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INDUSTRIAL DEVELOPMENT

AND ENVIRONMENTAL QUALITY

Even though industrial development has contributed to
rapid economic growth, it has impinged on the environment.
Inadequate pollution control and protection provokes the
wide spread of pollution, deteriorates water "and air

quality, and hence poses health hazards.

The number of factories (excluding rice mills)
registered with the Department of Industrial Work (DIW) has
rapidly increased from 600 in 1969 to 51,500 factories in
1989. Fifty-two percent of these factories are located in
the Bangkok Metropolitan and the Greater Bangkok Areas
(BMR). Twelve out of twenty-three industrial estates are
also located in the region whereas the remaining seven are
located in the central region including the Eastern
Seaboard. Value added derived from these factories has
accounted for 76 percent of the country’s value added in the
industrial sector and thus reflects a high concentration of

medium and large scale industries in the region.

Industrial wastes consisting of various kinds of
hazardous materials, such as heavy métal sludges and solids,
chemical wastes, o0il and solvents, are harmful to 1living
organisms and human beings, therefore controlling these
wastes should be one of the country’s primary concerns. The

first five hazardous waste generators including the Basic



Metal Industry, Manufacture of Fabricated Metal Products,
Manufacture of Transport and Equipment, Manufacture of
Electrical Machinery, apparatus, appliances and supplies,
and Manufacture of Chemicals, encompassed 15,126 factories
in 1989. Sixty-seven percent of these factories are located

in the BMR.

The value added share of non-hazardous-waste-producing
industries has decreased from 71 percent in 1979 to 42
percent in 1989, whereas the share of hazardous waste
producing industries has increased from 29 to 58 percent for
the same period. Currently, the country’s only hazardous
waste treatment plant is located in Bangkhuntein district
and has the capability of treating 200,000 tons of waste per

annum.

Industrial expansion coupled with rapid growth in
urbanization- has deteriorated water and airr qpality.
Discharge of wastewater containing high biochemical oxygen
demand (BOD) into the Chao Phraya and Tachin rivers has
polluted these two rivers. The dissolved oxygen (DO) in some
areas has been below the standard set by the office of

National Environment Board (ONEB).

With regard to air quality, 0;14 million tons of sulfur
dioxide (S0g), accounting for 26 percent of total SOg
emission, were released from the industrial sector in 1988.

Fifty- eight percent of the industrial emission was in the
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BMR. Total emission for the BMR and central region including
the Eastern Seaboard added to 80 percent. It is obvious that
the environmental impact of industrialization on air quality
was especially high in areas with high industrial
concentration such as Samut Prakarn. Recent studies indicate
that the ambient level of nitrogen oxide and sulfur dioxide
in this area will exceed the national air quality” standard
set forth by the ONEB in 1992 and 2001 respectively (JICA

1990) unless adequate controls are implemented.

Factors Presently Influencing the Environment

Despite the attempts to control pollution and manage
environmental quality through various legislation such as
the Factory Act B.E. 2512 (FAC 1969), The Public Health Act
B.E. 2484 (PHA 1941), and the National Environmental Quality
Act B.E. 2518 {NEQA 1975), the agencies involved in control
and environmental management still lack proper and effective
mechanisms to enforce these provisions. For instance,
according to NEQA, a factory requesting permission to be in
operation is required to submit an Environmental Impact
Assessment (EIA) report, describing potential impacts of its
operations on the environment and prevention guidelines, to
the ONEB for review prior to obtaining approval from the
appropriate agencies {(DIW and Industrial Estates Authority
of Thailand (IEAT)). However, ONEB’s authority is limited to
evaluating the EIA report, recommending proper procedures to
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minimize environmental impacts and giving recommendations
for approval or disapproval of the project. Implementation
and enforcement are, in fact, the responsibility of other
agencies who generally lack sufficient manpower to
effectively monitor and enforce the EIA findings and

recommendations.

The DIW has no authority to monitor or enforce the FAC
for factories under the jurisdiction of the IEAT. The IEAT
is therefore responsible for not only establishing factories
within the estate, but also for controlling and treating
industrial waste released by those factories. Even though
environmental quality is one of the IEAT’s primary
objectives, it 1lacks an environmental unit to treat any
industrial hazardous waste other than wastewater. This makes

the pollution problem more critical and complicated.

With regard to DIW, its budget for monitoring and
enforcement of environmental quality is inadequate; as low
as 1,900 baht per factory per annum in 1989. The ratio of
staff to factories (excluding rice mills) was approximately
1:74 (i.e., 699 staff per 51,500 factories). These resources
are undoubtedly insufficient for the enforcement of effluent

standards and other pollution control regulations.

The Board of Investment (BOI) statistics indicate that
the proportion of approved investment for hazardous-waste-

generating industries have increased from 25 percent in 1987
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to 55 percent in 1989. The current capacity for properly
handling hazardous waste is still far below the amount being
generated. Expansion of hazardous waste treatment
capabilities to sufficiently handle present and future waste
is certainly a slow process and a time-consuming task which
requires substantial financial support. The BOI promotion
policy should therefore be restructured +to take into
consideration these 1imitations and their environmental

implications.

In addition, factors such as the change in industrial
structure (shifts from small scale industries generating
organic waste to lérge scale industries with sophisticated
production processes and technologies which generate waste
that is more difficult to treat), rapid industrial growth at
the rate of 10 percent per annum in the past decade, and the
cumbersome procedures required to change laws and
regulations,' have made environmental management less

efficient and effective.
Future Trends

Hazardous wastes

It is projected that the production of hazardous wastes
will reach 1.99 million tons per annum in 1991. Ninety-six
and a half percent of these wastes are attributable to the

manufacturing sector, with the remaining portion



attributable to urban, hospital and 1lignite wusage. The
country’s hazardous waste 1is projected to grow to 3.5
million tons by the year 1996 and will continue growing to 6

million tons by the year 2001.
Wastewater

Industrial wastewater in the form of BOD was ‘estimated
to be 0.5 million tons per annum in 1991, the equivalent of
wastewater ggnerated by an urban population of 27.2 million.
About 29.3 percent of the wastewater is generated by sugar-
related industries with 17.4 and 19.6 percent Dbeing
generated by beverage and pulp and paper industries. Under
current economic and industrial growth, it is projected that
wastewater in BOD form will grow to 0.68 million tons per
annum in 1996. This figure would be equivalent to the

wastewater generated by an urban population of 35.3 million.
Air Pollution

The four significant industry generated pollutants
deserving special attention are sulfur dioxide (S509),
nitrogen oxide (NOy), carbon Dioxide (CO9), and suspended

