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3.4 Survey on Associations
3.41 Objectives and Method
Industrial association means a group, an association or a federation of companies
manufacturing the same kind of products. Objective of the survey is to understand
industrial association’s activities to promote the industrial waste management or the
pollution control, and then to know what kind of support the associations expect the
DIW.
23 associations were found in Thailand, The Study Team selected 10 associations
among them as the subject of this survey taking the DIW’s advice into consideration.
The associations subjected to the Survey are listed in Table 3-22.
3.4.2 Contents of the Survey
The survey was conducted during June and July in 2001. The questionnaire was
prepared and sent to the sccretary or the responsible person of the association in
advance of making an appointment in order to help them understand the purpose of
the survey.
The questionnaires to the associations ar¢ composed of the following questions. They
can be categorized into a) general questions on the association, b) thosec on solid
waste, ¢) those on the association’s activitics and d) promotion of the proper TWM.
. Purpose of the association
. Number of member companies
. Share of the production of the member companies in their industrial sector
» Type of the member’s industry
. Associations’ services to the member companies
® Typical waste of the industry
. Problem on IWM common among the members
. Pollution due to the solid waste so far
. Information on the waste colleciors
» Help or support from the association to the member companies with respect to
Wi
e Expectation to the government’s support with respect to IWM
Information needs
. Willingness to promotc waste exchange
3.4.3 Execution of the Survey

The team could get answers to the questionnaire from 8 associations among 10. A
study team member visited 6 associations out of those & and interviews concerning
the associations’ activities on IWM. The other 2 associations gave back the answers
to the questionnaire by fax. Those associations are listed in the following table. The
status indicates whether the team visited or not.
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3.4.4

Table 3-22: Associations to be Surveyed

Name of the associations Status

1 Motorcycle Manufacturer Association Rejected
2 |Automobile Parts Manufacturer Association |Visited on July 31, 2001
3 |Carton Paper Manufacturer Association Not found
4 [Thai Metal Assoclation Visited cn July 18, 2001
5 |Synthetic Fiber Manufacturers’ Association  |Visited on July 20, 2001
8 |Thai Plastic Indusiry Association Answered by fax tﬁ:
7 |Thai Tanning Industry Association Visited on July 13, 2001 _
8 |Automobile Industry Association Visited on July 18, 2001
g |Thai Textile industry Association Visited on July 27, 2001

10 |Thai Steel Industry Association Answered by fax
Findings
& General Findings

Among 6 associations the team member visited, only Synthetic Fiber Manufacturers’
Association and Thai Plastic Industry Association have the permanent secretary
offices, while the others do not. The president of the major member company acts as
the chairman of the association in turn in the association without a pcrmanent
secretary office. Most of the associations seem to pay much more attention to the
production and sales promotion. For example, the Motorcycle Manufacturer
Association declared that it works for the sales promotion but has nothing to do with
IWM, That is the reason why it rejected the interview,

Generally, the indusirial associations arc not so much aware to [WM or pollution
control. They are rather interested in the promotion of cleaner production (CP)
technology.

b. Current Problems on I'WM

Two of the associations gave answers to the question concerning problems of WM.
Their common answers are as follows.

. Since there are only a few companies which have an official permission to
collect and treat waste, the market of waste freatment services is not
competitive but is monopolized.

. Therefore the waste disposal cost has been increasing.

Good example of the waste recycled well is that of the synthetic fiber, because the
that is chemically purc.

Waste from the textile industry is also well recycled. They are cotton yarn, small
pieces of cloth and so on, and are used for a small handerafts, padding of cushions,
etc.

. Associations’ Activities on ¥WM Promotion

5 among 7 associations answered that they have been promoting the better
management of solid waste and also help the member companies to solve the
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problems duc to industrial waste. 5 associations give technical support to the
membets concerning [WM by providing information on technology.

d. Promotion of Proper Management of the Solid Waste

3 of § associations answered that thcy expects the government to give information,
advices, and solutions on I'WM. All of 8 associations declared that they are willing to
promote waste recycling. The member companies are trying to reduce the industrial
waste and need the information on waste treatment technology.

The following 5 associations among 8 declared that they are willing to promote waste
exchange between other industries.

. Automobile Parts Manufacturer Association
. Thai Metal Association

Thai Plastic Indusiry Association

Thai Tanning [ndustry Association

Thai Textile Industry Association

3.5 Study on MWM

The questionnaires sent to the Jocal administrations for the Survey on Non-HW
Collection and Transportation Organizations (Scction 3.2) also asked aboutg
municipal waste managerment system.

3.5.1 Institutional System
a, Bangkok

Bangkok Metropolitan Administration (BMA) is responsible for public services in
Bangkok. Formerly the Department of Public Cleansing (DPC) of the BMA
controlled whole of municipal waste collection services, but the waste collection
service has been decentralized to the district offices several years ago. Today the
Public Cleansing Sections of the district offices collect waste, while the DPC engages
in the policy making of public sanitation and budget management.

Principally, the district offices are responsible for the collection of municipal waste
from houscholds, restaurants, shops, offices, public institutions and markets, but they
also collects non-HIW according to the Memorandum of Agreement made between
the DIW and the BMA on 22 January 1997.

This agreement stipulates that the BMA should tentatively be in charge of the
collection of waste from factories except for hazardous one. It was expected that this
duty was limited only for one or two years until companies or independent
organizations became ready to collect non-HW, but the district offices of the BMA
stilt collect it because such companics have not yet appeared.

b. Four Provinces adjacent to Bangkok

Municipal solid waste in provinces is mainly dealt with by municipal offices. In
Nonthaburi, Pathum Thani, Samut Sakhon and Samut Prakarn, each municipal office
has a Public Cleansing Section in charge of waste collection. There is no official
statement on industrial waste collection but a Public Cleansing Section of each
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municipality collects waste from factories so far as a customary practice except for
hazardous waste.

3.5.2 Technica!l System

a. Waste Collection

The Public Cleansing Sections of the districts or municipalities collcet waste mainly
by compactors of 3 tons or 10 tons, Trucks in various loads are also used commonly.
In some area, boats are used for waste transportation to advantage.

Table 3-23 shows the number of collection vehicles by type, drivers and waste
collection workers.

Table 3-23: Number of collection vehicles by type, drivers and workers

Bangkok | it | Nonthabur | PRERR | SROT
20 t compactor 2 0 0 o | 0
:Iitugompactor 86 19 34 13 11
5 t compactor 1,130 37 47 38 11
2 t compacior 35 0 o] 5 2
1.5 t compactor 30 9 3 3 0
Truck (2 tons to 10 tons) 232 64 30 21 9
Others (including boats) 334 Y 22 25 | 15
Number of Drivers 2414 | im2 142 92 50
Number of Workers 9462 | 468 384 325 187

Source: Answers of the districts/municipalities to the questionnaire made by the Study Team

According to the answers of the districts, in total 8,567 tons/day of waste is collected
in Bangkok. Quantity of waste collected in 4 provinces are shown in the table.

Table 3-24: Quantity of Waste collected by the districts and municipalities

Pravince ton/year ton/day
Bangkok 3,126,968 8,567
Samut Prakarn 295,245 809
Nonthaburi 287,150 787
Pathumu Thani 134,380 368
Samut Sarkorn 127,770 350

Source: Answers of the districts/municipalities to the questionnaire made by the Study Team

The waste collected from the districts of Bangkok is transported to transfer station
either in On Nuch, Nong Kaem or Tha Raeng. The daily quantity of wasle carried
into each transfer station is shown in the following table, These figures might be
slightly different from thosc the BMA reported, as these figures are calculated by
summing up the answers of the district.

Table 3-25: Quantity of Waste carried into each transfer station

. . Fina! Disposal Site Designed Capacity
Transfer Station Quantity {ton/day) (Destination) (ton/day)
On Nuch 3,918 Racha Thewa 1,500
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Nong Khaem 2,959 ~ |Kam Paeng Saen 1,600
Tha Rang 1,690 Kam Paeng Saen 1,000
Total 8,567 4,000

Source: Answers of the districts/municipalitias to the questionnaire made by the Study Team except for
the right column, which was referred to JBIC (2001 )4.

As for the waste collection fee, BMA's Ordinance on waste collection fee enacted in
1978 (B.E. 2521) stipulates the unit fee of waste coliection form factories, The fee
rate is 40 Bahts/month for the first | cubic meter/day of waste plus 40 Bahts/ month
for additional 1 cubic meter/day. In case of collection on request, it costs 25 Bahts for
first 1 cubic meter and for additional | cubic meter. This tariff is far lower than the

current cost for collection and disposal, as more than 20 years has passed since it was
cstablished in 1978,

In principle the factory is charged the fee according to the actual guantity of waste
collected, but in reality a fixed rate for the averaged quantity of waste is charged to
each factory. According to the answers of the districts of BMA to the questionnaire,
the fee rates for small, medium and large sized factory are approximately 600, 800
and 2,000 Bahts/month, respeetively. It is also common to apply the lowest fee rate at
40} Bahts/mouth to the small factories.

In Samut Prakarn, soine cities charges a fixed rate of 1,500 Bahis/month regardless to
the factory size. It might be because the definition of small factory may not be
applicable to those located in this area where many large factories are located.

In Nonthaburi, the fee rate is low compared to that in other districts. The fee rate may
be stable in low rate because Nonhiaburi Province Sanitary Management
Organization has operated the public disposal site.

In Phatum thani, on the contrary, the fee rate is fairly high. 2,000 Bahts/month is
charged in a certain municipality, and even the 5,000 Bahts/month is charged for the
large factories.

In Samut Sakom, the fee rate for the small and medium sized faciories is similar to
that in Samut Prakarn, or a litile bit higher, though oanly one municipality charges
6,000 Bahts/month for the targe factories.

Table 3-26: Average Waste Collection Fee by Size of Factories

Factory Size Small Medium Large
BMA 600 800 2,000
Samut Prakarn 500 1,500 2,000
Nonthaburi 500 800 1,000
Pathum Thani 500 2,000 3,000 |
Samut Sakorn 500 1,600 2,000

Unit: Bahts/month
b. Disposal Sites
b.1 Bangkok

* SAPROF team, “JBIC special assistance for project formation (SAPROF phase 1) for solid waste
management at On-Nuch”, JBIC, Fcbruary 2061.
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3.5.3

Waste carricd into the On Nuch transfer station is then transported to a landfill site in
Racha Thewa in Samul Prakarn, southcastward of Bangkok, while waste carried into
the Nong Kaem and Tha Racng transfer station are transporied to that in Kam Paeng
Saen in Nakon Pathom Province. Both landfill sites are managed by private
companics.

b.2 Samut Prakarn

A private sanitary landfill site was developed and started to fill waste since 1997. The
site is located in Preksa Mai, north 1o Bang Poo Industrial Estate. It is well designed
and well managed. 12 municipalities in Samut Prakarn carry their waste into this site
at about 700 to 800 tons a day. The capacity of the site is estimated to be some 3
million cubic meter. Tarifl’ is 1,000 Baht/car for a compactor and total revenue
reaches 2 million baht/month from the municipalities.

h.3 Nonthaburi

Nonhtabwri Province Sanitary Management Organization under Nonthaburi Province
Administration Organization owns and operates the landfill sites common to all the
municipalities in Nonthaburi. It was developed in 1985 in Aimnphoe Sai Noti and has
the area of 68 rai (108,800 m?) (120 rai including leachate stabilization pond). It
accepts 600 to 700 tons a day at a cost of 37 Baht/ton. I has served for 17 years and
is already overloaded. There is alrcady some 2 million tons of waste and the
Organization plans to remove a haif of them and to close the site. The leachate pond
next to the current landfill site will serve for the landfill for the next phase. The
Organization plans to raise the tariff to 150 Baht for the next phase.

b.4 Pathum Thani

Being funded by the Department of Public Works, the municipality of Muang Pathum
Thani has constructed a sanitary landfill site in 199§, called Waste Treatment Center,
in the western part of the province. The following 6 municipalities among 13 in
Pathumthani province carry their waste into this site: Muang Pathum Thani, Bang
Luang, Rahaeng, Lam Luuk Ka, Prachatipat and Nong Sua. In addition, 24 Obotho, 1
center and § private partics also carry waste into this site. The area is 118 rai (188,800
m?) and the capacity is 817,000. It accepts 400 tons of waste a day at a cost of 100 to
150 Baht/ton for the municipalities and 200 Baht/ton for the private parties. It was
planned at the beginning to serve for 20 years only receiving waste from Muang
pathin Thani but the life might be shortened because other municipalities started to
use it and the waste quantity has been increasing.

For eastern part of the province, private landfil} site has been constructed halfway in
Tambon Muang Ku Khot, but it was stopped in 2000 due to the people’s opposition.

b.5 Samut Sakhon

All 7 municipalities belonging to Samut Prakarn province carry their waste into their
landfill sites. Municipality of Om Noi and Bang Pla carry their waste into the private
land, while other municipalities carry waste info their own land.

Current issues

a. Unclear Responsibility for Collection of Industrial Waste
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3.5.4

Before the MOI Notification No.l B.E2541 (1998) was issued, the local
administration was responsible for even industrial waste except for the hazardous
one, The issue of this notification means that DIW is responsible for the management
ol industrial wasle either non-hazardous or hazardous one, but in fact, the local
administrations still collect non-hazardous industiial waste. In case of the BMA, the
district offices collect non-HW from factories according to the said memorandum.
When the agreement was made, it was expected that private companies would appear
soon which collect non-HW from the factory as their business, but yet no companies
appear. Therefore, the district offices are still forced to collect non-HW and it goes to
the municipal landfill sites, while DIW cannot promote the participation of the private
sector in the non-HW management business.

The problem is that the local administrations collect indusirial waste without bearing
the responsibility of non-HW management, which is retained by DIW. It may
discourage the municipality’s effort. It is much betier to entrust responsibility to the
locul administration in order to encourage their collection services.

b. {llegal Dumping

It is reported that there are illepal dumping sites in some of the districts and
municipalities. It is said that most of them are waste discharged by the tesidents in the
area nearby. This might indicate that waste collection frequency for the residents is
insufficient. District and municipality offices should clarify the reason why illegal
dumping occurs and should take necessary measures to improve the service quality
for the residents.

MOSTE’s Policy on MWM

MOSTE has a role to direct them toward appropriate wasle management by

presenting policies, while BMA and the provincial authorities are the implementation
organizutions of MWM.

MOSTE proposed the following policy, target measure and operational models for
the improvement of MWM.

a. Policy for Improved MWM
MOSTE states the policy to improve the MWM as follows.

(1) Reduce waste generation

(2) Support the local administration organizations in budgeting, personal, and

technology to deal with completed flow of waste management, i.c. collection,
{ransport and treatment

(3) Promote cooperation and coordination among local organizations to manage a
central waste treatment system

(4) Encourage the formulation of rules, regulations and standards for waste
management which is practicable for agencies concerned

(5) Promote and support participation of non-governmental organization and
people in solving waste management problems

b. Target of Improved MWM
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(1) Daily wastc gencration rate per capita should not exceed 1 kilogram in B.E,
2544 (2001).

(2} Rate of wasle reuse and recycling should not to be less than 10 percentape and
15 percentage in B.E. 2544 (2001) and B.E. 2549 (2006) respectively.

(3) Amount of waste which is not collected in municipal area should not exceed
10" % and 5 % of total waste generation in B.E, 2544 (2001) and B.E. 2549
(2006) respectively.

{4) Every province should preparc a program to have a central facility to sanitarily
treat and/or dispose of waste. The number of constructed such facilities should
not be less than 50 % of total number of province in B.E. 2549 (20006) (about
38 provinces).

c. MOSTE’s Action

(1) To provide local municipalities with the central waste treatment plant for many
communities

(2) To promote co-investment by private sector in waste treatment and recycling

(3) To encourage the private sector to start waste management business and to
monitor their operation.

