulldozer . 2
Excavator o1
Dump truck - .3

Water Tanker . 1

Average fuel consumption: 200 literfvehicle/day
Unit cost of fuel: 12 bahts/liter '
Average daily fuef consumption:
16,800 bahtsfday (=7 X 200 X 12) :
Average daliy amount of waste landfilled:
' 861 tons/day (=1,884,862/(365 X 6))

Manpower cost. . ' - 11.6 | Number of workers: 20 persons/day

' R Average wage of workers: 500 bahts/dgy
Average daily manpower cost per ton of waste
= (20 X 500/861)

Total S : 182.7

£ b, Flnanual Vlablhty of Constructwn of a Non-]IW Landﬁll
b. 1 Use of ‘\/Iummpal 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 approx1mately 352 thousand tons
in the year 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-efficient
method to utilize municipal waste landfill for final disposal of non-HW if separation

~ of hazardous and non-hazardous waste is properly made, the final disposal sites are
appropriately managed by sanitary landfill, and the landfilis have enough capacity 1o
accept non-HW. '

Many of thc mumclpai waste landﬁlls are managed by local admmlstratlous 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-HHW is expected to make the cutrent non-HW
management more transparent and contro! its improper and illegal dumping.

"b.2 Possﬂ}lhty of Non-HW Treatment and Dlsposal by Private Sector

The team carried out a prehmmary financial feas1b1]1ty ‘appraisal of the landfill
development and operation project by making usc of the costs of facility construction
and operation estimated in the previous section. In appraising financial feasibility
project, the team established several tipping fees as shown below.
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Case 1: 200 bahts/ton
C_asé 2: 250 bahts/ton
Cé’sc 3:300 bal_llts/ton
Case 4: 350 bahts/ton.

Other condmons of the pI‘OjCCt are assumed as :,hown Table 3 13 below for all the'

above cases.

- Table_ 3-13: Preconditions of the Project for Preliminary Financial Appraisal

Project Period

From 2004 to 2010

2004: Start landfil facsllty construction
2005 Start landfil operation '
2010: Landfill completed

Project lncome

Collection of tipping fess for final d:sposal of non-HW,
Tipping fee: established for each case (from 200 to 350 bahtslton)
Amount of non-HW Iandfllled

Established based on the estlmatuon of the future non- HW generat:on
from 2005-2010 in the M/P.

Amount of non-HW accepted at the landfill

. Amount of non-HW accepted at the landfill
Year - tonfyear - m’lyear
. A : T B=A0S
2005 - 276,158 ' 345,198
20086 ' S 201,418 . : . 364,273
2007 : 308,620 : 383,275
2008 321,695 - 402,119
2009 336,880 _ : 421,100
2010 352,091 : 440,114 -
Total 1,884,862 2,356,079

Project Expenses

Assumed as follows based on the cost of facmty construction and
operation estimated in the previous section. :

Construction cost: 215.1 million bahts (excluding land and facﬁity
' plan & design cost) :
Operation cost: :
Soil cover (floating): 37.5 (bahtslton of waste) X Fandflil amount
(tons/year)
Fuels for equipment: 12 (bahtsfiiter) X 16 800 (htersfday) X 365
{days) = 6,132 (thousand bahtsfyear) -

Manpower cost: 20 (personslday) X 500 (bahts/day) X 365
(days) = 3,650 {thousand bahts/year)

Fiscount Rate

10% (assumed taking into account commercuai interest rate, infiation,
etc)

The results of estimating NPV (Net Present Value) and FIRR (F inancial Internal Rate
of Return) based on the above assumptions are shown in Table 3-14 below.
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