Particulate Matter (SPM)

Electricity generating plants were the primary source
of SO 9 emission in the year 1991 {(566.4 percent) followed
by the industrial sector (21.5 percent). Total industrial

SO0 emission is projected to increase from 0.21 million tons
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per annum in 1991 to 0.28 and 0.85 million tons per annum by

the years 1996 and 2010 respectively.

NO, will be released predominantly from the
transportation sector (60 percent) followed by electricity
generating plants (16 percent) and the industrial sector (13
percent). The industrial sector is projected to generate
0.09 million tons by the year 1996 which is slightly higher
than 0.07 million tons, the amount expected to be emitted in
1991. It is also anticipated that the NO, emission will
almost triple the 1991 figure, rising to 0.2 million tons by

the year 2010.

Likewise, the major source of CO9 emission is from the
transportation sector, which accounts for 32 percent of the
total COy9 emissions. Electricity generating plants and the
industrial sector contributed 26 and 23 percent in 1991. The
latter is prbjected to emit 34 and 70 million tqnsAby the
years 1996 and 2010 respectively. However, electricity
generating plants will become the leading source of COjp
emission, followed by the transportation and industrial

sectors by the year 2010,

The industrial sector contributed the greatest amount
of SPM emissions into the environment in 1991, followed by'
the transportation and residential sectors. The industrial

sector generated 0.35 million tons of particulate matter in
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1991, and is projected to generate 0.47 and 1.07 million

tons by the years 1996 and 2010 respectively.
Economic Measures

Industrialization in Thailand has resulted in increased
pollution. Laws and regulations have not yet béen fully
enforced to control industrial pollution due to firms’ lack
of incentives to improve their production processes and use
raw materials that are less harmful to the environment.
Economic measures have been widely adopted as part of
pollution control strategies by many industrialized
countries such as Japan, USA and the EC, and even one of our
neighbor countries, Malaysia. Such measures have made
industrial waste and environment clean-up programs
economically feasible to industrial groups. Cooperation
within industries to accept and enforce such economic
measures can be cultivated through understanding of
environmental impacts resulting from industrialization
which, if left unsolved, would significantly hinder economic

growth in the long run.

The Polluter-Pays-Principle is a policy instrument that/
is self-financing. All environmental clean-up costs would be
incurred by those who generate industrial waste. Firms havé
the option to pay for pollution or to control and hence

minimize their waste by employing less-polluted production
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processes and technologies. Firms will choose to control
their pollution if the pollution charges exceed the control

costs.

The establishment of an environment fund aims at
searching for technical treatment strategies and encouraging
polluters to minimize their waste through provision of
economic incentives. The fund would be used not only to
establish and operate central waste treatment centers, but
also to provide low-cost borrowing funds to small and medium
scale industries unable to gain access to central treatment

facilities.

Pollution charges should reflect clean-up costs which
are estimated to be 1,000 baht per ton of industrial
hazardous waste. To ensure waste delivery, a rebate system
should be applied. In this case 2,000 baht per ton should be
collected one thousand for clean-up an additional thousand
as a deposit). The industry’s deposit would be returned when
the full amount of contracted waste was delivered for
treatment. Hence, 1.2 billion baht would be collected from
the 1991 1level of industrial hazardous waste of 600,000
tons, estimated by Engineering Science (1989). This amount
is only 0.2 percent of the hazardous- waste-generating
industries’ value added, or only 1 percent of the
industries’ profit assuming a conservative profit rate of 20
percent. Of this, 50 percent would constitute an environment

fund for hazardous waste clean-up and the rest would be
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deposited into an escrow account earning interest on behalf

of hazardous waste generators.

For industrial wastewater, the charge of 1,000 baht per
ton of BOD industrial wastewatgr (treatment through a Waste
Stabilization Pond Treatment System) would raise and
contribute 525.2 million baht to the environmeng fund in

1991. This would account for only 1.43 percent of the

wastewater-generating-industries’ value added.

It can be seen that due to the small share of treatment
cost in the industries’ wvalue added and profit, industries
generating hazardous wastes would be able to finance their
own treatment costs. The concept of an environment fund
would therefore not only be the solution to the treatment
problem, but would also create a good public image of
industries themselves contributing to the improvement of

society’s quality of life.

By comparison, natural gas, which is also a domestic
energy source, produces no SOp, only 12 percent of lignite’s
NOy output, and virtually no SPM. Natural gas is also
lowest in terms of COg emission, thus its potential impact
on the environment is lower than that of other fuels.
Lignite is’ preferred to natural gas by the manufacturing
industry, however, because its cost advantage is directly
beneficial to the firm, while its pollution disadvantage is

a social cost that is not paid by the users, but by the



society at large. A pricing system incorporating social
(external) costs into the price of lignite would certainly
curtail lignite consumption and hence reduce its potential
impact on the environment and improve quality of life.