(4) To apply PPP (Polluter Pays Principle)
(5) To amend laws, regulations and rules regarding with scrvice fee

(6) To develop youth’s attitude by education and campaign, and also promote
people participation

(7) To provide training for government official and the private sector

(8) To support research and development of irecatment system for appropriate
technology in a systematic way

d. Proposed Model of the Waste Treatment Facility

MOSTE proposes to construct centralized waste treatment facility which several
communities can jointly use. A model of the centralized waste treatment facility
which comply with environmental and safety standards has been studied and designed
by applying appropriate technology. The model is able to cope with waste generated
from many communities. It also can mitigate problems that occur when the
communities run the waste treatment independently.

The local organizations are expected fto operate and manage the facility while the
central government provides financial and technical support conforming to the
following principles.

(1) The waste treatment center, regardless the number of provinces to be served,
must be able fo accept at least 50 % of waste generated in the area. The local
administrative authorities concerned should enter an agreement which specify
the minimum quantity of waste to be carried, the service fec and so on.

(2) Local administrative authorities with high ability in good waste management,
for instance, the provincial governments, the municipal offices, the BMA and
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3.6.1

Phathaya city authority, arec expected to be leaders for operation and
management of the centralized waste treatment facilitics.

(3) Local administrative authorities in the areas where waste transfer and trecatment
facilities are located should have an opportunity to participale in conducting
and monitoring the project and should be able to enjoy benefit of the project.

(4) The state owned land for public use has 2 first priority to be a land for facility
location. Cost of land must be considered in a capital investment of the project.

(5) Total project cost over the whole life-time including cost for future extension
should be estimated. Available financial resource should be identified for every
siage of the project.

(6) Local administrative authorities involved in the project are required to have a
plan of waste collection and transport. Service fee collection and its system
specified in the agreement is to be incorporated to a Provincial Action Plan.

(7) Local administrative authorities who own the project should have
co-investor(s) selected from private and/or non-governmenl organizations with
appropriate proportion. The selection process of co-investors and expected
partnership relations are to be clearly specified in order to have co-investor(s)
who can participate throughout the project life-time.

(8) Local administrative authorities involved in the project should prescribe the
relevant regulation and rate of service fee to be collected which will be given to
the owner of the projeci.

(9) Local administrative authorities involved in the project should collect the
service fee efficiently.

(10) Central government agencies (i.e. the Ministry of Interior and MOSTE) and
comrnunities involved in the project should establish a working group to
monitor, control and evaluate the project operations,

Public Opinion Survey

Objectives and Work Flow
a. Objectives

The development of a mutual trust between the public and the government is esscntial
for the establishment of sound Industrial Waste Management (IWM). A public
opinion survey was carried out to find out appropriate approaches to establish
cooperative relationship between the government and the public by asking the public
their opinions regarding current situations of 'WM and government policies and
measures. The contents of the questionnaire and target areas for the questionnaire
survey are subject fo the objectives described below.

. To determine how aware the public are of environmental issues, in particular
WM,

2. To find out people’s opinion about government policies and measures of [WM;
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3. To cxamine an appropriate approaches for the government to achieve a
consensus about IWM with the public.

The samples of the questionnaire survey were sclected randomly from the study area
in accordance with the above objectives.

It is to be noted that the survey similar to this to ask the general public opinions on
the environment and industrial waste management has not been done by DIW,

b, Work Flow

The procedure of implementing public opinion survey is illustrated in Figure 3-13.

Preparation of the survey
& Design of Survey

The team and DIW came {o an apteement with the method and outline of survey
shown as follows.

[ Method of Survey:  interview

2. Target of Survey: all pcople of 18 years old and over in the study area

3. Number of samples: 400 valid samples

4, rTarget area: Bémgkok, Samut Prakarn, Nonthaburi, Pathum Thani,
and Samut Sakhon Provinces

5. Number of questions: about 40 questions subjects to objectives of survey.

6. Subjecis of Survey: (1) awareness of general environmental issucs;

(2) awareness of industrial waste and its management;

(3) opinion about preferable countermeasures to solve
problems caused by inappropriate management of T'W
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Time Scale Fiow of Public Opinion Survey Work Decription
ist I .
Mar 1.Preparatory I. Team/DIW set up the objectives of
2001 % Work the public opinion survey (POS).
5 |
©
£ 2.73. Through discussions team/DIW
43 2 Prenaration of selects target areas and prepar a
?; %ﬁﬁfﬁ?gg et questionnaire. DIW examines it and ask
] modification if necessary,
h
?
29 | —
Mar v 4. DIW prepares a request letter to the
200t o sample households for the cooperation
4.Preparation of a 5 Approval of p perd
Request Letter JICA of the survey.
I ] 5. JICA examings ithe plan of the
1st survey and gives approval if it is
z.iluoni 6.Conlract out to app?'oprlate.
Local Consutant 6. The team make a tender and
] selects a local consultant (LC) to
% conduct the survey.
= 7. The LC and the team selfects
7.Selection of
EE- Sarrcpg.:.o samp'e households,
o
=
§ 8. Before the mplementation of the
@ 8.7t Survey survey the LC conduets a pilot survey
E to examine the applicability of the
El;‘fd S A questionnaire.
July 9. Iplementation
2001
@
10. Ga i .
8 ta Analysis 10/11, The LC analyzes the data
c obtained by the survey and make a
E [ 11. POS Report l report.
me | = _
of o I
aug | & - A
2001 12 efim Report 12, Through the carefult cxammnation of
the POS report made by the LC the
e ‘ leam prepares the interim report.
1; g 12 Frogress report
e 2 I3. The team conducts detailed analysis
ot |2 = and prepares the progress report (2).
2901 |3
Figure 3-13: Work Flow of POS
b. Preparation of Questionnaire and Show Card

Questionnaire

3-62



The Studhy an Master Plan on Industrial Waste Mancgement in the Bangkok Metropolitan Area and JICA
its Vicinity in the Kingdom of Thailand 3.6 Public Opinion Survey

The questionnaire is divided into 3 sections: (1) about general environment issues, (2)
about W and IW management, and (3) about the interviewee. The purpose and
confent of each scction are summarized as below.

The conlent and expressions were modificd based on the result of the pilot test and
finalized in consultation with DIW. The questionnaire used in the survey is shown in
Annex 3.6.

b.1.1  About Interviewee (From Q.34 to Q.42)

This scetion tried to gather personal information such as age, sex, and income to
examine explanatory factors for the in-depth analysis.

In addition, the result was used to examine how selected samples represent the
population, by comparing the distribution of samples in terins of sex, age, and income
to other data, the population profile which the local subcontractor renew every year.

b.L.2 About General Enviroument Issucs (From Q.1 te Q.12)

The primary purpose of the POS survey is to know how aware people in the study
area are of [W and IW management issues. However, the questionnaire included
questions about general environment issues as well as questions about IW and IW
management, in order to know how much Thai people are interested in environment
issues in general and what kinds of approach they prefer to solve environmental
problems.

In addition, it is possible to analyze how people’s awareness of environmental issues

changed in the past decade, by comparing to the result of a similar public opinion
3

surveys’.

b.1.3 About IV and its Management
i. Awareness of I'W and its Management (From Q.13 to Q.19)

The purpose of this sub-section is to know the level of knowledge people has about
industrial waste and its management, setting 7 question about the term IW, the image
of W, the operation of existing waste disposal facilities, and so on.

ii. Appropriate IW Management and Countermeasures to solve problems
caused by IW (I'rom Q.20 to Q.24)

The aim of this sub-section is to know how much people grasp current problems
caused by industrial wastes and what kinds of countermeasures people think should
be taken to solve these problems.

iii, Waste Minimization (IF'rom Q.25 to ).28)

The That government tries to promote reuse and recycle of W, emphasizing the
importance of wastc minimization. This sub-section asks questions about current
situations of reuse/recycle of IW and the government program in order to know how
much people are aware of alternatives io treatment/disposal of [W, such as recycle
and reuse of wasie, and the government program to reduce the volume of industrial
waste. ’

* The previous survey the team referred most is the public opinion survey on environment awareness
conducted by Institute of developing economies, Japan, in 1994,
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iv.  Cost of Industrial Waste Management and those who bear the cost (From
Q. 29 to Q.30)

This sub-section tries to know how much people agree that the appropriatc IWM ends
up with the increase in price of goods.

v.  Establishment of Industrial Waste Treatment/Disposal Facilities (Q.31 to
Q.33)

This sub-section asks about conditions to agrec with the construction of new IW
disposal facilities in order to know how people think about establishmen{ of waste
treatment/disposal facilities, current govemment policies and its approaches,

b.2 Show Card

For the interview survey, collection of answer lists, called Show Card, was prepared
along with the questionnaire sheet. On the show card, are the lists of answers to each
question, and at the time of interview, each interviewer showed the list of answers to
the interviewee, while reading aloud questions slowly, so that the interviewee could
ponder each question before choosing the most appropriate answer.

In this survey, the request letter issued by DIW was net sent in advance. In stead, the
letter was printed on the first page of the show card, and at the time of interview
survey, each interviewee decided to cooperate with the survey or not after reading the
letter.

c. Sampling
| Sampling Method

Sampling was one of the most crucial parts of the survey procedure. The team aimed
to achieve the interval estimation of 5% with the confidence level of 90%. [t is,
however, a very difficult task with 400 samples because, unlike in Japan, there were
no lists which cover the whole population in the study area. It can be said that 400
samples are the minimum number of samples to achicve the interval estimation of 5%
with the confidence level of 90% by the one-stage random sampling. Usual method
such as 2-stage or 3-stage random sampling method was not appropriate for this
survey.

Due to such difficully, not individuals but households were to be selceted. In
consultation with a statistician of the local subcontractor, ACNielsen, which won the
team’s tender for this survey, the team decided to adopt the 3-stage sampling method,
2-stage random sampling plus proportionate sampling, by using the Population
Profile and detailed residence map which ACNielsen renews every year.

. First Stage: randomly select 56 Primary Sampling Units (PSUs). There are 100
Dwelling Units in each PSU.

. Second Stage: randomly select about 30 Dwelling Units (DUs) from each
selected PSU.

» Third Stage: select the target respondents from each selected DU based on the
population profile, conducted simultaneously with interview survey
(Proportionate Sampling)

3-64



The Study on Master Plan on Industrial Waste Managemont in the Bangkok Metropolitan Area and JICA
s Vieinity in the Kinpdom of Thailand 3.6 Public Opinton Survey

3.6.3

Pathum Thant

i
[Samui Prakarn I

Figure 3-14: Districts where PSUs are located

As mentioned above, it is very difficult to sclect individuals randomly, because there
are no lists such as the residence register in Japan. Thercfore, in this survey
households (IDUs) were the target of vandom sampling. After the second stage
sampling, 1,427 Dwelling Units were selected, including over samples, considering
rejection or absence of interviewees.

The target respondents were selected during the period of the interview survey by
interviewers from randomly selected households (DUs), but the sclection of targets
was strictly controlled by the responsible person of the local subcontractor,
considering the distribution of the population in the study area in terms of sex and age
and income, which are shown in the Population Profile of ACNielsen (Figure 3-16).
During the period of interview survey, each interviewer was given an instruction
about selection of target person from the responsible person according to the progress
of the survey. The interview survey continues until the total number of sample who
accepted interview reached 400,

Execution of the Survey
a. Recruitment of Inferviewers

Twenty interviewers were arranged by ACNielsen from its list of interviewers, A
briefing was arranged to provide an instruction to interviewers.

b, Sample Survey

The interview survey was conducted from July 17, 2001 to August 3, 2001. To
guarantce the quality of survey, the following measures were taken.

. Setting rules for the sample survey.
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3.6.4

If the target person is not at home, interviewers should visit at least three more times
to reach to the person in the arcas of upper income class and at least iwo more times
in other areas.

° Quality Control Measures

The staff of the subcontractor witnesses the interviews regularly, check the progress
of the survey, and so on.

. Control of samples from a statistical point of view

To make sure that the [inal distribution of samples is the same as the distribution of
the population, the progress of the survey is checked time to time,

At the end of the interview survey, the local survey team obtained 410 valid samples,
which show the similar distribution to that of the population in the study area, in
terms of sex, age, and monthly houschold income,

Findings

At first, to evaluate the samples, the team analyzed the result of questions about
interviewees, comparing fo the Population Profile of ACNielsen.

Then, the team conducted the cross sectional analysis of the result of survey by age,
sex, income, and educational background. The result of the cross sectional analysis
showed that the educational background is the most decisive factor in many of the
questions in the questionnaire. In this report, the result of survey was analyzed paying
more attention to the educational factor.

People with higher educational background tend to be more interested in
environmental issues, evaluate the current environmental situations siricter, and be
more critical about government policies and measures. Since the ratio of people who
go on to university is cxpected to confinue to increase and people in general are
expected to be more aware of environment issues in the future, it can be said that the
opinion of the group with bachelor degree or higher can be used to expect future trend
of public opinion about industrial waste and its management.

a. About Interviewees

The number of valid responds was 410. The distribution of respondents in terms of
sex, age as well as monthty household is shown in Table 3-27 and Figure 3-15, while

the distribution of the population in the study area obtained from the Population
Profile 1s shown in Figure 3-16.

Table 3-27: Distripution of Respondents (Sex and Age)

Age Male Female Total
| Sample Share Sample Share Sample Share
1824 | 34 17% 34 16% 68 17%
| 25-29 30 16% 30 14% 60. [  15% |
| 30-39 54 27% 59 29% 113 28% |
40-49 41 20% 46 22% 87 21%
| 50andolder| 44 22% 38 18% 82 20% |
Total 203 207 410 ]
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- Gender;
Male
Fema!e

- Jotal %

- Age:
18-24 years
25_—29 year;é :
30-39 years
. 40-49 years
- 50 and over

Month!y Household lncome
' Upper
" Middle B
Lower . §ii

_ Figure 3-15; Dis_tfibutions of Samples ('Séx, Age and ihcome)

: Genﬂer .
Maler  50%
_ Female: - 50%
1824 1T%
25200 15%
3039 28%
4049 - 21%
50 or older: 20%_ .
Household Income - | ‘Greater Bangkok Samuthsakorn
~ Lower 45% ~ wwe  Lessthan 20,000 baht  Less than 10,000 bait
‘Middle  34% mesb  20000-39,099baht  10,000-24999 baht

* Upper L 20% —p 40,000 baht or more ' 25,000 baht or more
Figure 3-16: Distribution of Population from ACNielsen Media Index 2001

The distribution of respondents by area and educational background are shown in
* Table 3-28 and Table 3-29 respectively. '
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Table 3-28: Distribution of Respondents (2)

Area _NSL;TT?;;S Share
BKK | 235 51% |
PATHUMTHANI | 25 6%
NONTHABURI 50 12%
_SAMUTPRAKAN 70 17%
SAMUTSAKORN 30 7%
''''' ) Total 410 |

Table 3-29: Distribution of Respondents (3)

Educational Background NSu;‘::);;gf Share
Elementary School o 124 30%:
Junior High School B 56 14%
High School B 137 33%
Bachelor Degree or Higher i 83 | 23% |

Total 410

There were a few questions about the life style of interviewees. The result of the
question aboul possessions such as car and eleciric appliances is shown as bellows,
Almost all the households in this survey have TV and refrigerator, and about half the
households have car or motorbike. More than 70% of households who belong to the

upper incotne group have air conditioner.