THE FIVE PRINCIPLES OF COST-EFFECTIVE ENVIRONMENTAL

MANAGEMENT

In designing effective policy instruments for
environmental management, the following principles need to

be observed:
1. An Ambient Quality Target

The goal should be to achieve a desired environmental
quality (ambient standard), not a uniform effluent or
emission sfandard or level of waste treatment. " Ambient
quality is the ultimate objective, and can be achieved
through various means; uniform effluent standards is only
one instrument, and rarely the most efficient. The target
ambient quality standard should be specific, monitorable,

and verifiable.
2. The Minimum Cost Principle

The desired ambient quality standard must be attained
through the most cost-effective means, that is, at the
lowest possible cost to the economy. This includes both the

costs to the regulatory agency, such as monitoring and
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enforcement costs, and the costs to industry, such as a
reduction in output and an increase in compliance cost.
This implies that the chosen policy instrument must be
enforceable in the Thai context at a relatively low cost,

and with minimal leakage.
3. The Polluter-Pays-Principle

The chosen policy instrument must be self-financing,
and perceived as equitable. The polluter-pays-principle is
now widely accepted around the world. While the payment is
collected from the industrial producer or land developer,
the ultimate burden (incidence of the pollution or
congestion charge) is shared between the producer and the
consumer in a proportion determined by the elasticity of
demand for the product or service in question. In the case
of an exported commodity sold in competitive world markets
(and therefore facing infinitely elastic demand), the full
burden is assumed by the producer; therefore, his

competitive position may be affected.
4. The Competitiveness Imperative

The policy instrument chosen should not significantly
reduce the overall competitiveness of Thai industry, though
it would unavoidably change the industrial and energy mix in
the medium to long run if it were to be effective at all.

Maintaining competitiveness while controlling pollution

xii



implies the existence of inefficiencies that the chosen

instrument should seek to reduce.
5. Policy Transition

Changing the industrial mix from high- to low-pollution
industries, and the energy mix from high-to low-poclluting
fuels, is one of the desirable outcomes of an effective
pollution control policy. However, structural change takes
time because investments which have already been made, under
"pollution haven" conditions, will take time to depreciate.
Therefore, in the interest of both fairness and efficiency,
allowance for adjustment during the transition period must
be made. The new policy 1is also 1likely to be more
acceptable to industry if it is gradually phased in over an
appropriate period. The stability and predictability of the
policy 1is . critical if industrial investment is to be

gradually shifted from high-to low- polluting industries.
Policy Recommendations

The structural changes in industry and changes in
production materials in the past decade have led to the
emergence of new types of pollution problems. The heavy
concentration of industry, eépecially in the BMR, has
accelerated and intensified the pollution problem.
Presently, air pollution generated by the industrial sector
has become more prominent. The following environmentally

viable policy measures are recommended, based on both the
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economic and other factors currently influencing the

environment.

- Establish an independent, autonomous " Environment
Fund" as an entity to administer pollution charge
collection. The fund could be used to construct amd operate
the central waste treatment center and to provide soft loans

to small and medium scale industries to manage their wastes.

- Create an environmental auditing system as part of
the environment fund operation in order to monitor
industrial waste and gather basic data to be used as a
baseline for determining pollution charges. The
implementation of environmental auditing can be operated
bypp a private consulting firm under the control of an

appropriate agency.

- Enact a law to charge polluters at progressive
rates for the amount of waste produced which exceeds a
certain specified 1level, and vice versa. Charges should
reflect total clean-up costs including construction of
treatment facilities, waste collection treatment and

disposal costs.

- Encourage industries, both existing and newly
entering industries, to adopt waste minimizing production

technologies.
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- Encourage industrial estates to take more active
roles in controlling pollution within their vicinity, taking
advantage of proximity, homogeneity and economies of scale
in monitoring and enforcing the treatment. Consolidation of
small scale industries to estates will therefore minimize

environmental management cost.

- Government policies to decentralize industry into
the rural areas, to reduce congestion in the BMR and to
spread benefits of industrialization, should also take into
account the environmental pros and cons of such policies. A
preferable alternative might be to promote a clusters of
industries with support from the government in identifying
potential locations, and, wherever possible, in developing
the necessary infrastructure for the industrial groups in a

systematic way (an industrial complex).

- The fuel pricing structure should be revised so as
to minimize the pollution problems caused by those fuels
having major environmental impacts, = especially 1lignite.
Moreover, the quality of fuel o0il should be improved by
reducing the percentage of sulfur content from 3.5 to 2.0 in

the short run, and te 1.0 in the long run.
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R1TI9A 2.1
1860 - 1965 1970 - 1974 1975 - 1979 1980 - 1984 1985 - 1989

TSIC [a] Industry Group Share Growth __{Share Growth | Share Growth |Share Growth | Share Growth
311-312 Food 34.5 257 15.3 82 15.6 10 154 8.8 14.9 9
313 Beverage 10.6 10.6 94 8 10.2 174 10.3 93 .. 9.5 . 9.6
314 Tobacco *43 12.1 7.7 7 6.4 4.6 5.6 -1.3 42 6.7
321 Textiles ‘5.2 10.6 11.5 18.5 13.6 124 14 44 14.1 12.7
322 Wearing apparel 8 5.5 92 11.5 8.7 72 9.3 71 10.9 15.8
323-324  Leather products & footwear 0.69 0.6 2.1 4.6 1.9 0.8 22 11.9 2.8 19.3
331 Wood and cork 48 52 3.6 6.9 29 32 1.7 -14 1.2 -14
332 Furniture and Fixtures 1.2 14 1.6 0.7 1.3 7.6 12 44 12 14.1
341 Paper and paper products 0.2 04 14 109 1.3 24.8 1.7 3.1 1.6 11
342 Printing & publishing 32 2.6 14 10.8 1.5 10.8 1.7 8.6 1.5 32
352 Chemical products 6.8 58 3.6 8.7 3.6 13.6 42 73 44 9.7
353-354  Petroleum products 0.01 4.5 7.5 17.5 6.7 49 5.1 28 43 73
355-356 Rubber and plastic products 0.6 0.7 2.6 112 2.7 114 2.5 1.6 2.6 154
361-369 Nonmetal products 2.9 4 4 10.5 37 93 3.8 9 4.1 15.1
371-372 Basic metal industries 04 0.5 2.3 14 1.7 134 14 -4 1.4 43
381 Fabricated products 0.4 0.7 2.7 3.5 2 6.4 1.8 5.3 1.9 13.8
382 Machinery 0.6 1.3 2.8 7.6 29 10.2 42 12.5 3.7 14.7
383 Electrical machinery 0.6 08 1.8 8.9 24 18.7 3 9 33 18.4
384 Transport equipment 54 59 7.2 19.7 7.9 16.3 6.5 -1.3 5.7 26.8
385-390 _Miscellaneous 0.9 1.1 2.3 25 29 15.1 4.6 113 6.6 22.3