Table 3-30; List of Possessions

B Total | 00 | Tncome | ncame
Car 49% 85% 55% 27%
Motorbike 45% 39% 53% 42%
™V 29% 99% 98% 99%
Video deck i 75% 90% 85% 60%
Telephone (or Cellular phone)) 79% 100% 82% 68%
Air conditioner 40% 76% 44% 19%
Refrigerator 94% 100% 97% 89%
Washing machine 62% 83% 71% 45%

b. Environment Awareness

b.1 Current Environment Situations

For people in the Bangkok Metropolitan area, pollution issues are not the primary
problem, as shown in Figure 3-17. Due to the economic stagnation after the financial
crisis in 1997 and the penetration of drug to young Thai people in the 1990s,
environment problems became relatively smaller issues in the Thai society, but
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people still keep a great interest in environment issues, as shown in Figure 3-18, Most
of respondents (94%) are interested in environmental issue in some degrec. The
highly educated respondents are relatively more interested in this issuc.

Jotal . Most Serious Problem : Second Serious Problem
: %o ! %

Dirug problems

Economic Stagnation

i

oF recession ;18
Paverty problems o
Unemployment 23 i 3

" :

Pollution problems 20 § 8
Corruption Q 12 EA t

Family problems E 5 ) 1 ‘
Political Instability |+ 1 *

thal PR e e iy

!
1
Bachelor Degree or 5 ;
! !
! i

Higher |H Yes,but a little

High School | i

'ONo :

Junior High Schoo! ; i

iEINo response .
! ;

Elementary School

0% 50% 100%

Figure 3-18: Interest in Environment Issues (Q.2-1)
Figure 3-19 shows that the main sources of information on environment issues arc TV
news and Newspaper. Radio news is popular among older people with lower income

and education whereas newspaper is more common among middle/upper income and
higher educated group.
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Education

: High schao)

i : Junlyr “techmicall Bachislors

s0or ; ! Elemaataryor high vocollona] deqree or

26-29  30-39 4049 more -Uppar  Middle  Lower : school  sehool higher
% . % :

Toial ; Age Household Income :

o
=

o4
o
=
=3

(384) E(as; (58 (1 @9 G2 - g9 g3y QM (09 (51) (132) 92

% % % : % 1% % [ %
TV news ; 100 92 96 9695 95 941 86 95 96 91
Newspaper 60 @ 53 46 Q@ 49 46  ©1 &7
o s 2 2 . n () B E () (@ =
FamitwiErionds §5 tg oz 4 Hg 1.8 4 5 % 4 8 7
MaQazine!Journ'al §‘ 9 3 6 3 0 f 9 § 2 ; 0 0 5 1
Residents’ assoclation §‘ 3 5 2 9 41 2 8 . a 4 2 @
Officlal bulletin {3 ‘s 6 1 3 §i1 4 @ 2 5 !
NGO 2 ‘o o 4 0 3l o2 2§ 2 o 2 2
e b P32z 10 173 2 ol o 0 2 3
Others {1 t2 0 0 1 0!3 o o 0 0 2 [

Figure 3-19: Sources of Information of Environment Issues (Q.2-2)

Regarding environment problems, people living in Bangkok and its surrounding area
mentioned that air pollution and deforestation are the top 2 problems with
significantly higher seriousness level than other problems, as similar to the previous
study “Environmental Awareness in Asia: Cases in Thailand and China” conducted
by Institute of Developing Economies in 1994. Solid waste formed the second group
along with water pollution and flood problems.

Alr
Pollution
%

Solid
Waste Noise Deforestation  Flood
% %

Very Serious {4.0)

Somewhat serious {3.0)

iNot very serlous (2.0}

Not serious at all {1.0)

tean Score @ 210 312 263 327 3.04 285

Figure 3-20: Seriousness of Environment Problems (Q.3)

More than 90% of respondents admitted that environment problems affected their
life, as shown in Figure 3-21, but the ratio of person who answered “Environment
problems causes serious problems” was 39%, lower than the previous study in 1994,

61%. Respondents with higher education tend to feel that environment degradation
causes serious problems,
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Yota| Education
OA', H

“Hlah schegl
dualor lechnlcal! Bacholor's
Elemontary ot hlgh yecalional depres o
& % % % hl’k

a6 29 38

It causes serlous
problems (3.0)

it affects to

48 57 56 48
some dagree (2.0}

1t does not

affect at all ({1.0) @ 4 2
Mean Score 231 . ’ 224 2.14

(410} {124) 55) {137} [f:kd]

Figure 3-21; Effect from Environment Degradation (Q.4)

b.2 Environment Conservation From Economic Point of View

Compared to the result of the study in 1994, which asked the samec question but
presented smaller number of answers ° , the ratio of respondents who chose
“environment conservation is more important” decreased from 59% to 14%, while the
ratio of respondents who chose “both are equally important” and “economic
development is more important” increased from 14% to 47% and from 25% to 38%
respectively. Due to the current economic difficulties, people tend to be more
concerned about cconomic development rather than environment conservation.

Total Education
o ' High aghool
! Elementary  Juniorer technicalf Bachelor's

school b school yecationat school dedireo of higher
% % % %

@ 30 30 22

H
¥
'

Economic development
is more important

Economic development

10 13 7
is somewhat more important s
Economic development is as
Important 2s environment &% 36 4 48
conservation
Environment conservation § s 7 7
Is somewhat more important 5
Environment conservation | 9 7
is more important 9 5

[L30] ’ (324) (55) (137} o3

Figure 3-22: Environment Conservation VS Economic Development (Q.5)

® The number of answers shown in the questionnaire was only 3; (1) economic development is more
important; (2) environment conservation is more important; and (3) both are equally important.
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As for the anirenment Conservation tax, about half of lespondcnté agree on

Environment Conservation tax, The older (40 ot more) seem to dlsagree mote than
other age groups as shown in Flgure 3-23.

Age

R 2 29 R0 4049 Blor mor
% % . . % % %

- Strangly agros (5.0) n 2 . 238

Somewhat agrae (4.0) 32 26 25 23 20,

() (B 2 o1

Neither agree nor disagres (3.0)

Somewhat disagree (2.0)

. 15 S _.'22 g

Strongly disagree (1.0)

344 335 34 310 3.20

Mean Score 325
B (88) 60 {19 ©n°

QL]
Figure 3-23: Opinion on Environment Conservation 'fax (Q.6) -

Almost alI of the respondents (403 samples) save water and energy in some degree,
. and 60% of respondents try to always save water and energy as shown in Figure 3-24

| always try to save
water and energy

Isoi'netimestry fo |,
save waterand [
energy

| do not care about
saving water and i 1%
energy

Figure 3-24: Habit of Saving Water and Energy (Q.7-1)

Figure 3-25 shows that the lower income group saves water and energy mamly
because of economic reason. On the other hand, the well- educated upper income
group takes env1ronment into consideration.
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© Educatlon
tighschoal -
3 [
Elementary mgm yogatlonal  deqarge or

) % % )

Economic reason 56 43 g

Environment concern 7 5 10

;

: Roth for economic
and environment reason

36 @ | _.

(123) {55} (132} {93}

. (403] : 11} (18 (tss)
Base: Ail who always! sometimes try to save water and energy

" Figure 3-25: Reasbns for Saving Water and Energy (Q7-2)

b3 Sources of Pollution and Counterméasures

~ As for the main source of air pollutants, 51% of respondents chose automobile, while
46% of respondents mentioned industries as the main source, shown i in Figuie 3 -26.
Majority of respondents indicated industry and household as main pollutant sources
~ of water pollution and solid waste respectively. Since it is said that the main source of .
 water pollutants is wastewater form household and generation source of solid waste is
© industry, recogmtwn of many respondents is not rlght :

Total

Total

' Automo_bile

Industries Household
. Industries Household ; Industries
Hous_eh'o_ld Agriculture 88 : Livestock 84
Construction 1 . Livestock i" o Agricuiture
. thers ’ - Others 1 . ‘ Others 1
:' fdonot { do not know g2 1donotknow 1
know No response 1 ‘ No response 1
_'Air Pollution _ - - Water Pollution : Solid Waste

Flgure 3-26: Source of Pollut:on (Q. 8)

7 Air pollution in the Bangkok metropolitan area is largely due to exhaust emission from motor
vehicles, while the principal source of water pollution is the inflow of untreated household wastewater.
According to “Overseas Environmental M¢asures of Japanese Companies (Thailand)” published by
Global Environment Forum in March, 1999, it has been calculated that 75% of pollutant in the Chao
Phraya River in terms of BOD loads comes from residential and commercial facilities, while remaining
25% is from industrial wastewater. On the other hand, only 22% of hazardous waste is generated from
households and other business facilities such as gas stations, car cares, and hospitals, while 78% of
hazardous waste are produced from industries (Poliution Control Department, Annual Report 1999},
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Among 7 organizations_inélnding the central and local govcrnnicnt,_news m'cd'ia and
NGOs, the central government and Thai NGO were regarded as the most reliable
organizations in the field of environment issues, shown in Figure 3-27.

News ~ Gontral ~  Logal ~ Residents’ MayoriChief Mopberof  JThal  intemational
Media  Govornment Government Agsoclation of District  Parllament B%Q ﬁ%Q .
_ % % R %% :
Trust (4.0)

Somewhat trust {3.0)

Don't trust much (2.0}
" Gan'ttrust {1.0)

Don't know N B [ 7 ) 10_ S ._ 4 - - A7
‘Norgsponss 9 - 1 2 1 I 4 2 2 3

Mean Score 303 281 200 295 267 T g
" Figure 3-27: Reliability Rating of Organizations (Q.9)

To ‘the -question about obedience of environment régulation, the number of
respondents who replied “Enwronment regulations are observed” and “Environment
regulations are not observed” werc almost the same. However, well- educated group
tend to evaluate that enwronment rcgulatlons are not observed

. f
To.ia! 42 | @ Yes, they are _ i
) _ : observed i
Bachelor D e or I
ache slr hg?fe : 48 B They are somewhat l
9 ; observed !
High School ¥ N DThrey a_re not - l
: : : : observed much |
. : i
Junior High School 4 E E!:’gvegraorssiiizm ” |
L S - " | Ol do not know - !
Etementary Schoot 38 o

0% 50% . 100%
Figure 3-28: Whether _Environ'm._elnt Regulations'are Observed'(Q.‘I 0}

Among the respondents who replied “Env1ronment regulatlons are not observed
much” (173 samples) or “Environment regulations are seldom or never observed” 30
samples), 64% chose “to tighten of control and increase in penalty by the Thai
govemment” as the most effective measures to make regulations observed, as shown
in Figure 3-29. Compared to the previous study in 1994, people tend to think that the
government role to nghten its control on pollution problems, rather than public
awareness of environment issues, is more critical to improve environment.
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The Thai go&re‘rnlmen_t tightens
controf and increase penaity

reople should pay more
attentlon to environmenta! issues

Industrles should take pollutlon comrol
' measures more serlously

Base 2{)3 AI! who thmk that the enwronmental regu1ations are
not observed muchf seldom or never observed

' Figure 3-29: Most Effective Measures to Make Regulatidris Observed (Q.11)

| Regarding the role of the gdvemment to 1mpmve environment (multlple answers up -
to 3), 58% of respondents wanted thc govemment to txghten its control and increase

penalty

) To tlghten |ts control and mcrease penalty- :

To construct more wasie waterlwaste :

treatment facilities

To help mdustries lmprove pollution control
capabllltles

To prom ote envrronment educatio

To prom ote partlmpatlon of local people

Tc estabhsh naw !aws and regulatlons )

B3% -

33%

5 29%

29%

29%

© To open more mformallon and data 22%
To construci reuselrecycle center | 24% .
To have .m ore programs {o dﬁ;glhonpo?oegu; 16%
~ To speed up decentralization  EB5%
| t do not know B3%

No fesponse

Figure 3- 30 Thlngs to Be Done by the Government to !mprove Envnronment

(Q.12)

G IW and I‘W Management

.1 - Awareness of IW and its Management
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More than 80% of respondents have often or sometimes heard IW, as shown in Figure
3-31. In the case of people with Bachelor degree or higher, the ratio was more than

90%.
Total
. .
Bachelor Degree or I 1 often heard
Higher 81 sometimes heard
High School

11 rarely heard

E've never heard

Junior High School

M No response

Elementary School

0% 50% . 100%

Figure 3-31: Awareness of _Industrial Waste (Q.13)

In addition, the image of IW was very negative. This could be attributed to the active
media reports on pollution problems caused by IW. The result of Q. 15, however,

indicates that the level of knowledge on I'W and I'W management was not high, as
shown in Figure 3-33. :

Total

Is hazardous and should be treated carefully

Causes environmental pollution

Is the result of our economic developments

Have no idea 4

Base: All who often/sometimes heard about industrial waste (334 samples)

Figure 3-32: Image About Industrial Waste (Q.14)
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Total

BYas, | know it very
wall

Bachelor Degree or
EHYes | know it a little

Higher

ONo, | do not know it
well

fANo, | have no idea

High School

Junior High School

8 No response

I

Elementary School

0%
Base: All who often/sometimes heard about industrial waste (334 samples)

Figure 3-33: Knowledge About industrial Waste (Q.15)

More than 70% of respondents think that existing IW treatment and disposal facilities
are not operated properly and causc minor or serious environment problems. In
particular, about half of respondents with Bachelor degree or higher think that the
operation of existing ['W trcatment and disposal facilities cause serious environment
problems as shown in Figure 3-34.

o | BThey are noloperated
| propedly and cause minor !
| problems |

i El They are not operated
e Lo
) properly and cause serious |
Higher - i ;Froblems

! B They are operated and

i maintained properly

Total

Bachelor Degree or

High Schaal :
| E10thers

1

1!

41 31 do not know
i

{ BNo response
i

Junior High School

Elementary School

P 1 [

50% 100%

0%

Figure 3-34: Operation of industrial Waste Treatment And Disposal Facilities
-in Bangkok And Vicinity (Q.18)
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Among problems related to IW that were obtained from news media such as TV news
and newspaper, [llepal dumping and problems caused by illegal dumping arc the most
common problems. In addition, the higher educated group is more aware of problems
related to IW in general, as shown in

. Total

A lot of iliegal dumping of IW
Itegal dumping cause pollution
Factories don't treat waste properly

There are not enough W facilities
131%
2 31%

The volume of 1W is increasing

Government doesn't monitor IW facilities

| IW facifities don't treat W well

A lot of disputes about construction of IW facilities
' Others

[ do not know

No response
Muiltiple Answers (to select all answers that respondents know)

Table 3-31.

Figure 3-35: Industrial Waste Problem Known from Media (Q.19)

Table 3-31: industrial Waste Problem Known from Med_ia

A lot of lllegal dumping of IW 47% 45% 47% 62%
lllegal dumping cause pollution 35% 50% 50% 58%
Factories don't treat waste properly 36% 38% 43% 41%
There are not enough 1W facilities 24% 29% 34% 41%
The volume of IW is increasing 23% 38% 33% 37%
f(;g;:gsment doesn't monitor W 26% 20% 28% 43%
IW facilities don't treat 1W well 19% 20% 22% 25%
gflﬁlt‘\f o;‘ailiizg;es aboul canstruction 15% 1% 249, 28%
Others 0% 0% 1% 0%
| do not know 12% 0% 4% 0%
No response 1% 0% . 0% 0%
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e2  Appropriate Management and countermeasures to selve problems caused
by IW

Illegal dumping of IW is regarded as a cause of pollution, as shown in Figure 3-36. In
particular, the younger genecration and higher educated person felt that it caused
serious problems.

Total ‘_ Age ¢ Household Income Education
o : i : igh school
: . . Junier ltechnicall Bachelos's
Sopr | i Elementary o blah yocatloaal degited ot

4824 357 B B4 moo lwewr Hiidle Lewe
:'I- % % % % % % %

7T (REY (B8Y 72 80 | 8y 78
a(DE® = » @ ®

% % % %

EN ae

it cause serious
problems

fe 12 40 . 1310 10 .@ i3 8 11
14 @ H i

Itdoesnot% %0 8 1 0 4 50 1 2 1 2 1 0
affect at all:

410 Etésl (60} (M3 (87 82) : (84) (139 (mﬁ)g (124} (55} (1an 33)

Figure 3-36: Effect of lllegal Dumping to Environment (Q.20)

Among those who admitted that illegal dumping of IW affected environment (402
samples), about 70% of respondents think that the government should tighten its
control and increase penalty to prevent illegal dumping,

Totat Most Effective Second Effective

Tighten its control and increase
penalty by the government

Construct more waste
treatment/ disposat facilities

Organize a monitoring
group by local people

Promote environment education

Encourage industries to
reduce the volume of waste

i

(402) (402) (492)

Figure 3-37: Solution to Ilegal Dumping of Industrial Waste (Q.21)
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More than 60% of respondents agree that it is urgent issucs to construct new TW
trcatment/disposal facilities in Thatland, High-educated group tend to agree with
construction plan of new facilities conditionally.

Total "Wt is urgent to consiruct facilities

Bachelor Degree or Blltis necessary, but government

Higher should modify policies before
O Not enough faci'li!ies, but
High School promotion of reuse/recycle

should be done before
& Enough facilities and no need lo

conslruc

Junior High Schoo! B do no know

Elementary School § EINo response

[

0% 50%

Figuré 3-38: Opinion about Construction of New Industrial Waste
Treatment/Disposal Facilities (Q.22)

Among those who agreed with the necessity of new facilities conditionally (89
samples), about half the group requires the government to tighten its control on illegal
dumping (multiple answers up to 3). To reveal the plan is the second largest number
of opinion. :

Tighten its control of
Hiegal dumping

Promote snvironment aducation

Open and explain
its long and short
term plans to the public

Support industrial waste
treatment/disposal facilitles
to improve thair capabilities

Tlghten its centrol, such as
monitoring and Inspection,
to guarantee an appropriate
oparation and maintgnance

Promote the reduction of
waste generation by [mproving
production process

Guarantea that the environment
impact assessment survey is
carried out thoroughly

Guarantee the participation
of local people In the
planning process

Encourage W trealment/disposal

facilities to conclude an agreemant

with tocal peaple in ordar to guarantes an
appropriate oparation and maintenance

Promote the reduction of
industrial waste discharged
from factories by reusc/
recycle of waste

Base: All who answer necessary to construct new facilities, but should modify current policies and measures before construct niew facllities (89)

Figure 3-39: Policies Should Be issued before Approval of New Facility
Construction (Q.23)
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A lot of cases in which local people arc against the construction plan of IW or
municipal waste treatment/disposal facilities are reported in the news media. There
were not any dominant opinions as a rcason for these disputes (multiple answers up to
3).

Locat prople cannel pariiclpate

Laocal peopte are worrlad about pollution by In planning process

leakage of toxlc substances form facilities
’ Procadurs of project I8 not appropriate, and
environment Impact assessment survey

: {8 not carrlad out propar|
Government pollcies are not clear properly

Local people are worrled that facllities could
lower the value of thelr real astate

Local people don't bolleve that the

The planning Itself Is Incomplete from %10
government cant monkor facliitles properly B technical point of view
7

Local people are seeking
higher compensation
Planning process is distortad by corruption §

4

n

I de not know g

Government cannot persuade local pecople §
the importance or indisponsability of facilities

i
¥No response [ 1

Figure 3-40: Reasons for Disputes over Construction Plan of Industrial Waste
Treatment/Disposal Facility (Q.24)

c.3 Waste Minimization

Waste minimization by reuse or recycle of IW was commonly heard. In particular, the
group with higher educational background have more often heard of it, as shown in
Figure 3-41,

Total i e e e
{E1 often heard

|

Bachelor Degree or ; . '
'] sometimes head

Higher
High School ‘[ rarely heard
EI:] I've never heard
Junior High School :

!
{® No response

' Elementary School

Figure 3-41: Awareness of Measures to Reduce The Volume of Industrial
Waste from Factories {Q.25)
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Among waste minimization measures, reuse of IW is the most well known measure.
70% of those who often/sometime heard aboul measures 1o reduce the volume of IW
generated in factories (352 samples) knew reuse of TW,

Reuse of waste
. Recycle of waste

Improvement of production process to reduce
waste generation

: -(352)

Base: All who often/sometime heard about measures to reduce the volume of industrial waste
generated in factories

Figure 3-42; Measures Known (Q.26)

About 60% of respondents have heard the government | program to promote
reuse/recycle of IW. Most of them got to know the program through TV news, radio
News or newspaper.

Total Total
% Source of Informaticn %
Often {4.0) E‘ 1 TV news, radio news, or

newspaper

Sometimes (3.0}

il

Official bulletin E 18
E .4

Rarely {(2.0) 218 Family/Friends

Never (1.0)

% Internet 2
20 .

Othars 2

Mean Score 2 52
Basa: All who eftenfsometimes heard about government
pregrams to promote industrial waste minimizatlon

Base: All respondant {410

Figure 3-43 Awareness of Government Programs to Promote Industrial Waste
Minimization (Q.27 and Q.28)
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¢.4  Cost of Industrial Waste Management and those who bear the cost

Even though, respondents expressed their concern about illegal dumping of W,
majority of them agree to some degree that industry pay enough attentions and bear
the enough cost to treat /dispose of TW.

Total Strongly agree |
B Somewhat agree
Bachelor Degree or
Higher O Neither agree nor
disagree
ESomewhal disagree
High Schaol 129
B Strongly disagree
Junior High School @Can't choose
B Mo respanse
Elernantary School i

0% 50% 100%

Figure 3-44: Agree-Disagree Rating on “Industry Pays Enough Attentions And
Bear Enough Cost to Treat/Dispose of Industrial Waste” (Q.29)

Only half of respondents accepted that appropriated management of industrial wastes
ended up with the increase in the product price. The willingness level is significantly
high among higher educated group.

Total | HVeywiing |
|
" - |
Bachelor Degree or B Fairly willing ;
Higher i
. Bieither wiling or |
) — unwilling
High School E

BFaidy unwiling
Junior High School i OiVery unwiting

ECan't choose !

Elementary School §

0% 50% 100%

Figure 3-45: Willingness to Pay Higher if Waste Management Causes Higher
Product Price (Q.30}

c¢.5  Establishment of Industrial Waste Treatment/}isposal Facilities

To the question about conditions which respendent want to set in order to accept the
construction plan of I'W or municipal waste treatment/disposal facilities in their
district (multiple answers, select all that respondents agree with), participation in the
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planning process and careful site-selection were chosen as the most important
conditions.

Total
%

The Thal government conduct
monitorlng and inspections of
facliities properly

We can participate in the planning
process

Fa.clories angd business establishments

The | lon of facilities Is decided,
e location o take further effort to reduce waste

regarding human health and
conservation of nature

The Thai'governmant constructs puhllé
facilities such as a park, sport

* The Thal government promotes
g p facilities or community center

usefrecycle of waste and
improvemant of production process

to reduce the volume of waste The Thal government compensates

those who live near the facilities

The environment impact assessment

survey is thoroughly carried out L won't agree with any plans to

construct facilities in my neighbor

The third party, Including local people,

Facilities take all necessary measuies
can conduct additional monitoring

to prevent {eakage and emission of
toxic substances from facilities

| do not know [ ’

2

No response

Figure 3-46: Conditions Set to Agree if The Government Plans to Construct
Industrial Waste Treatment/Disposal Facilities (Q.31)

Constructing reuse/recycle center was regarded as a good policy (Figure 3-47). About
20% of respondents (74 samples) require the government to modify cutrent policies
and measures such as enforcement of monitoring and inspections of facilities and
revelation of all necessary information and data to public, promote the construction of
reuse/recycle center, as shown in Figure 3-48.
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Total
%

it is good to construct to promote waste minimization
| eannot abcept any reusefrecycle centers in my region

It is necessary, but the %overnme t should mo_di&; current policies
and measures, before considering the construclion

1 do not know

Mo response

Figure 3-47: Opinion about Constructing Reuse/RecyCle Center in Your
District (Q.32)

. Total

The Thai government conduct monitoring and
inspections of facilities preparly and gives
guidance

Tha cenler pays enough altention {o prevent iraffic
prablems caused by lrucks that ranspart industsa
wasta

Tha Thai govemment reveal all necessary

informafion and data to public ‘Tha Thai govemment provides special programs o

.
’
'
!
H
1
1
H
s
H
)
:
I

H promote local economy
Tna Thai govarnment canstructs public faciities H
such as a park, sport faciikies or communily !
cenler '
1
'
s
.
)
t
?

\We can parlicipate in the planning piecess

The cenler lakes all the necessary measures such
as waste waler trealment and noise prevention %
measures

b worr't agree with any plans to construd reuselrecycle &
center in my neighbor 7

Base, Allwho answer necessary to construcl new facilities, bul the governmen! shouk modify curent policies and measures, belore considering the
construclion of center (74}

Figure 3-48: Conditions Set to Agree With The Construction Plan of Recycle
Center (Q.33)
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Technical System on IWM

Present IW Generation

Previous Studies

a. Nop-Hazardous wastes

In Thailand, Non-HW was firstly defined in the MOI Notification No.l B.E.2541
(1998) and waste generation surveys have been conducted singe then.

a.l Bangpoo Industrial Estate (Studied in September 1998)

Bangpoo Industrial Estate in Samut Prakarn province is the first industrial estate
developed by IEAT. It is located 34 km southeast of Bangkok. [EAT is constructmg
an incineration plant of non-HW in this estate. In this project NE DO

semi-governmental organization in Japan, provided a fluidized bed type mcmerator
with the capacity of 100 t/d. The feasibility study (F/S) report gives the amount and
characteristics of wastes collected inside the estate. The estate’s total area covers
5551 rai (888 hectares) divided into three development phases. At the time of F/S
survey, 271 factories were existed, of which 263 factories were under operation.

The sampling survey of wastes was undertaken during 16-29 September,1998 at the
temporal dump site.

The result is shown in Table 4-1 and Table 4-2. Average amount of collected
non-HW is 61.18 ton/day. The examination of physical content of 24 samples of
industrial wastes of Bangpoo Industrial Estate shows the high content of combustible
wastes, raging from 67.38 to 97.02% by wet weight. The main components of waste
are comprised of 22.71% as plastic and foam, 22.07% as textile, 16.21% as paper and
12.06% as steel and other metal. Bulk density is 0.185 kg/l in average. The moisture
content is as low as 32%. There is little amount of kitchen parbage that decreases the
calorific value of wastes, and the average lower calorific value is 3,380 keal/kg.

Table 4-1: Estimated Collected Waste Volume in Bangpoo Industrial Estate

(Sep.1998)
Estimated Collected Wasle Volume in Bangpoo Industrial Estate
Mon Tue Wed Thu Fri Sat

BSA 70.0 70.0 70.0 74.0 70.0 70.0
PSA 136.0 176.0 88.0 136.0 96.0 80.0
CPL 67.8 112.8 59.1 54.6 72.4 314
PISSC & PO 250 25.0 25.0 25.0 250 25.0
Bangpoo Region
PISSC & PO 55.0 55.0 55.0 55.0 55.0 55.0
Preaksa Region

Totallday (m3}) 353.8 438.8 297.1 344.6 318.4 231.4
Averagefday (m3) 330.68

' NEDO: New Energy and Industrial Techinology Development Organization in Japan
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Average Density {.185
| (kgfl) for 24 samples
Average (ton/day) §1.18

Table 4-2: Characteristics of Waste in Bangpoo Industrial Estate (Sep.1998)

Min. | Max. | Average

1) Physical Composition (% by wet weight) I

' Paper 3.16/ 27.16]  16.21
Textile . 2,19 56.020 22.07
Plastic Foam 3.09| 53.77 22.71
Wood, Leaves _ . 0.00; 17.51 2.49
Kitchen garbage 0.00( 44.64 8.96
Bone and Shell 0.00] 0.00 0.00]
Leather, Rubber 0.0038.02) 6.2
Steel and Other Metal 1.28| 32.862 12.06
Glass o ~1_0.00| 10.87 1.66

| Stone, Ceramic -0.00] 5,28 0.58
Others 0.00} 20.19 6.50
Combustible 67.38] 97.02 8477
Incombustible 2.98| 32.62 15.23]
Total 100.00
Density (kg./L) ' 0.12[ 0.22 0.19

) Chemical Composition (% by wet weight )

Moisture Content 8.72{ 53.61 31.98
Total Solids 46.39] 91.28 68.01

| Total Solids of combustible 37.57| 89.04 63.41
Total Solid of incombustible 0.21} 14.83 460

3} Combustible waste (% by wet weight)

__ Ash 5.42| 14.66 9.19
Volatile solid 29.53) 82.43  54.23
Carbon including Org C 16.40] 45.80 31.12
OrgC 13.121 42.13 27.99

| Hydrogen (H) 1.971 5.50 3.61
Nitrogen (N} 0.33] 205 1.16
Phosphorus (P) 0.05 2.53 0.47]
Potassium (K) 0.10] 1.36 0.43
Sulphur (8) 0.03 0.49 0.14
Chlorine (Cl) 0.06] 1.97 0.68

ﬂﬁ_eat Value in average ( kcal/kg)

DSCV 5,946.17
HSCV 3,757.50
[.SCV 3,380.17
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a2  Bangplee Industrial Estate (Studied in Septcmber 1998)

In Bangplee Industrial Estate in Samut Prakarn province, the similar study was
conducted during 16-29 September, 1998. The results are shown in Table 4-3 and
Table 4-4. Average of non-HW is 32.09 ton/day and is about half the amount of
Bangpoo case. The 24 samples of industrial wastes of Bangplec [ndustrial Estate
appeared to have high content of combustible wastes as in the case of Bangpoo. It is
96.05% in average by wet weight. The main components of wastes comprised textile
(41%), plastic and foam (19 %), paper (20%), and leather and rubber (10%).

The rate of iron scrap is only 3 %. Generally, the recycling rate of iron scrap is high.
The waste is sampled on the way to final disposal site from the factories, This means
that the recyclable wastes were already removed from these sampled wastes. Waste
density is 0.167 kg/l in average and the average lower calorific value is 3,972 keal/kg.