Average 10.1 10,9 S4 124
Source;:  National Economic and Social Development Board (New Series).
Notes: Growth rates are computed by following formula:

Growth Rate = 1/t@In(Yn/Yo0)*100
{a] Thailand Standard Industrial Classification
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“TSIC [a]l Major Industry Group End 1969 End 1979 End 1989
311-312 Food 112 4,200 10,099
313 Beverages 3 60 232
314 Tobacco [b] 0 146 . 108
321 Textiles ‘ 30 764 1,793
322 Wearing apparel 4 226 1,989
323-324  Leather products & footwear 5 97 771
331 Wood and cork 59 1,713 3,353
332 Furniture and fixtures 11 405 1,586
341 Paper and paper products 7 162 537
342 Printing,publishing & allied 21 817 1,674
351-352 Chemical products 38 632 1,061
353-354 Petroleam products 2 .21 32
355-356  Rubber and rubber products 35 1,089 2,643
361-369 Non-metalic mineral products 20 635 2,798
371-372  Basic metal industries 6 347 530
381 Fabricated products 98 2,859 6,107
382 Machinery 69 . 2,422 6,141
383 Electrical machinery 9 409 - 1,121
384 Transport equipment 30 1,028 6,553
385-390 Miscellaneous nec. 72 1,659 . 2,370
Total 631 19,691 51,500

Note: These figures are an analy51s of the Department of Industrial Works.
[a] Thailand Standard Industrial Classification.

[b] Tobacco factoncs at that t1me registered-under the Department of Exise,

Ministy of Finance.
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End of End of End of
1969 1979 1989
* Water-polluting 159 5,393 20,221
industries

© Air-polluting , 68 2,241 : 8,120
i industries : :
' Overlapping 16 604 ' 2,106
~ (Air + water industries)
! Sum of Polluting ‘
- Industries 211 . 7,030 26,235
{ )
5 (33%) (36%) (51%)

i
|
i

Note: These figures derived from the Dcpartmcnt of Industrial Works' database.
Factories registered under the Industrial Estate Authority of Thailand .and

Provincial Industry Offices are not included.

A3 2.4 - uan198y GDP %A¢-.amamninmnaliinmiuSsuazanidids

(1972 Prices: Million Baht)

Industry - End of End of
- _ 1979 - 1989

Air-polluting , 65,177 125,108

industry

Water-polluting : 180,648 ' 362,242

industry

Sum of polluting- 245,825 487,350

industries

Total GDP of Industry _ 429,643 918,607




n171dn - 2.5 quaulsesanivaoonng1iie

End of End of End of
1969 % 1979 % 1989 %
Rank 3 42 6.6 625 3.2 935 1.8
Rank2 206 32.7 6,558 33.3 16,120 313
Rank 1 147 23.3 459 25.1 15,571 30.2
Rank 0 236 37.4 7,558 384 18,873 36.7
Total 631 100 19,691 100 51,500 100

A - . . - & -
171 2.6 Janq4av GDP ‘ﬂﬂ‘lqﬁﬁ'mﬂ‘liu Q‘llluﬂﬁ'ﬂlﬂ1ﬁUﬂ’J1u‘!’uﬂ‘i‘l‘lﬂ‘lﬁ‘l‘5Nﬂ

L]
I

F ' L (1972 price: Millio: baht)

Rank End of End of
- 1979 198%

“.
Rank 3 45,396 81,764
11% 9%
Rank 2 43,232 376,108
' 10% 41%
Rank 1 34,770 78,215
8% 8%
Rank 0 306,245 382,521
- 71% 42%
Total ‘ _ 429,643 . 918,607




A11190 2.7  N1T1UTau L ABUNE AR ANIANUTINTLTIBINGN (311 ol 1 2531)

Fuel Type: Cost / Unit Baht Per Tons of Emission / Tons of Fuel in KTOE |
KTOE (x 1000) SO2 NOx co2 SPM
Coal 1785 B/t 2,859.71 1526 16.06 3,702.20 89.92
Lignite 550 Bt 1,261.64 68.47 2795  3,692.30 167.69 .
LPG 99 B/kg 8,483.15 0.01 1.98 12,980.30 0.05 i
Distill (HSD) 6.2798 B/ 7,285.32 1973 4.4 2,978.90 0.58
Fueloil 2.9898 BA. 3,176.55 - 60.59 7.02 2,979.00 3.21
NG 70 BMTU 2,834.71 0.00  3.31 2,129.80 0.06
Fuel Wood 0.7 B/ksg 1,849.50 132 318 4,045.60 10.58 :
Bagasse 0.27 B/kg 1,513.96 1.69  3.37 4044.60 = 4494

Source:  Thailand Development Research Institute (TDRI) , (1990).
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Notes: (1) and (2) are classified in accordance with the Department of Industrial Works

Rank €] @ 3) 4) ()

. Water Air Over- | Others Total

Pollution Poliution lapping -
Rank 0 5,153 3,564 L 506 10,662 18,873
Rank 1 4,360 779 ‘ e 10,432 15,571
Rank 2 10,417 3,388 1,340 3,655 16,120
Rank 3 291 389 260 516 936
Total 20,221 8,120 2,106 25,265 51,500
. Source: Analysis of the Department of Industrial Works Data ~

Ordinance No.-147/1989; (3) is - the number of overlapping industries between

(1) & (2);
(4) is industries-which are not classified as (1) or (2); and

(5) [(1)+(2)] (3)+(4)



A1319%  2.9° U3y BOD mlasuainamamnisuunasusziom (1 2529)

BOD

TSIC [a] Industry (Tons)
311-312  Food 288,786
313 Beverages 203,468
314 Tobacco 0
321 Textiles 8,408
322 Wearing apparel 3
323-324  Leather products & footwear 0
331 Wood and cork ' 1,409
341 Paper and paper products 11,463
342 Printing, publishing & allied 0
351-352  Chemical products 2,138
353-354 Petroleam products : 0
355-356 Rubber and rubber products 548
361-369 Nonmetalic mineral products 11
371-372 Basic metal industries 0
381 Fabricated products ' -0
382 Machinery 7 0
383 Electrical machinery * 0
384 Transport equipment - 38
385-390  Miscellaneous nec. 109
Total 516,381

Source:  Department of Industrial Works (DIW).
Note: - -[a] Thaiiand Standard Industrial Code.