Table 4-3: Estimated Collected Waste Volume in Bangplee Industrial Estate
(September 1998)

Estimated Collected Waste Volume in Bangplee Industrial Estate
Mon Tue Wed Thu Fri Sat
BSA 136.0 136.0 136.0 136.0 136.0 136.0
CPL - 4.9 - - 8.1 —
PISSC & PO 25.0 25.0 25.0 25.0 250 25.0
Total/day (m3} 190.0 194.9 190.0 190.0 188.1 190.0
Average/day(m3) 192.17
Average Density 0.167
{kgfl) for 24 samples L
Average ton/day(t/d) 32.09

Table 4-4: Characteristics of Waste in Bangplee Industrial Estate (Sep.1998)

Min. | Max. |Average

El) Physical Composition (% by wet weight ) i
Paper 6.26| 68.01 19.69
Textile 0.000 88.29) 40.88

| Plastic Foam 2.37| 73.00] 19.24
] Wood, Leaves 0.00{ 13.07 0.71
Kitchen garbage 0.00; 6.71 0.62;

I Bone and Shell 0.00; 0.00 0.00
Leather, Rubber 0.00; 56.94 9.99

Steel and Other Metal 0.00] 17.24 2.92]

Glass 0.00| 6.90 0.67,
Stone, Ceramic 0.00f 863 0.354

! Others 000! 3085 4,92
i Combustible 79.311 100.000 96.05
i Incombustible 0.00; 41.72 3.95
] Total 100.00
Density (kg./L} 0.114] 0.214 0.167

4-3



The Sttty on Master Plan on Industrial Waste Management in the Bangkok Metvopolitan Area and JICA

its Vicinity in the Kingdom of Thailand

4.1 Present IW Generation

2) Chemical Composition (% by wet weight )
Moisture Content 2.84 4005 19.08
Total Solids 50.95 97.16]  80.02
Total Solids of combustible 40.47| 57.16) 78.90
Total Sofid of un-combustible 0.000 10.48 1.1

3) Combustible waste (% by wet weight)
Ash B . 6.30] 2231 11.58
Volatile solid 34.17| 86.564] 67.33
Carbon including Org C 18.98| 48.08) 37.40
OrgC L 16.33| 45.67 35.72
Hydrogen (H)_ 228 577 449
Nitrogen (N) 0.28] 3.48 1.73
Phosphorus (P) 0.03 082 0186
Potassium (K) 0.0 092  0.30
Sulphur (S) 7 0.03 0.21 0.10
Chlorine (Cl} : B 0.06 2.09 0.6

) Heat Value in average ( keal/kg)
DSCV B 5,519.64
HSCV 4,354.54
LSCvV 3,972.92

c. [.adkrabang Industrial Estate (Studied in December 1998)

Japan Consulting Institute (JCI) had conducted the survey named “Feasibility Study
on Ladkrabang Industrial Estate Industrial Waste Management Project in Thailand™.
The report was submitted in March 1999, In this survey, the factories survey was
carried out for 106 factories in Ladkrabang Industrial Estate under TEAT., This
industrial estate is located in Ladkrabang district, Bangkok and it is about 40 ki
away from central Bangkok.

Table 4-5 shows the summary of the survey conducted on 18 December 1998 in
terms of amount and type of wastes. Unlike the municipal wastes, the composition of
industrial wastes fluctuates very much depending on the types and process of
industries. In the case of Ladkrabang Industrial Estate, many industries are mixed and
it has many variefies of industrial wastes.

Part of waste is sold to the out of factories for the purpose of recycling, and the rate of
selling and recycling of wastes can be regarded as the recycling rate. The right end
column is the recycling rate The recycling rate of waste plastics, wastepaper, waste
textile, iron scrap and waste stone are 52%, 66%, 50%, 99% and almost 100%
respectively. It is inferred that the recycling of the industrial wastes is widely put into
practice, But all the sludge that is classified in both Non-HWs and HWs goes to final
dispose site.
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Table 4-5: Investigation result of waste in Ladkrabang Industrial Estate

Sale or Treaément T Rate of Sale
Recycle . otal or Recycle
Type of Wastes (A) Dii?c?slal {B) (AY(B) X100
(Kg/day) (Kgday) %
(Kg/day}
Solid Combustible ; Plastic 1,138.8 1,051.0 2,189.8 52.0
Waste Waste Papers 1,874.1 1,027.3 3,001.4 65.8
Woods 444.8 78.5 523.3 85.0
Leathers 0.0 259.0 269.0 0
Rubber 10.5 80.5 | 91.0 11.56
Cloth 555.0 551.0 1,101.0 50.4
Garbage 117.0 14,568.8 14,682.8 0.8
Others 0.0 18.2 18.2 0
{Paint)

Sub-Total 4,235.2 17,361.3 21,865.5 19.4
Incombustible | Ferrous Metal 5.844.7 328 5877.5 99.4
Waste Metal 113.3 6,116.0 6,229.3 18
Glass 1.7 28 4.5 37.8
Sand 1,200.0 0.1 1,200.1 99.9
Others 0.3 0.0 0.3 100.0
Sub-Total 7,.160.0 6,151.7 13,317.7 53.8

Sub-Total 11,395.2 | 23,783.0 35,178.2 324
 Uiquid | Waste ofl 1431 923 6 1,066.7 13.4
Waste Waste alkaline | Combustible 1,600.0 12,119.0 13,719.0 11.7
Incombustible 0.0 2,000.0 2,000.0 0
Waste acid Combustible 1,000.0 16.9 1,016.9 98.3
Incombustible _Q.O 1,129.4 11,1294 0
Liquid waste Sub-total 27314 16,188.9 18,923.0 14.4
Sludge | Factory Sludge 0.0 25,686.3 25,686.3 0
Wastewater Treatment Sludge 0.0 6,185.0 6,185.0 0
Sludge Total 0.0 31,871.3 31,8713 0
Total Combustible Wastes 6.078.3 62,562.1 69,540.4 111
Incombustible Waste 7,160.0 9,281 1 16,441.1 43.5

Grand Total 14,1381 | 71,843.2 85,981.5 16.4

b. Hazardous waste

Since 1984, several organizations, institutes and local consultants conducted surveys
regarding the generation of HW. The large values were predicted in the surveys
conducted in the beginning of 1990s. For example, faculty of Engineering of Kasetart
University predicted 12 million tons generation of HW in 2001. However the
predicted amount of HW generation has been decreasing recently. DIW estimated
that it is approximately 1.2 million tons in 2000 nationwide. The major surveys are
introduced below.

b.1

4.5

Study by Thailand Development and Research Institute (TDRI, 1991)
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n 1991, TDRI estimated the generation of HW in Thailand., The estimated annual
generation valuc was about 1.1 million tons in 1986 and predicted that it would
increase in about three times (about 3.4 million tons/year) in 1996.

Table 4-6: The generation of HW in Thailand nationwide (TDRI)

Quantity (tons/year)
Type of Hazardous Wastes 1986 1991 19496
Estimation Prediction Prediction
Heavy Metal Sludge & Solids 823,869 1,447,590 2,536,030
Oils 124,194 219,467 387,893
Acid Wastes 81,054 125,428 186,510
Infectious Wastes 46,674 76,078 123,219
Solvents 18,783 36,163 66,532
Alkaline Wastes 21,952 34,235 54,024
Inorganic Sludge & Solids 11,698 19,254 32,043
Photographic Wastes 8,820 16,348 30,398
Organic Sludge & Solids 3,737 6674 11,951
Liquid Organic Residue 187 3 522
Aqueous Organic Residue 116 242 499
Off Spec Products 12 25 52
Total 1,142,096 1,881,815 3,439,673
Source: TDRI, 1891

bh.2 Study by Faculty of Engineering, Kasetsart University (1992)

Faculty of Engineering of Kasetsart University has conducted a risk assessment
survey of HWs around the Bangkok Metropolitan Area and its vicinal 10 provinces in
1992. According to this survey, the generation of HWs from the surveyed area was
2.8 million tons/year. They predicted that it would increase to 12 million tons/year in
2001. From Kasetsart University survey data, JICA study team picked up the data of
Bangkok Metropolitan Area and its vicinal 4 provinces that are the study area of the
present study and summarized in Table 4-7.

Table 4-7: The Generation of HWs in Metropolitan Area and its vicinal 4
provinces (Kasetsaii University)

Quantity (1,000/year)

Type of Hazardous Wastes 1992 2001
Estimation Frediction

Oils 167.51 660.54
Liquid Organic Residues 0.08 0.35
Organic Sludge & Solids 63.70 274.08
Inorganic Sludge & Solids 26.82 101.54
Heavy Metal Siudge & Solids 2,190.38 9,232.96
Solvents 39.2 199.25
Acid Wastes 150.09 44525
Alkaline Wastes 67.28 127.55
Off-Spec Products
PCB 0.01 0.03
Agueous Organic 6.30 1.81
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Photo Wastes : 1.34 8.15
Total 2,706.71. 11,061.51

Souce: Kasetsart University, "The Survey, Study and Design of Environmentat Research and
Development Center In Ratchaburi, 1992"

b3 DIW (2001)

A staff of DIW reported that approximately 1.2 million tons of HW was generated in
2000 throughout the country. Table 4-8 shows its breakdown. About 90% of HWs
were discharged in 14 provinces including Bangkok Metropolitan Area and its
Vicinity and surrounding area.

Table 4-8: Amount of HWSs in 2000 in Thailand (DIW, 2001)

Type of HW Amount Generation Amount
Zone
(tonsfyear) (tons/year)
Heavy Metal Sludge & 840,570 Bangkok & 448,701
] Organic Solid Vicinity
Acid or Alkali contaminated 124,598 Central 470,999
with heavy metal & non
organic liquid _
Oit sludge 186,848 East 227,260
Organic siudge & Waste 92,691 Northeast 38,426
Total 1,244,607 North 12,626
South 34,628
Total 1,244 607

Souce; DIW & JICA Seminar Presentation, July 24,2001

b.4 Other Studies

In cooperation with Envitech Consultant Co., Ltd, Environment Technologic Co.,
Ltd. has conducted to estimate the generation of IIWs of Bangkok Metropolitan Arca
and the industry-concentrated six provinces. In 1996, 15,312 factories discharged
HWs. The discharged value was about 2.6 million tons/year. Only about 400
thousand tons out of 2.6 million tons were treated in the treatment plants.

Consultant of Technology Co., Ltd. studied the preliminary design for Chonburi
Environmental Research and Development Center. In this study, they conducted a
industrial wastes generation survey in Samut Prakam province and Eastern Seaboard
Area. According to this study, the generation of HWs from Samut Prakarn province
was about one hundred seventy thousand tons/year.

DIW conducted “Preparation of Register on Hazardous Waste Generation & GIS
Application for the Province Samut Prakarn” with the support of GTZ of Germany. In
this survey, CMS Engineering and Management Co., Ltd, a subconiractor, found that
the monthly generation of HWs from Samut Prakarn province is 8.8 thousand tons.
Table 4-9 shows the breakdown of HWs.
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Table 4-9: HWs from industrial sector of Samut Prakarn province

Type of Hazardous Wastes Quantity (tons/month)
Organic and Inorganic Aclds 166
Alkalis T 38 |
Heavy Metal Compounds 558
Liguid Inorganic Compounds 3
Solid Inorganic Compounds | 350
Organic Compound? 160
Polymer Material 210
Fuel, Oil and Grease 1,066

| Fine Chemicals and Biocides 4
Pickiing Wastes 127
Fitered Material, Treatment 1.247
Sludge
Cther Toxic Substances 4,878
i.e. Chemical Dust, Enamel
Coat, Paint Pigment etc.

Total 8,807

Table 4-10 compares the results of the previous studies and JICA Study in terms of
the amount of industrial wastes.

Table 4-10: The Comparison with previous studies and JICA Study

Non-hazardous Waste
Organization Area Year Amouni Status
NEDO Banpoo Industrial Estate Sep-99 |62 tons/day | Estimation based
onTS
NEDO Banplee industrial Estate Sep-98 | 31tons/day | Estimation based
on TS
JCI Ladkrabang Industrial Estate | Dec-98 | 85 fons/day | Estimation based
on FS
JICA BKK, SP, NT, PT, 88 2001 2,364,782 Estimation based
tons/year on FS
Hazardous Waste
| Organization Area Year Amount Status
Consuitant of SP 1990 | Appx. 170,000 | N/A
Technology tonsfyear
TDRI Nationwide 1996 1 3,439,673 tonslyear Predicted in
1991
Environment BKK & | 1936 | 2.6 Million tons/year N/A
Technologic & Industriatized
Envitech Consuitant | B provinces,
GTZ SP 1999 | Appx. 100,000 | Estimation
tonsfyear : based on FS
Kasetsart University | BKK, SP, NT, | 2001 11,061,510 ionsfyear Predicted in
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PT, SS B 1992
DIW - Nationwide 2000 | 1,244,607 tons/iyear | Reported in 2001
JICA BKK, 8P, NT, | 2001 | 557,456 tons/year Estimation
PT, 88 based on FS

41.2

Note, BKK; Bangkok, 5P, Samut Prakarn,NT; Nanthaburi, $8; Samut Sarkorn, PT: Pathurn
Thani, F8; Factory Survey, TS; Transportation Survey

Present W Generation

a.

Classification of IW and Industry

Prior fo the factory survey DIW and the team set up the classification of [W and
industry as described in the Section 3.1. The present IW generation is made based on
this classification. It is summarized below.

IW is divided into non-HW and HW in accordance with the MOI Notification
No. 6 (1997) and No. 1 (1998).

Non-HW is further divided into 14 calggories based on the MOI Notification

. No. 1 (1998).

b.

HW is classified into 12 catepories same as in the GTZ HW Study.

Since target waste of the study is IW that generates at factories regulated by
the Factory Act, the MOI categories and code of industry is applied to the
study.

In order to identify the current IWM of every category of {actories, the team
simplified the MOI 104 codes of factories to make 33 codes. The 33 codes of
factory are applied to the study.

Estimation Method

For the estimation of current [W gencration the Standard Unit Method (SUM), which
requires the following indicators, is applied:

1.
2.

Generation rate of each category of IW of 33 each category of industrics; and

Activity index represented by, for example, the number of employees or
product shipment. To this study the former is applied because the team
considered that it should be easier to get answers about the number of
employees than product shipment.

IW generation is estimated with the equation A. It uses each IW generation rate of
each industrial category per employee, which is calculated based on the data of
factory survey as shown in the equation B.

Eguation A: IWG;; = Gy x M
J Waste of category j among 26 waste categories (26 =
14 non-HW categories 1 12 HW categories).
i Industry of Code i among 33 categories.
IWG Generation amount of waste j from industry / in the
study area (tonfyear)
M; Number of employees (used as activity index) of

industry 7 in the study area
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G; Gerieration rate ot waste j from industry I per employee
(ton/employee/ycar)
IW generation rate, G, can be calculated using the total amount of IW both of each

industrial category and the each iype of IW, and the sum of employees (activity
index) of each industry obtained from the factory survey, shown in the equation B.

Equation B: qu =GAF ij /l\’ll
GAF Total amount of waste j from sample factories of
industry i (ton/year)
M; Total number of employees (used as activity index) of
sample factories of industry i (employee)
c. Number of Factories and Fmployees

Numbers of factories and employees used for the estimation of present IW generation
are 33,092 factories and 1,584,782 employees as mentioned in the section 3.1.3. The
table below presents number of factories and employees used for the estimation of
each of 33 industrial codes.