.y .
3



0Z-¢

A1 210 s mb luwhPig1endn
Standard 1987 1938 1989
. River. Total Total Total Total
DO | BOD Coliform J DO | BOD Coliform DO {"BOD Coliform DO { BOD Coliform
(mg/) (mg/D)] (MPN/100mi) (mg/i) (mgAY (MPN/100mi)| (mg/L] (mg/L] (MPN/100mLY (mg/L) (mg/L] {MPN/100mL)

Chao Phraya

Upper 6 1.5 5.000 5.7 1.6 8,000 5.2 1.7 8.200 5.8 1.0 18,666

Middle 4 2 20,000 3.0 1.8 29,000 34 1.8 13,000 24 24 35,000

Lower 2 4 NA 0.3 4.0 71,000 0.8 38 242000 0.2 2.8 705,000
Thachin :

Upper 6 1.5 5,000 5.1 2.7 91,666 5.0 20 24,000 5.0 291, 24 000

Middle 4 2 20.000 1.0 2.4 93,500 1.6 28 160,500 1.6 26 240,000

Lower 2 4 NA 0.6 4.0 92,400 0.5 36 164,000 0.8 2.7 161,000
Mac klong 4 2 20,000{* 5.0 22 53.300 5.1 18 23,100 53 20 25,800
Bang Pakong 4 2 20,0001 3.7 1.3 9.680 3.6 1.7 9314 4.1 1.2 9 800

Source: National Environment Board (1990).
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(Tons Unless Indicated Otherwise)

Industry [a] 1989 [bl 1991 1996 2001 2006 2010
Number Worker
Sugar [c] 508 30,443 153,740 153,740 153,740 153,740 153,740
Pulp & paper 234 17,849 102,711 161,991 233,460 331,051 443,955
Rubber 44 10,381 96,526 137,525 177,664 225,155 276,039
Beverages 31 17,376 91,277 130,947 171,303 220,496 273,656
Tapioca [c] 142 14,249 40,245 40,245 40,245 40,245 40,245
Slaughter 57 5,018 15,482 18,211 19,575 20,702 21,957
Canned fish & crustaceans 50 5,902 10,910 15,619 20,432 26,300 32,641
Tannery 143 1,627 10,628 20,863 40,341 78,353 136,258
Canned pineapple [d] 131 51,597 3,716 4,642 5,299 5,952 6,625
Total 1,340 154,442 525235 683,783 862,059 1,101,995 1,385,115

i

Note: [a] Grouping of related industries under industrial classification (TSIC) which include

variety of end products

[b] Data taken from the Department of Industrial Works database.

[c] Due to the limitation of available plantation area, it is assumed that
sugar and tapioca products will not be increased after 1991.

[d] Number of factories and workers represents all canned fruit & vegetables industries.
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Waste Type ‘ Hazardous Waste Quantity (Tons/Yr)
1986 1991 1996 2001
Oils ’ 124,194 219,467 387,893 686,358
Liquid organic residues 187 311 522 876
Organic sludge & solids 3,737 6,674 11,951 24,533
Inorganic sludge & solids 11,698 19,254 32,043 54,080
Heavy metal sludge & solids 823,869 1,447,590 2,536,030 4,418,030
Solvents 19,783 36,163 66,532 124,306
Acid wastes 81,054 125,428 196,510 311,714
Alkaline Wastes 21,952 34,235 54,024 86,198
Off-spec products 12 25 52 107
PCB . * * ’ * ’ *
Aqueous organic residues 116 242 499 1,037
Photo wastes 8,820 16,348 30,398 57,809
Municipal wastes 7,231 11,787 19,090 31,093
Infectious wastes 46,674 76,078 123,219 200,699
Total : 1,151,729 1993602 3.458,763 5,993,840

Source: Engineering Scince Inc. et al.(1989). ,
Note:  * Assumes no PCB materials are imported into Thailand after 1975.
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+ _Hazardous Waste (Tons/Yr)

Hazardous Waste 1991 % 1996 % 2001 %
Generator Group Generated Generated Generated
Manufacturing 1,904,459 95.54 3,314,600 95.83 5,759,571 96.09
Municipal solid waste 11,787 0.59 19,091 0.55 31,093 0.52
Elecuical utilities b 0.00 X 0.00 X 0.00
Hospital & laboratories 76,078 3.82 123,219 3.56 .. 200,699 3.35
Coal & lignite based 1,278 0.06 1,854 0.05 2,471 0.04

Total - 1,993,602 - 100.00 3,458,763 100.00 5,993,840 100.00

Source: Engineering Science,Inc. et al. (1989),
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Yy Unit ;