Table 4-11: Number of Factories and Employees used for Estimation of
Present IW Generation

thcl:z;y Descriptions Number of Percentage to Number of Percentage to
Factories Total (%) employees Total (%)
Code
GOl Z:zg“(caﬂ;]:;rilt (S}rc.lduct, nen-aquatic animals, 982 20 92,554 58
Go2 Foed (ftour, sugar, tea, ice etc.} 1,083 3.3 34,685 1.9
GO3 Drink, Beverage 110 0.3 17,448 11
Go4 Textile, Thread, Fibre 1,110 34 143,267 9.1
GO05 Texile product (Clothes, mats etc.} 959 29 58,807 3.7
G05 | Wearing Apparel 2,115 6.4 189,939 2.0
GO7 Hide, Fur, Footwear 879 27 84,105 4.0
G08 Woodwork (any of many items) 1,028 3.1 25,230 1.6
G09 Woodwork (bamboo, rattan, straw, cork etc.} 378 1.4 15,283 1.¢
G10 Furniture 957 29 20,779 1.9
G11 Paper, Cardboard T 689 21 26679 1.7
_Gi2 Printed matter 1,6¢6 51 34,049 21
313 Chemical matter, Pelroleum 1,13t 34 58,642 3.7
Gl14 Rubber 504 1.5 35,823 2.3
G15 Plastic product 2,957 8.9 98,596 6.2
G186 Glassware, Geramics, non-Metallic Mater 738 22 41,1868 28
G17 i{;:git:::w industries, non-ferrous melal basic Ga2 21 29,249 18
R o
G19 Metal product {construction, installation) 1,000 3.0 18,518 .2
G20 Metal product (others) 5,051 15.4 94,039 50
G21 Machines (Engines, Turhines, Machinery) 761 25 14,406 09
G22 gﬂrg;l:az)s (for  producing mefal or wood 335 10 6.584 04
G23 Machines {for paper, chemical, food, textile elc ) 291 0.9 5,204 0.3
Machines (calculaling machines, Accounting
G24 maciines, Waler pumps, air or gas compressors 642 1.8 56,926 36
elc)
Eieclric product (Machines or Product under
G25 No.70, Radio se&l, Eleclric insbhuments or 925 28 120,045 76
apphances elc)
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(26 Elactic product {Etectric Equipment) 381 1.2 24,898 1.6
G27 Transportatian machlnes {Ship,  Trains, 1,108 33 54,702 as
Streetcars, Cars of Trailers) L
Transportation machines (Motorcycies, Tricycles, 300 o
Al 7
628 Bicycles, Alicraft, Wheelad vehicles elc.) 26,821 !
Gzo Precision machinary 664 2. 58,164 37
G0 Others {Musfcal instruments, Spor, Toys efc.) ~ 446 1.3 44,816 2.6
G Others (Electrlc power, Gas, Packaging, Cold a7 1.4 24,314 15
slorage efc.) .
G2 Others  (Engine-driven  for  vehicles or 1,890 57 24.278 15
molorcycles ete
Others {Stone, Watches or Clocks, Central
G33 waste trealment plant, Generating steam, sall 352 1.1 9,825 0.6
alc.)
Tatal - 33,0892 100.0 1,584,782 100.0
d. Estimation of Present IW Generation

Based on the generation data of the 206 factories, generation rates (GRs)
(ton/employee/year) of each study code of industry and each code of non-HW/HW
are calculated, which are presented in Section 10.2.2. Generation amount is simply
calculated by multiplying GR by number of employees. Annual generation amounts
of non-HW and HW are estimated at about 2,363 thousand ton and 557 thousand ton
respectively. The tables below present I'W generation of each code of industries,
non-lHW generation of each non-HW category and HW generation of each HW
category.

Table 4-12: IW Generation in accordance with Study Code of industries

Factory L Non-HW HW Total
Study Descriptions ({ton/year) {ton/year) ({tonfyear}
Code

Goi Food _(agri_cullural produst, non-aguatic animals, 295,016 9 285,024
aquatic animals elc.)
Go2 Food {flour, sugar, tea, ice elc.} 11,881 1,218 13,009
G032 | Drink, Beverage 47,208 30,079 77,287
GD4 Textile, Thread, Fibre 64,299 1,562 65,8681
i Gos Textile produc! (Clothes, mats eic ) 53,513 153 53,666
GOB6 Wearing Apparel 54,835 19 54,854
GO7 Hide, Fur, Footwear 42,163 243 42,406
Goa Woodwork {any or many items) 143,705 2.264 145,969
G0g Woodwork {(bamboo, rattan, straw, cork elc.) 61,848 48 61,986
Gi0 Furnilure 159,222 5,820 165,042
G Paper. Cardboard . 48,735 221 48,962
Gi2 Printed matler - 36,232 9,156 45,388
G113 Chemical matter, Petroleum 5,107 45,395 50,502
G4 Rubber 44,213 1,357 45,570
G15 Plashic product 93,787 43,559 137,346
G16 Glassware, Ceramics, non-Metallic Matter 105,949 284 105,233
Gi7 isnt::;lr!i}::lc industries, non-ferrous metal basic 668,620 124,424 793,104
R e B R
G19 Metal product {construction, ingtaliahion) 47,439 1,848 49,287
G20 Metal product (othess) 74,770 78,984 153,754
G21 Machines {Engines, Furbines, Machinery) 35,982 2.248 38,230
22 ng:::;? {for producing metal or wood 2,345 1.208 3,644
G23 Machines (for paper, chemical, focd, textile ete) 2985 283 3,268
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€.

[ Machines (calculating machines, Accounting
G24 machines, Water pumps, air Of gas compressors 6,086 5,951 12,040
etc.}
Eleckic product {Machines or Product under
G25 No0.70, Radio set, Eleckic instruments or 72,951 147,919 220,870
appliances cic ) ~
G26 Electric product (Elecirlc Equipment) . 35,599 B,247 41,846
Transportation  machines  {Ship,  Trains, 6986 49
G2z Sireetcars, Gars or Trailers) 98 17.663 246
, Transpartation machines {Motorcycles,
G28 Tricycles, Bicycles, Alrcraft, Wheeled vehicles 30,774 5,997 36,771
| elc.) E
G29 Precision machinery 1,426 _2.3?8 4,304
| G3e Othears (Musical instruments, Sport, Toys ele.) 13,529 98 14,027
& Others (Electric power, Gas, Packaging, Cold 35,605 15 35,620
| storage elc.)
G2 Gthers  (Fngine-driven for  wehicles  or 963 18,114 19,077
| motorcycles elc.
Others (Stone, Walches or Clocks, Central
G33 waste trealment plant, Generating steam, sait 163 1,009 1,172
glc.} .
Total — 2,264,702 557,456 2,822,238

Table 4-13: Non-HW and HW Generation according to the Waste Category

Non-HW
Waste Type | Code for Descriptions ::':: :ir:sif:)

the Study
Co1-04 Parts of plants such as roots, barks and feave 58,096
CO1-02 Parts of animals such as bones, skins, hair and 306,668

excreta
Co2 Pars of wood 382,775
C03 Paper waste 91,307
Co4 Plaslics or synthetic rubbers = 163,704
Co5 Glolh, thread and fabric 112,811
Hon-HW Coé__ | Animal's fat and oil and vegetable oil 1.
co7 Natural rubbers 27,109
cos Melals and mata! alloys (not in salt formy 720,592
GGe-01 Ceramics 34.421
C08-02 Glasses 71,728
c10 Stone, cement, sa.nd or_ matenals consisting of clay, 285,583
sand of stone e.g. fife, brick gypsum and concrete

GCli Mixed waste 45,917
£i2 Others 63,970
Total Non-HW 2,364,782
W1 Acid 1,881
Wiz Alkalis 2,956
Wo3 Heavy Metal Compounds 4,555
Wo4 Liquid tnorganic Compounds 51,774
Was Sotid lnarganic Compounds 585
W06 Qrganic Compounds 14,679
woz Polymer Matesials 18,331
woa Fuei, Oit and Grease 159,690
wos Fine Chemicais and Biocides 18
wio Puickling Waste 1,418
wi1 Filter Materials, Treatment Sludge ] 180,238
wiz Other Toxic substance {besides WO1-Wi1) 121,430
Total HW 557,456

Comparison of IW Generation with It in Japan
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Definition of IW (industrial wastc) differs each country. There are the following
major differences between Thailand and Japan on the definition of [W:

e [W in Thailand is the wastc gencrated from faclories.
» W in Japan is the waste penerated from business activities.

» Business activities include construction, potable water and sewage,
transportation and communication, wholesaling and retailing, agriculture,
and mining in addition to manufacturing ({actories).

s In Japan IW is classified into 19 categories of waste. The Ministry of the
Environment (MOE) estimates {W generation amount based on the reports
from 47 Prefectural governments on it according to the categories. The
estimation of IW, however, includes hazardous industrial waste (specially
controlled industrial waste) together with non-HIW. The estimation of HIW
alone is not available.

Upon consideration of the above differences on the definition of IW, IW generation
amount in Japan in 1999 is modified following the definition of IW in Thailand as
much as possible and the results are summarized in the table below. Consequently,
I'W generation per capita in the study area is 0.341 tones/person/year while it in Japan
is 1.11 tones/person/year. It means IW generation per capita in the study area is only
about 30 % of it in Japan.

Study Arca Japan in 1999%! L
: IW  except for it
it Unit
em " Non-HW HW \.‘\/Il‘l’gle generated in the | Whole IW
. industries marked in *2
Generation | 1,000 tones/year 2,365 557 2,922 141,488 399,799
Population } 1,000 persons 8,574 126,926
Generation ton/year 0276 | 0.065 0.341 LIt 115
per capita .
(Note) *1: IW Division, Waste Management and Recycling Department, MOE in Japan, January
2002,

*2: Counstruction, agriculure and public utilitles such as electricity, gas and potable
water/sewage.
#3: Nationat Census in 2002, National Statistic Cen’er in Japan

f. Estimation of HHW Generation Based on the GTZ HW Study

The Classification of HW used in the study basically follows what was applied to the
previous study on HW conducted in the study area in 1999, “Preparation of Register
on Hazardous Waste Generation & GIS Application for the Province Samut Prakarn”
(called as GTZ W Study) to share and compare the data obtained by the previous
study. Here the team deduces generation rates (GRs) of 12 categories of HW of the
33 industrial categories from the GTZ HW Study and calculates HW generation in the
study area. The method of estimation is described as follows:

e The 104 MOI codes of factories applied to the GTZ HW Study are converted
into the 33 study codes of factories.

e The team obtains generation amounts of 12 codes of HW of the 33 study
codes in Samut Prakam,.
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Each HW generation rate {(GR) is calculated by dividing each HW generation
amount by total nomber of employees of corresponding factory code in Samut
Prakarn. However, the GTZ HW Study does not provide the number of
employees. Therefore, the number of employees is calculaled by multiplying
it of JICA study with the rate of the number of factories of GTZ and JICA
study.

If 33 codes of industrics HW of all the 12 codes, theoretically there should be
396 (12 x 33) IW generation rates. According to the GTZ HW Study,
however, any industrial sector generates only some sorts of HW, and the team
obtained 105 HW generation rates.

Fach HW generation amount according to the 33 study codes in the study arca
is simply calculated by multiplying each GR by total number of employees of
each 33-study factory codes in the study area.

Tables below present a comparison of HW generation of JICA study and GTZ study.,

Table 4-14: Comparison of HW Generation Rates of JICA and GTZ Study

Unit: kg/employeelyear

Stuely Descriptions Study | wo1 | woz | wos | wos | wos | wos | wor | wos | wos | wio | wii | wia | Total
ool icuflural o1, R
GOt f\cn-agglll‘:‘a:irr‘;a s, ngualic JICA —_—— e o ——91
lanimals etc ) G1Z - - - - - - - N - - - - -
G02  Food Rour, suga:.(ea,wce.eln.') ‘g?; — - - — - ~—— - _0'2 - S ?9'5 - __,,4._3,9;':
GO3  ink. Baverage JICA _1 1394 0.4 207) 1,653 1| 1,724
- 9 GIZ LT . B - - - R - N N N R
R JICA 82 24 05 w9
W a, T . Fil s — ———— —-
GO4 - [Teatis, Thread, Fibee Gtz 379 5114 937 6427
N JICA 00 6.0 035 18 26
Texfits prod hes, m ¥ 5 - sy
GOS  fTexfita product (Ciothes, mats elc } 17 T T8 Tad 184 3055 2a7
- JICA 0.4 0.1
GOE  Mieanng Apparel | - - - —1 - - —— |-
JICA 0.5 0. 34 37
a7 , Fur, oot e - Pt
GO7  pae, Fur, Foctazer GTZ 24 [E 52 2498 4209 5114
] JICA 4.9 01 80.1 a4 8ol
GO8  woadwork {an; LET -— - = e T
aryormanyiems) 1oz 273322734 3
GO9 [Faomwork (oambao, ratn, shaw Jica | I L2 0.7 31
) pork elc) GIzZ 3472 347.2
G10 Funtue dcA 1 N 119 I %] 14649 1954
il GTZ 208 45 Z207H 23z
G11 paper, Garstoart L ek 04 - Bl _"&j
GiZ 16.8) 1404 789 2451
JiCA 804 1854 268
G12  panted mst T Rty — - Sl ene
Anind maker GTZ 431 1071 15074
JICA 783 674 218 77 364 0.3 2868 3099 174l
G13  [cnemical matter, Petiie - S — -}z —
o o Pl GIZ 87 a2 02 24 188 103 23 04 a7e 3904 5058
JICA 0.3 379 0 a9
G14 Ruttes ———{ —— = .
? B GiZ BG 431 129.4
15 |rtamme protucs JiCA 737 141 943 132 a42.7
GTZ 38 ail 433 24 53}
GI1E IGlassware, Cerasrs, non-fAetahd JICA N U 03 o ——— Ef 6.9
phamar GiZ 719 X CE
Gi7 [Stecl basic industies, on-temoug A 1. o I 4,256 1 Tlazssc
et cas industres GTZ 9620 133 111.6 67.4 801 318 4591791,
pdetal produd Is. -ari =
G1B e e, M hateng—or | | b - _{ 8§ 3
ntedor e ) GTZ 10.3 B2.7] 2324 3z5.4
G1a Metal prodact {consincion __{'_(_3'1 I — U BN SR . 85.1 — 1£ - %2
nslallihon} GTZ A 24t ¢ s [T aa89 577,
070 brers! progust (uhersy JCA I I P =T I I I - a1 8.8 d06q 8309
" GTZ 19.3 i5d 019 ETd G244
G21 [Machnes 1Engnes.  Turbwnas, ﬁ-’!c&, I 46,07 59 729 [N SRR __2?2 3_3_126_0
plactinen) G1zZ 145 100 drd &5
G2 [Mactines (for grduang metal ¢ A e e B N - I _1:_‘57-7 _ 1877
provd products) GlZ 11.§] 3458 3571
Gax [Machnes (for papar, i _EA ] _ J s27 . 544
od textie elc) Gz " ag Bl S BTy R
G24 :;gh";;;,; (kb madynes) JcA ) e 617 o7 i7e 24§ B& 13q 104
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F‘t’cr.!;m' dir or gas campiassars oTZ 5.2 6.4 4012 4630

Electda  product  (Mazhl . "
e o o | _|mag w3232
Ellgsmc instumenls or appbance: 17 9. 681.7 59.9 131.0
526 Elccmc product e _JICA_| 618 185 | A2 22E | 755 2509
quipmari a7z ). sy 930 142 1573
way [Tronspotation_macrines_(ip|_JICA I L LS 26.1 1855 969 5226
fralas, Sweercars, Cars or Tralars) — G77 31 ai 208 13 P28 481
. T'&arln:'ponﬂﬁun net "éwf;"f JIGA 11.1 02 104.8) 2679 4.7] 204 547 2236
olorcyclas, Tacyctes, Bigyde | THan
Alrcraﬂﬁy\v‘memedls‘éhwles eu?) GTZ . 35.6 1124 44 8 19.7] 236 2401
JICA 4.3 17.0) 202 B.1 0.0 49 €
2 ' ; [N FUN SN SN (AU SN L/ N, 4. N S — e 2 __WE
G29 Precisonmachinery GiZ FE 520 % e T B E
G0 |omers (vusicatinstuments spoa|_ JICA - —- 11 15 24
[Toys eic} GTZ 0.3 30 0.3 0.2 1.3 52
G31 Pwers Elechna poner, Gas] JICA e 0.6 06
Pachaging. Cobd storage etc } GIZ \77 o 1249 1244 2,671.4 3,693 7
Gap KJthers (Ergine-driven for vehiclay JIC’A__ S IR 43.6 324.09 R I 3738 47 _‘?is;l
or motostydes ele. GTZ 123.5 470.% 5998
a3 gn?.sltsmn::_ \'V?lch'es nrlcu:.k; JICA 5.0 1.9 46,6 501 1027

i i it} -—:——|

e ey T TéTZ V0.7 70.9 7.4 Tl 74 %4 1%de
. - > JICA T T8 24 198 06 . 48 50 564 00 __ 0§ 1258 121/ 3457
All Gategary of Faclories GIZ 53 14 7 o8 ol 58 349 20 4lg 00 74 1273 1866 4213