TSIC [a] Industry Oils Liquid ! : Organic Inorganic Heavy Met. Solvent Acid  Alikaline Off Spec. PCB Aqueous  Photo Total
Organic *  Sludge Sludge Sludge Waste Waste Prod. Organic  Waste
371-372 Basic metal industry 0 0 0 0 1,310,720 0 0 0 0 0 0 0 1,310,720
381 Fabricated products 1,860 0 0 6,991 80,305 831 80,868 20,838 0 0 0 0 191,693
384 Transport equipment 102,663 0 0 2209 0 5,397 660 0 0 o0 0 0 110,929
383 Electrical machinery 1,261 0 0 3,166 35,463 778 36,686 9,500 0 0 0 0 86,854
351-352  Chemical products 27,462 2311 4,830 1,540 17,656 3984 5,822 3,311 25 0 242 0 65,183
382 Machinery 44340 0 0 281 0 6,364 6 288 0o 0 0 0 51278
321 Textiles 30,702 0 0 0 0 0 0 0 0 0 0 0 30,702
342 Printing, publishing, allied 0 0 1,342 0 0 8,652 0 0 0 0 0 16348 26342
356 Rubber-rubber products 7,869 0 0 0 0 6,950 0 0 0 0 0 0 14,819
341 Paper and paper products 2357 0 75 0 0 2,870 0 0 0 0 0 0 5301
353-354 Petroleum products 930 0 427 1,224 1,031 327 0 0 0 0 0 0 3,939
385-390 Miscellaneous nec. 23 0 0 92 . L1317 10 1,386 298 0 0 0 0 2,946
132 Fumiture - fixwures 0 0 0 2,678 0 0 0 0 0 0 0 0 2,678
331 Wood - cork 0 0 0 1,076 0 0 0 0 0 0 0 0 1,076
361-369 Nonmetallic mineral 0 0 0 0 0 0 0 0 0 0 0 0 0
33 Beverage - - 0 0 0 0 0 0 0 0 0 0 0 0 0
322 Wearing apparel 0 0 0 -0 0 0 0 0 0 0 0 0 0
314 Tobacco - ) 0 0 0 0 0 0 0 0 0 0 0 0 0
323-324  Leather prod. - footwear 0 0 0 0 0 0 0 0 0 o0 0 0 0
311312 _Food 0 0 0 1] 0-- [} 1] 0 0 0 0 0 0
Total — 219.4671 31 6674 19.254 1.446312 36.163 125,428 34235 25 0 242 16348 1.904.459

Source:  Engineering Science,Inc. et.al. (1989).
Note: [a] Thailand Standard Industrial Classification.
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Unit : Tons
TSIC [a} Industry QOils Liquid Organic Inorganic Heavy Met. Solvent  Acid  Allkaline Off Spec. PCB  Aqueous Photo Total
. Organic Sludge Sludge - Sludge Waste Waste Prod. R(zrganic Waste
: siducy
371-372 Basic metal industry [ 0 0 0 2,298,095 0 0 0 0 0 0 0. 2,298,095
381 Fabricated products 2937 - ) .0 0 9,955 126474 1,167 115,801 29,451 0 0 0 (] 285,785
384 Transport equipment 175362 ' -.' 0O 0 3,827 0 9197 1152 1,155 0 0 0 0 190,693
383 Electrical machinery 2,234 0 0 5,671 70,923 1,225 66,268 16,633 o 0 0 0 162,954
351-352 Chemical products 55,906 522 8,456 2,210 34,057 6473 10,397 5,700 52 0 499 0 124,333
382 Machinery 77,005 0 0 504 0 1,112 10 500 0 0 0 0 89,131
321 Textiles 53,784 0 0 0 0 0 0 0 0 0 0 0 53,784
342 Printing, publishing, allied 0 0 2,761 0 0 17,708 0 0 0 0 0 30,398 50,867
356 Rubber-rubber products 14,792 0 0 0 0 14,096 0 0 0 0 0 0 28,889
341 Paper and paper products 4,123 0 132 0 0 4951 0 0 0 0 0 0 9.207
353-354  Petroleum products 1,696 0 602 2,242 2,074 581 0 0 0 o0 0 0 7,195
385-390 Miscellaneous nec. 51 0 0 207 2,553 22 2,881 585 0 0 0 0 6,300
332 Fumiture - fixtures 0 0 0 5474 0 0 0 0 0 0 0 0 5474
331 Wood - cork -0 0 0 1,893 0 0 0 0 0 0 0 0 1,893
313 Beverage 0 0 0 0 0 0 0 0 0 0 0 0 0
311-312 0 0 .0 0 0 0 0 0 0 0 0 0 0
322 Wearing apparel 0 0 0 0 0 0 0 0 0 0 0 0 0
361-369 Nonmetallic mineral 0 0 0 0 0 0 0 0 0 0 0 0 0
314 Tobacco 0 0 0 0 0 0 0 0 0 0 0 0 0
. -f L. 0 Q0 0 0 0 Q 0 0 1] Q 0 1] 0
Total 387.893 522 11951 32043 2534176 _ 66,532 196,510 54.024 52 0 499 30398 3314600
Saurce:  Engineering Science,Inc. et al. (1989).

Note:

[a] Thailand Standard Industrial Classification
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Unit; Tons
TSIC [a] Industry Oils Liquid Inorganic  Heavy met. Acid  Alkaline Offspec. PCB Aqueous Total
Organic Sludge Sludge Waste Waste
371-372  Basic metal industry 0 c* 0 0 4070027 0 0 0 4,070,027
381 Fabricated products 3,829 Cc 0 14,259 165,971 165,888 42248 0 0 393,896
384 Transport equipment 297733 0 5,397 0 1,631 1,632 0 319,147
383 Electrical machinery -, 044 0 10,194 116,809 119,494 29,876 0 0 282,699
351-352  Chemical products 103,883 876 3,141 54,705 18,505 - 9,987 107 0 217,566
38 Machinery 141,873 0 2,130 0 382 1,22t 0 o0 0 166,627
342 Printing, publishing, allied 0 0 0 0 0 0 0 0 0 100,432
321 Textiles 95,558 0 0 0 0 0 0 0 0 95,558
356 Rubber-rubber products 29,048 0 0 0 0 0 0 0 0 58,159
341 Paper and paper products 7,345 0 0 0 0 0 0 0 0 16,462
385-390 Miscellaneous nec. 110 0 429 4,798 5,814 1,235 0 0 0 12,431
353-354 Petroleum products 2,936 0 3,825 3242 0 0 0o 0 0 11,861
332 Fumiture - fixtures 0 0 11,381 0 0 0 0 0 0 0 11,381
331 Wood - cork 0 0 3,324 0 0 0 0 0 o 0 3324
313 Beverage 0 ;0 0 0 0 0 0 0 o 0 0
311-312  Food 0 0 0 0 0 0 0 0o o 0 0
322 Wearing apparel 0 0 0 0 0 0 0 0 0 0 0
361-369 Nonmetallic mineral 0 0 0 0 0 0 0 0 0 0 0
314 Tobacco 0 0 0 0" 0 0 0 0 0 0 0
323-324 L eather prod, - footwear 0 0 0 0 0 0 0 0 0 0 1]
Total 686,358 876 34,080 4415553 124306 311714 86.198 1070 1.037 375957

Source:
Note:

Engineering Science,Inc. et.al. (1989).
[a] Thailand Standard Industrial Classification.
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Region 1978 1981 1984 1987 1988 1989

Greater Bangkok 54.15 52.03 52.62 54.31 52.24 51.91
Central 20.03 19:50 18.20 16.42 16.86 16.82
North 7.44 7.99 8.92 9.22 - 9.56 10.00
Northeast 11.42 12.99 12.66 12.64 14.18 14.10
South 6.96 7.49 7.60 7.40 7.15 1.17

Total a : 100.00 100.00 _ 100.00 100.00 ~ 100.00 100.00

Source : Computed from data of Factory Control Division,Ministry of Indus?ry
Note  :a Excluding rice mills. ’

2-2717



"171M 2.18 q"m'mﬁnuqnﬂ'mnﬁu'lmn 1'sﬁnuqnﬂ MnNITY

Industrial Estate Year " Province Land No. of
Operational _ Area Factories
(bv Region) ' (Rai) ~ (Year-End 1989)
BMR ’ :
Bangchan 1972 BMA ' 510 68
Bangpoo 1 [a] 1977 Samut Prakan 2,881 152
Bangpoo 2{a] - 1978 .~ Samut Prakan 24
Ladkrabang 1,2 1983 = BMA 949 ' 79
Bangpli 1984 Samut Prakan 797 77
Ladkrabang 3 [a) 1989 ©  Bangkok . 1,769 13
Samut Sakhon Inprocess ~ Samut Sakhon 1,000 .
Central - ) -
Laemchabang 1989 °  Chon Buri 3,410 4
Map Ta Put 1989 Rayong 5,030 12
Chon Buri ' 1991 Chon Buri - 1,208 -
‘Well Grow o 1991 Chachoengsao -~ 2,160 -
~ North : ‘ : ‘ o
Northern 1985  Lumpoon 1,142 42
South _
Kanchanavanich 1989 . : ' 340 s
Phuket In process Phuket 500 -

Source: Industrial Estate Authority of Thailand , Board of Investment.
Note:  [a] Private'industrial estate operated by the Industrial Estate Authority of Thailand.
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ﬁu‘mﬁnuqﬂﬂ‘mnﬁmaniu, {(nf137% 1980)

‘Industrial Estate  Year Province Land No. of
- Operational Area Factories
(by Region) ' : (Rai)  (Year-End 1989)
BMR
Navanakorn 1984 Pratumthani 7,245 161
Bangkradi 1988 . Pratumthani 954 40
Maboonkrong 1988 Samut Sakhon 1,410 -
Emthai 1988 Samut Prakan 826 -
. Minburn 1988 Bangkok 570 n/a
Central : :
Rojana 1987 Ayuthaya 820 ¢ -
Sriracha 1988 Chonburi 599 40
Bangprakong 1989 Chonburi 216 -
Northeast
___Suranaree 1987 Nakhon Ratchasima 530 n/a

Source: Thai Factory Development Company Limited , Board of Investment.
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# Riveror Area Name No. of Factories Flow BOD Load
(1,000 cu.m.) (Tons)
1 Bang Pakong 135 13,997 86,761
2 Chao Phraya 351 53,224 81,426
3 East Coast Gulf 123 16,345 80,427
4 Mun 84 7,350 75,867 .
5 Thachin 376 166,757 56,033
6 Mae Klong - 22 47,741 48,910
7 Ping 17 125,087 30,254
8 Nan 19 101,866 21,819
9 Chi 32 18,015 19,106
10 Khong 55 1,532 7,091
11 Prachinburi 27 281 _ 4,618
12 Wang 13 1,517 3,719
13 Yom 5 102 296
14 Kok 2 18 55
" Total 1,311 553,833 516,381

Source: Department of Industrial Works
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YTumnnd1Twe (LenmuTIEnIn)

Upit ; Metric Tons

" Region

1986

% 1991 % 1996 % 2001 %
BMR 817,084 71.09 1,413,701 70.91 © 2,447,943 70.78 4,236,332 70.68
Central 183,950 16.01 322,252 16.16 563,481 . 16.29 982,063 16.38
North 75,706 6.59 132,247 6.63 230,580 6.67 400,713 6.69
Northeast 14,488 1.26 24,557 1.23 41779 1.21 71,615 1.19
South 58.096 5.05 100,845 5.06 174 980 5.06 303,117 5.06
Total 1,149.324 100.00 1,993,602 100.00  3.458,763 100.00 5,993,840 100.00
Sowrce: Engineering Science,Inc,et al. (1989). -
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No. Province Basic  Fabricaled Transport  -Electrical Chemical Total
Metal Products Products Machinery  Products
1 Bangkok 67 4,252 2,300 811 -555 7,985
2 Samut Prakan 89 537 302 125 174 1,227
3 Samut Sakhon 18 154 89 20 46 327
4 Udon 3 60 181 11 2 257
5 Nakhon Raichsima 2 54 180 8 5 249
6 Nonthaburi 1 84 100 23 34 242
7 Kanchanaburi 0 29 168 24 9 230
8 Khon Kaen 1 48 149 8 10 216
9 Nakorn Pathom 9 48 84 ’ 37 189
_10 Petchabun 0 22 146 16 0 184
Total 10 provinces 190 5,288 3,699 1,057 872 11.106
Total 73 provinces 223 6.235 6374 1.204 1.090 15,126
Share of top ten :
provinces (%) 85.2 84.8 58.0 82.8 80.0 734
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| Total SO2 Emission by_ Secto[]