Table 4-15: Comparison of HW Generation Estimated by JICA and GTZ
Study for all the Study Codes of Industries

Factory JIGA Study GTZ Study
Study Descriptions Nos. of Generation | Rate to Nos. ?f Generation | Rate to
Code Factories |\ niyear) Total | TGOS & onivear) | Total
Surveyed Surveyed
S T i e I ; 0.0 - -
Go2 Food (flour, sugar, tea, ice etc) 184 1,218 0.2 - -
Go3 Drink, Beverage 9 30,078 5.4 - ~
B Go4 Textile, Thread, Fibre 520 1,562 0.3 501 90,931 207
305 Textile product {Clothes, mats elc.) 155 153 oo 104 10,327 2.4
GO5 Wearing Apparel igd 19 0.0 - - =]
GO7 Hide, Fur, Footwear 200 243 0.0 226 29,431 8.7
GO Woodwork (any or many items) 163 2,264 0.4 148 62,780 14.3
GO9 woodwork (bamboo, rattan, straw, cork elc } 92 48 0.0 70 4183 | 1.0
Gid Fumiture 133 5,820 1.0 109 5923 1.3
| G Paper, Cardboard 127 227 00 87 5,651 13
Gi2 Printed matter 89 9,156 18 55 4,151 0.9
Gi3 Chemical matter, Petroleum 382 45,385 82 310 41,424 9.4
G4 Rubher 94 1,357 02 83 5677 1.3
G15 Plastic product 542 43,559 7.8 410 4,875 1.1
| 616 | Glassware, Geramics, non-Metallic Matter 148 284 0.1 a0 2264 | 05
Gi7 it;f;t::z|c industries, non-ferrous metal basic 271 124,484 27 4 206 38,322 87
ot | fe oy meror ey | 18| e Be|  apss| oo
G19 Metlal product {constuction, installation) 203 1,848 03 182 10,522 2.4
G20 Metaf product (others) 964 78,984 14.2 722 18,805 4.5
G21 Machines (Engines, Turbines, Machinery) 187 2,248 0.4 151 753 - 0.2
G22 ’;‘:zf,ﬁ'gl‘:)s (for producing metal o5 wood 85 1,208 0.2 66 2272 05
23 Zilicihines (for paper, chemical, food, lextile a3 283 0.1 56 285 01
Machines (calculating machines, Accounting -
G24 machines, Walter pumps, air of gas 84 5,954 1.1 68 21,769 5.0
compressors ete.)
Eleclric product (Machines or Product under
G25 No.70, Radio set, Electic insiruments of 200 147 919 26.6 108 13,432 3d
apphiances elc }
G286 Electric product {Electric Equipment) 128 6,247 1.1 97 3.608 0.8
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R
Transporiation  machines  (Shlp,  Trains, 8
627 Strestcars, Cars or Trailers) 238 17,603 32 196 2368 03
Transportation machings {Motorcyctes,
G28 Tricycles, Bicycles, Aircraft, Wheeled vehicles a7 5,997 i1 82 6,826 1.6
efc.)

____(_;35 Precision machinery 38 2.878 0.5 12 3,159 0.7
G30 Others (Musical instruments, Sport, Toys eto.) 93 88 0.0 17 53 0.0
aat Others {(Electric power, Gas, Packaging, Cold o 15 0.0 a7 32,425 7.4

starage etc.)
G2 Others  (Engine-driven  for  vehicles  or 142 18,114 3.2 101 10,357 24
moiorcycles efc.
Others {Stone, Walches or Clocks, Central
G33 waste treatment plant, Generating steam, salt i3] 1,009 0.2 ] 1,430 0.3
etc.)
Total - 8,430 557,456 100.0 4,472 438,958 100.0
Table 4-16: Comparison of HW Generation Estimated by JICA and GTZ
Study for all the HW Categories
HW Code JIGA Study GTZ Study
for the Descriptions * %in % in
Study Generation Total Generation Total
Wit Agid 1,881 0.3 29,250 6.7
Wig2 Alkahs 2,956 0.5 1,807 0.4
W3 Heavy Metal Compounds 4,656 _ 0.8 535 _ﬁQL
Woa Liquid lnorganic Compounds 51.774 9.3 141 0.0
WS Saligd Inorganic Compounds ' 585 0.1 3,819 0.8
Wos Organic Compounds 14,579 26 4,531 1.0
wWo7 Polymer Materials 18,331 3.3 2,53 06
wiosg Fuel Oit end Grease 169,690 28.7 45,351 10.6
woe fine Ghemicals and Bipcides 18 0.0 29 0.0
W10 Pickling Waste 1419 0.3 5,546 1.3
Wit Filter Materials, Treatmeni Sludge 180,238 323 102,777 234
Wiz Other Toxic substance (besidas WO1-W11) 121,430 218 241,781 55.1
Tetal 557 456 100.0 438,958 100.0
Overall HW generation amount estimated by JICA and GTZ study secms to be quite
similar. However, there are quite big differences observed in each HW generation
rate of each categories of industry. This is because of the following aspects:
1. Comparing with GTZ study, JICA study covers wider area and factories but the
number of samples (215 factories) is Iess than GTZ study.
2. The study arca and year and target factories differ.
41.3 Present W Flow

a. Present I'W Flow

The team estimated current IW flow in the study area based on valid relies of 206
factories on IW generation and on-site/off-site IW disposal method, i.e. on-site
storage, on-site (realment, on-site reuse/recycling, on-site final disposal,
collection/transportation, oft-site reusefrecycling, off-site treatment and final
disposal. The table below shows current non-HW flow and HW flow in the siudy
area.
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Table 4-17: Non-HW Flow and HW Flow in the Study Area (2001)

T w Non-HW HW
\\ Amount Rate to Amount Rate to
Items .| (tonlyear) Total (%) {tonfyear) Total (%)

1, Generation 2,364,782  100.0 557,456 100.0
On-site Disposal ' 707,574 20.9 313,903 56.3
Off-site Disposal * 1,657,208 70.1 243,553 437

2.Reuse/Recycling | 1,853,964 78.4 101,337 18.2
On-site 321,414 13.6 22,455 4.0
Off-site _ 1,532,550 64.8 78,882 14.2

3. On-site Storage 42,081 1.8 3,842 0.7

4. On-site Treatment 20,405 09 182,994 32.8
(Reduction) ™ (8,493) (0.4)| (123,935) (22.2)

5. On-site Final Disposal 335,526 14.1 120,083 216

6. Off-site Treatmentand | ;4 14 53| 208,279 37.4

Final Disposal

7. Collection by Waste | ;749 48.5 47 472 8.5

Buyers -

1. The term of disposal covers storage, discharge, collection, fransportation, treatment and final

disposal of waste. In concrele term on-site disposal covers IW long-term sforage,
reusefrecycling, treatment and final disposal at the generation sources, i.e. factories.

2. Off-site disposal covers IW colleclionftransportation, reuse/recycling, treatment and final
disposal outside of the factories.

3. Reduction refers to the lost amount of waste through treatment such as dewalering, drying,
incinerating, etc.

4. Waste buyer in Thai 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-HW (206 valid reply
did not report C06: Animal’s Fat and il and Vegetable Oil) and 12 categories of HW
as well as non-HW/HW flows of 33 categories of industry are prepared and presented
in Annex 4.1.
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Non-HW Generation Flow (ton/year) 2001 Present

8I-v

Factory Category Alt All Factory Category
Type of Waste Al All Type of Waste
n Lollection & | On-site Reduction euse & n-site -gite Treatmen nal Disposa
Site Transport Treatment ‘ Recycling Storage! | & Final Disposal
. ]_Fﬁa‘rmm—[
> (Factory)
Storage 335,526
» 41,822 14.1%
Reuse 1.8%
nsife » / Recycling
~m 707,574 [ 309,821
29.9% eduction 13.1%
8,493
0.4% Reuse
| "On-site » /Recycling
Treatment | | 11,593
20,40% 0.5% Sforage !
0.9% o 255 |
) 0.0%
Generation| | Final Disposal
2,364,782 {Municipal)
100.0% unlcipal i » [ 0.0%
. 34,975 » 34,975 1.5%0
1.5% » 31,450 1.3%
[ 66485 | %.8%
site Private Company Private Licensed |
1,557,208 b 474,485 » 37,855
L 701% 20.1% L 1.6%
Waste Buyer I Private others
el 1,147,728 20,378
48,5% 0.9%

Unit : ton/year
.

Figure 4-1: Non-HW Flow in the Study Area (2001)
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Figure 4-2: HW Flow in the Study Area (2001)
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In order to understand current IWM it is important o know the following indicators

of each category of IW and industry:

Gienetation amount of each category of IW from each industrial sector, and its

rate to total gencration;

Rate of on-site and off-site disposal; and

Rate of reuse/recycling.

The team, thercfore, presents the following 4 tables for presenting the
above-mentioned indicators.

Table 4-18: Key Indicators of each Non-HW Category

MOI Non-HW Total % Intotal % of % of % of
Nutification Code for Descriptions Generation Generation On-site Off-site Reusel
No 1 (1998) | the Study Amount Disposal Disposal | Recycling
Group1-1 | C01-01 Parts of plants such 88 To0ls, | gg 5oq 25 0.0 100.0 100.0

barks and leave
Group1-1 | Cotpz | oS of enimals such as | g4 050 13.0 9.3 90.7 99.9
| tones, skins, halk and excreta
Group 1-2 Co2 Pars of wood 382,775 16.2 226 7.4 96.3
| Group 1-3 CO3 Paper waste - 91,307 38 1.2 98.8 97.8 |
Group 1 -4 Go4 Plastics or synthetic rubbers 163,704 6.9 6.1 93.9 86.8
Group 1-5 GO5 Cloth, thread and fabric 112,911 48 21.7 78.3 90.8
Animal’ ¢ and oil
Group -6 | CU6 vegeiabsle of: - - - - -
Group ¥ -7 co7 Natural rubbers 27,109 1.4 61.5 385 92,5
Group1-8 | coB Metals and melet alioys (not | 7, gop 304 265 735 81.5
In salt form)
Group 1-9 C09-01 Ceramics 4421 1.5 100.0 0.0 0.0
Group 1 -9 CcHe.p2 Glasses 71,729 3.0 44.B 55.4 90.4
Stone, cement, sand
Group 1- 10 | C10 matefials consisting of 8y, | ,qq gy 121 59.5 10.5 187
sand or stone eg. tile, brick
gypsum and concrete _
Kong [k Mixed waste 45,917 1.8 4.8 95,2 0.0
Group 2 Ci2 Ofthers 63,970 2.7 393 60.2 76.5
Total 2,364,782 100.0 29.9 70.1 78.4
Table 4-19: Key Indicatars of Non-HW from Each industrial Category
Totaj % of % of % of
it::: Descriptions Generalion 23"2:3:: C.m-sile Oift-site Reus_e!
Amount Disposal Disposal Recyclin
G01 ;‘}’l‘j’g“;:i::)‘;':;"e"é )p“’d””' non-aqualic animals, | e 4 p 124 0.0 100.0 99.9
Go2 Food (flour, sugar, tea, ice efc.) 11,881 0.5 .0 100.0 145 |
L GO3 Drink, Beverage 47,208 20 0.0 100.0 966
B Go4 Texiile, Thread, Fiber 64,294 2.7 20.2 798" 94.3
GO5 Textile praduct (Clothes, mals etc.) 53,513 2.3 7.7 823 99,6
Go6 | Wearing Apparel 54,835 2.3 00 100.0 79.6
| Go7 Hide, Fur, Fochwear 42,163 7.8 67.5 325 77.0‘_‘
| Gos Woodwork (any or many items) 143,705 5.1 30.7 69.3 94.2
Go9 Woodwork (bamboo, ratlan, straw, cork ete.) 61,848 2.6 1.0 99.0 96.9
| _Gio Furniture 159,222 67 27.0 - 73.0 98.1
| Git Paper, Cardhoard 48,735 24 03 89.7 96.8
Gi2 Printed matter 36,232 1.5 a0 1600 9.7
G13 Chemical matter, Petroleum 5,107 02 00 100.0 58.1
G14 Rubker 44,213 1.9 ar7 62.3 809.3
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Gi5 Plasiic: produst 93,787 4.0 0.1 §9.9 99.6
Gi6 Glassware, Caramlcs, non-Metallic Matter 105,049 4.5 64.8 35.2 52.4
617 §teel basle industres, nonderrous metfal basic 568,620 8.2 610 8.4 49.9
industries o .
G18 Metlal pmr_lugt ((oo_ls. appliances, househaold 60,446 26 00 100.0 100.0
o furnilure, building interior elc )
G19 Metal product (construction, installabon) 47,439 2.0 __bo 100.0 97.7
G20 Metal product (others) 74,770 32 )] 908 99.9
G21 | Machines (Engines, Tuebines, Machinery} 35,982 1.5 0.0 100.0 84.7
az2 Machines (for producing metal or wood products) 2,348 0.1 01 6959.9 96.9
G23 Machines (for paper, chemical, food, textile stc.) I g 1!_395 01 0.0 100.0 936
Machines  ({calcutaling machines, Accounting :
G24 machines, Waler pumps, air or gas compressors 6,086 0.3 0.3 99,7 48.7
etc.) .
. Eleciric product (Machines or Product under No.70, . .
Gas Radio set, Etectric instruments or appliances efc ) 72,951 31 2 728 413
G26 Etectric product {Etectric Equipment) 35,599 1.6 53 . o4.7 96.2
G27 Transportat_ion machines (Ship, Trains, Streelcars, 5,986 03 0.0 100.0 a5.0
Cars or Trailers)
Transportation machines {Motorcycles, Tricycles, .
ﬁGZB Bicycles, Aitcraft, Wheeled vehicles etc.) 30,774 13 3.7 623 85.3
G2e Precision machinery 1,426 0.1 19.1 80.9 T30
G30 Others (Musical instruments, Sport, Toys elc.) 13,929 0.6 1.1 95.9 6.9
G Others (Electric power, Gas, Packaging, GCold 35,606 15 86.8 13.2 100.0
storage elc.)
a3z eottlers {Engine-driven for vehicles or molorcycles 983 0.0 0.0 100.0 100.0
Others (Stone, Watches or Clocks, Cenfral waste
Gas treatmeat plant, Generating steam, salt efc.) 163 00 oo 0.0 100.0
Total --- 2,364,782 100.0 29.9 70.1 78.4
Table 4-20: Key Indicators of Each HW Category
Hw
Total o o % of % of
Gode for Descriptions Genesation | ¢ Intotal | % of On-site Off-gite Reuse/
the Amount Generation Disposal Disposal | Recyclin
Study P yeling
Wot Acid 1,881 0.3 0.2 9.8 0.0
Wo2 Alkalis 2,956 0.5 g2.5 7.5 825
W03 Heavy Metal Compounds 4,555 0.8 Go 1000 457
wWo4 Liquid Inprganic Compounds 51,774 93 85.8 14.2 0.0
Wos Schd Inniganic Compounds 535 0.1 0.0 100.0 0.0
wos Qrganic Compounds 14,579 26 86 914 32.2
wor Polymer Materiats 18,331 3.3 8.4 916 4.1
wos Fuel, Oil and Grease 159,690 287 77.6 22.4 15.6
woo Fine Chemicals and Biocides 18 0.0 0.0 1000 0o
w10 Pickfing Waste 1,419 0.3 0.0 100.0 397
W11 Filter Materials, Treatment Sludge 180,238 323 68,2 3i.8 1.4
Wiz Other Toxic substance (besides W01-W1i1) 121,430 21.8 14.3 85.7 52.1
Taotal 557.456 100.0 56.3 437 18.2
Table 4-21: Key Indicators of HW from Each Industrial Category
Total % of % of % of
Stud % In total
udy Descriptions Generation % In cita On-site Off-site Reusef
Code Generation _ X
Amount Disposal Disposal Recycling
Food  (agricultural  product, non-aquatic
G animals, aquatic animals etc.) 8 00 00 100.0 1000
G2 Food (fiour, sugar, tea, ice efc) 1,218 0.2 0.5 98.5 7.5
Go3 Drink, Beverage 30,079 5.4 93 90.7 98 2
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G4 Textile, Thread, Fiber 1,562 03 2.0 88.0 89.5
Go5 Textile product (Clothes, mats stc.) 153 0.0 314 68.6 99.3
Go8 Wearing Appare! 19 0.0 75.7 26,3 73.7
o7 Hide, Fur, Feolwear o 243 0.0 4.6 95.6 835
| Gos Woodwork (any of many {tems) 2,264 04 89.5 10.5 952
Gog Woodwork (bamboo, rattan, straw, cork efc.) 48 0.0 0.0 100.0 100.0
G10 Furniture o 5,820 1.0 2.0 8.0 74.3
G11 Paper, Cardboard | 227 0.0 0.0 100.0 12.3
G112 Printed matter §,156 1.6 0.0 100.0 100.0
G13 Cheinical matter, Petroleum 45,395 8.1 37.5 2.6 335
Gi4 Rubber 1,357 0.2 0.0 100.0 96.9
G15 | Plaslic product 43,559 79 0.6 100.0 7.0
| Gi6 Glassware, Ceramics, non-Metaltic Matter 284 6.1 28 97.2 2.8
o7 Steel paslc industries, non-ferrous matal basic 124,484 224 98.5 15 a4
industries
18 Me!_al prodL_xcl_ (E?OIS'. appliances, househeold 1,024 02 0.0 100.0 6.2
furniture, building interior etc.)
| G19 Metal product {construction, installation) 1,848 0.3 0.0 1000 B5.3
WGZO Metal product {others) 78,984 142 55.9 441 14.2
G21 Machines (Engines, Turbines, Machinery) 2,248 0.4 0.7 89.3 15.3
Q22 Machines (for producing metal or wood 1.298 oz 307 §9.3 34
products)
o :‘:::;hines {for paper, chemical, food, texiile 283 01 00 100.0 968
Machines (calculaling machines, Accouniing
G24 machines, Water pumps, air or gas 5,854 1.1 0.0 100.0 25
. compressors ete.)
Efectric praduct {(Machinas or Produck under
G25 No.70, Radio set, FEfectric instruments or 147,918 266 816 184 2.9
apphances elc.)
| Goe Electric product (Electic Equipment) 6,247 1.1 0.0 100.0 35.0
. Fransportation  machines  (Ship,  Trains, ; .
G27 Streetcars, Gars or Traiters) 17,863 5.2 105 88.5 4.0
Transportalion machines {Motorcycles,
G2s Tricycles, Bicycles, Aircraft, Wheeled vehicles 5,987 1.1 20.4 79.8 34.5
| ete.) .
G29 Precision machinery 2,878 0.5 0.0 100.0 0.0
- G30 Gtiars {(Musical instruments, Sport, Toys ele.) 88 o0 10.2 88.8 52.0
G31 Others (Eleclric power, Gas, Packaging, Cold 15 00 o0 100.0 100.0
storage etc )
Go2 Qthers  (Enginedsiven  for  vehicles of 18,114 32 15 985 325
motorcycles etc.
Clhers (Stone, Walches or Clocks, Centrat
G33 waste treatment plant, Generating steam, salt 1,009 6.2 40,5 59.5 1.2
elc)
Total - 557,456 100.0 56.3 43.7 18 2
b. Limitations in the Use of the I'W Flow

Though the team developed the IW 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.
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Table 4-22: Rate of Factory Survey Data to Total of Study Area

Factory Survey Data Total Rate to Total
Number Unit Number | Unit | (%)
Number of Factories 208 Factory 33,092 Factory 062 |
Number of Employees 70,113 | Employee | 1,584,782 | Employee 50
Non-HW Generation 118,904 | tonfyear | 2,364,782 | tonfyear 5.0
HW Generation 27,349 ton/year | 557,456 tonfyear 4.9

2. As the estimation of {W generation requires the following basic data of the
factories registered in the DIW and [EAT factory database, those factories that do
not have the data arc not counted in the study.

e MOI factory code number; and
e  Number of employecs.

3. Since the actual number of employees informed by the factories was 18 % more
than that in the DIW factories 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 communities and industrial parks.

4, 1If 33 codes of industry generate each code of wastes (14 non-HW and 12 HW),
theoretically there should be 858 (26 x 33) IW generation rates. However, from
the factory survey the team obtained 288 IW generation rates.

IWM On-site

This section present IWM in factories based on the findings identified by the factory
survey conducted at the 215 selected factories.

On-site Disposal

The term of disposal covers storage, discharge, collection, transportation, treatment
and final disposal of waste. In a concrete term on-site disposal covers IW long-term
storage, reuse/recycling, treatment and final disposal at the generation, i.e. factories,
while off-site disposal covers IW collection/transportation, reuse/recycling, treatment
and final disposal outside of the factories.

According to the IW flows made by the study the on-site disposal rate of HW
(56.3%) is much higher than that of non-HW (29.9%). This is due to very high rate
(on-site treatment: 32,8 + on-site final disposal: 21.6 = 54.4%) of on-site HW
treatment/disposal compare with the rate (on-site treatment: 0.9 + on-site final
disposal: 14.1 = 15.0%) of nhon-HW.

The highest rate of on-site HW disposal is W04: Liquid Inorganic Compounds
(85.8%), followed by W12: Other Toxic Substance (85.7%) and W02: Alkalis
(82.5%). On the other hand the highest rate of on-site non-HW disposal is C09-01:
Ceramics {100%), followed by C10: Stone, Cement, Sand, ete. (89.5%) and CO7:
Natural Rubbers (61.5%).
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4.2.2

4.2.3

Storage and Discharge
a. Separation of I'W

According to the Factory Survey at 215 factories the separation of IW is not well
conducted by the generators. The reasons are summarized below.

s As for the separatioh of HW from non-HW 17.2 % (13 + 24 = 37) of 215
factories discharge mixed wastes of HW and non-HW, and larger scalc of
factory more strictly conduct separate discharge.

o 24.6 % (53) of 215 factories do not strictly separate non-HW generated al the
production process from non-HW from other sources in the factoties
(domestic/office waste). The reasons of no separation are mainly small
generation, less need to separate and no ways for utilization.

b. Storage

33.5 % (72) of factories do not store IW inside according to the Factory Survey. It
implies that the storage of IW is not well provided by the generators. The rate of
factorics that store their IW on-site increases in accordance with the number of
employees.

66% (142) of factories replied 1W is stored in their compound. 95.8 % (136) of 142
factories that store IW on-site separately storc IW. However, purpose of on-site
storage of the 142 factories is mainly temporal storage before collection (93.7%). The
factories which temporarily store waste for the purposes of on-site reuse/recycling or
on-site treatment/disposal are very limited and 2.1% and 2.8% respectively.

Treatment, Reuse and Recycling

Regarding on-site treatment, reuse and recycling the IW {lows prepared by the study
indicate the following aspects:

. On-site treatment rate of non-HW is very limited (0.9% of total generation)
while that of HW is common (32.8% of total generation). Since on-sitc HW
reduction rate by treatment is 22.2%, main objective of on-site treatment is
considered as [W reduction.

® On the contrary on-site reuse/recycling rate of non-HW is much higher (13.6%
of total generation) than that of HW (4.0% of total generation). However,.
on-site reuse/recycling rates of non-HW and HW are much smaller than those
of off-site. Because off-sile reuse/recycling rate of non-HW is 64.8% against
13.6% of on-site, and for HW 14.2% to 4.0%.

. The highest rate of reused/recycled HW is W02: Alkalis (82.5%: on-site §2.5%
and off-site 0%), followed by W12: Other Toxic Substance (52.2%: on-site
10.4% and off-site 41.8%) and W04: Heavy Metal Compounds (45.7%: on-site
0% and oft-site 45.7%). On the other hand the highest rate of reused/recycled
non-HW is C01-01: Parts of plants such as roots, barks and leave (100%:
on-site 0% and off-site 100%), followed by C01-02: Parts of animals such as
bones, skins, hair and excreta (99.9%: on-site 9.3% and off-site 90.6%) and
C02: Parts of wood (98.3%: on-site 21.2% and off-site 77.1%).
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In addition to the above-mentioned aspects the following findings of the 215 Factory
Survey indicate on-site (reatment and reuse/recycle of TW is not very common

compared to those of off-site:

. Only 14.9 % (32} of factories have on-sitc treatment of [W.

. Only 23.3 % (50) of factories conduct on-site reuse or recycling of IW,
. Only 10.2 % (22) of factories have on-site reuse/recycle plan of W,

. Most of factories (93.9 % (202)) do not have plans to improve treatment and
final disposal on-site, This indicates most of factories prefer to off-site

treatment/disposal in future.

4.2.4 Long-term Storage and Final Disposal

IW flows made by the study indicate on-sitc long-term storage is very limited but
final disposal of IW is common:

. On-site storage of IW is very limited; i.¢.0.7 % of total generation for HW and
1.8 % for non-HW.

) On-site final disposal of non-HW is 14.1% of total generation while 21.6% for
HW. This indicates considerable amount of IW, especially FIW, is disposed of
at factory compound.

425 Industrial Cluster and Zero Emission

When waste as resource moves from factory A to factory B, and from factory B to
factory C, etc, putting more than one factories together by the waste flow, the group
of networked factories is called an industrial cluster in this report. In other words, an
industrial clusters is formulated when fwo or more factories are linked by waste

reuse/recycling activities.

Zero emission is a concept that aims to minimize waste that affects the environment
by reducing waste generation and thickening the waste (rescurce) flow in the

industrial ¢luster (Figure 4-3),

weee- 0 Blow of resource

———P Flow of wasle

Minimized resource
extraction

JUAUUOIAUT
[BanIEN

Minimized waste load

Figure 4-3: lllustration of Industrial Cluster and Zero Emission

The Zero Emission concept can be applied not only when an industrial cluster
attempts to minimize waste load to the environment, but also when individual
factories aim the minimization of waste to be finally disposed off by waste generation
reduction and reuse/recycling, or when a society of a certain area as a whole
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(city/town/village) intends to reduce the disposal amount of wasle including
municipal waste,

With such understandings of the terms, the current status of zero emission and the
industrial cluster in Thailand is described below.

a, Zero Emission
a.l Practices at Individual Factorics

Activities toward zero emission done at individual factories can be considered as a
combination of waste generation reduction and the promotion of on-sitc and off-site
reuse/recycling, through which final disposal amount is to be minimized. With such
understanding, the team summarizes zero emission practices as below.

s Promotion of generation reduction and recycling: The factory survey found that
the majority of the surveyed factories do not have a plan to promote generation
reduction or waste recycling.

. Recycling: Most of recyclable materials arc traded with payment for off-site
recycling.

. 17% of total generation of non-HW and 30% of total gencration of HW are
finally disposed of. The rate of on-site final disposal are particularly high, i.e.
14% and 22%, respectively.

Overall, the concept of zero emission does not seem to be widely diffused to
individual factories.

a.2  Practices at Factories of Japanese Companies

The environmental committee of Bangkok Japanese Chamber of Commerce (JCCB)
has conducted a questionnaire survey regarding their environmental issues, concern
and activities to Japanese companies in Thailand from June to August of 2001.
Among its 1,144 member companies, two hundred companies replied. The replying
rate was 17.4%. According to the results, 83.5% of respondents answered that they
regarded the environmental issues as primarily and/or comparatively important. 51%
of respondents pointed out that industrial solid waste management was the first
priority problem (Waste treatment, 26.0%; Energy conservation, 21.5%). Especially,
they felt that a lack of treatment and disposal facilities for industrial solid waste and
high treatment and disposal cost were the special concemns.

The following table summaries environmental activities of the respondents. 50% of
the companies answered that they were conducting energy and resource conservation
activities since these activities would have high cost reduction effects. Subsequently,
waste reduction and zero emission followed. Because energy and resource
conservation contributes (o waste reduction and is closely related to zero emission, on
the whole, the factories of Japanese companies in Thailand are highly motivated to
achieve zero emission.
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Table 4-23; Environmental Activities of Japanese companies belonging to

JCCB
1]
. O a
5|z |es|tslaBle |82 5
= ce|lBB L2 T3] w 25 o0
& ac|lod|laeBl 8 | o |3 i
b e |22 gzl EEjca| 2E g8
% c8loE|dyl e 8S| 5& o3 5
g o 18518988 Bz |gY|E8| %2
Ll 11} =z o ©v 5 'S0 B4 ©
= e 12°185 |39 F5|3 |58 §¢
g E |4 eN oo e g oz £
! =z
B Nos. Percentage to 200 total companies
All Companies 200 | 555 31.0] 255 1.5 32.0 9.0 47.5
Manufacturing 148 | 80.1 [ 35.1| 24.3 1.5 385 7.4 50.7
Food 12| 86.7 )] 25.0 25.0 83| 1867 | 186.7 417
Fiber/Textile 10| 80.0) 300 10.0 200 200| 200 50.0
Chernicals 24| 625 33.3| 250 20.8 | 45.8 4.2 54.2
Metal 12| 58.3] 186.7| 26.0 B3| 417 8.3 50.0
Machinery 6| 66.7| 33.3 0 0| 333| 16.7 66.7
Electric/Electr 39| 48.7| 46.2| 282 51} 359 7.7 81.5
onics
Automobile 251 56.0 | 36.0| 28.0 18.0 52.0 0 44.0
Others 20| ND?| ND| ND| NDj ND| ND ND
Non- 52| 423 | 192 288 1.5} 13.5| 13.5 385
Manufacturing '

Mote: *1. Including Trade (14 companies), Construction (12), Transportation & Telecommunication (11),
Others (15), *2: No Data

Source: “Questionnaire Survey on Environmental lssues to Japanese Companies in Thailand
{Summary)", Enviranmental Committee Bangkok Japanese Chamber of Commerce

a.3 DIW’s Activity

DIW’s approach to zero emission is rather practiced as part of its CT (cleaner
technology) policy.

DIW has studied the Cleaner Technology jointly with the industrial sector, various
agencies, universities, etc. with the collaboration of Danish Cooperation for
Environment and Development (DANCED) since August 1998 and concluded the
discussion as the Cleaner Technology Policy for Thai Industry, The *Cleaner
Technology Policy for Thai Industry Second Edition” published in June 200}
includes the following activity plans and part of them has been already implemented.

. To establish CT committees of some of industrial sectors whose members are
composed of the relevant ministrics and departments (DIW, PCD, OEPP,
Department of Industrial Promotion of MOI, ete.), Universities, and related
industrial sector experts and industrial associations. The committees will
formulate CT criteria, guidelines, incentives and other policy instructions. The
committees of diary sector and rubber sector were established. The committee
of frozen seafood sector will be formulated in the next fiscal year starting in
October 2002,

» To establish a CT verification committec. The current activity includes
assistance for [FCT (Industrial Finance Cooperation of Thailand) when it needs
to determine whether a project which applies for [FCT loan aims at CT and
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