b

Tons of Emission
(Millions)

o o © o
P > @ @

o
1979 1981 1986 1988 1991 1996 2001 2006

2011
-« -- industry —e Agriculture  —%— Res & Comm
—8— Transpot  —¥— Power-Gen —=— Relineries
i’ (Unil : Tons/Year)
Sector 1979 1981 1986 1988 1991 1996 2001 2006 2011
Industry 111,390 99,901 106,644 145,468 208,548 279,736 385,038 570,149 854,430
Agriculture 19,143 18,379 16,514 15,455 31,509 18,278 21,126 24 461 28,354
Res. & comm. 6,652 7,007 7.256 7,250 5435 5,213 5,553 6,087 7315
Transportation 10,023 - 14475 96,073 127,512 163,834 146,774 195,625 256,545 342,393
Power generation 177,763 212,205 206,816 245.340 547,877 815,637 1,557.034 1,681,241 1922519
Refineries 11,042 9,894 10,502 11,134 13,791 31,483 31,483 31,483 31,483
Total 336,013 361,861 443805 552,159 970994 1297421 2195858 2.569.966 3,186493

WHOLE REGION - )
BASE CASE
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UFumlulnTisusanled (No,) Wuaassinnintnsusianien

! Total NOX Emission bz Sedo:l

1.47
1.2
c H
§
‘E @ 0.8
53
B2 o
5
S ¥
02y = N T -
o 1979 1981 1986 1988 1991 1996 2601 2006 2011
=== - Industry =% Agriculture ~—%— Res & Comm
—8— Transpot  —¥— Power-Gen —#— Refineries
’ : : __(Unit : Tons/Year)
Sector 1979 1981 1986 1988 . 1991 1996 2001 2006 2011
Industry 26,359 25463 33,373 43236 70,429 98,372 126,329 173,168 241,870
Agriculture 5,153 5,028 4,624 4,358 8,885 10,182 11,769 13,627 15,796
Res. & comm. 36,470 - 36,250 37,428 37,545 ¢ 26,375 23,171 22,796 22,876 25,522
Transportation - 115,726 118,135 199,365 267,333 344,328 532,186 709,316 930,206 1,241,483
Power generalion 23,689 29,704 34,543 47,348 86,818 129,396 - 227,354 242,387 547,937
Refinenes 1,640 1,470 1,560 1,654 . 2,048 4,676 4,676 4,676 4,676
Total 209037 216,050 310.893 401475 538884 797,983 1,102,240 _1.506939 2.077,283
WHOLE REGION
BASE CASE
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LTotal CO2 Emission by Sectog

180
1601
1401
5 120
4
€ 1001
w
5 80
[0
S 60
40-
20 il ~ \
1979 1981 1986 1988 1991 1996 2001 2006 2011
=== Industry =® Agriculture —® Res & Comm
| & Transpont —¥— Power-Gen —*&— Refineries
' : (Unit : Million Tons/Year)

Sector 1979 1981 1986 1988 1991 1996 2001 2006 2711
. Industry - 14.262 13.458 16.365 18.187 25.282 33.897 41.049 52.488 '69.607
. Agriculture 3.096 » 2.983 2.608 2.465 5026 5759 6.657 7.207 8.934

Res. & comm. 19.200 19.183 20416 20.886 15.496 14.803 15.660 16.993 20.195.

Transportation 12.521 12.705 20.880 - 27.453 32224 51.372 68.471 89.793 119.84}

Power generation 7925 . 9.923 11481 16.252 20.780 43,293 70.014 - '109.874 166.929

Refineries 1.085 0.973 1.032 1.094 1.356 3.095 3.095 3.095 3.095

Total 58.090 59.225 72783  86.338 111.163 152,219  204.945 279950  388.601

WHOLE REGION

BASE CASE -

.y .
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! Total SPM Emission bx Sectog
1.2

by

Tons of Emission
(Millions)
o o
Q .

o
&

»
’

’

’
’
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0.21
: i 3 % .8 & &

1979 1981 1986 1988 1991 1996 2001 20068 2011

-~ - |ndustry ~% Agriculture —%— Res & Comm

—8- Transpot  —¥- Power-Gen =% Refineries

(Unit : Tons/Year)
Sector 1979 1981 1986 1988 1991 1996 2001 2006 2011
Industry 90,550 90,624 158,780 207,020 351451 473,907 588,183 778,771 1,071,318
Agriculture 1,526 1,577 1,748 1,639 3,341 3,828 4,425 5,124 5939
Res. & comm. 190,767 189,717 198,455 195,544 128,067 99,076 85,081 70,948 65,184
Transportation 52,081 49,029  69.493 92,000 120,174 175284 233,624 306,378 408,902
Power generation 9952 11,578 19,961 17,640 16,757 28,842 39,729 34,631 43,292
Refineries 594 532 565 599 742 1,694 1,694 1,694 1,694
Total 432,316 458478 609.718 842319 620532 782,630 952736 1.197.546 1596328

WHOLE REGION . . ‘ :
BASE CASE
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i

!SOZ Emission frorﬁ Industrial Sectog
500

i v
! 4501 ‘ ‘
4007
c %0‘ 'l'
Q Y 4
Z T (6, ;‘). i
:‘; 8 2501 o ! !
-’ i
2 ém L VL R I .
5} . PR .
F 150 Lo - ! i
---- . -
100J e - - . 7
' __.___,..—r"' ' .
501 g~ O o
ol z e— A|-.==i:::'::-ﬂ e
1988 1991 1996 . 2001 = 2006 2011
=~ BKK - Central -% North '

\ ~&~ Northeast —— South

‘Region 1988 % 1991 % 1996 % 2001 % _ 2006 .% 2011 %

“BMR 83,845 58 108,784 52 146,822 52 208,663 54 315210 55 476,586 56
Central 32,779 23 55417 27 70,066 25 91,151 24 132912 23 19/ 363 23
North 12068 8 23,084 11 38298 14 55624 14 84641 15 135389 16
Northeast 8,785 6 11,549 6 14355 5 17859 5 23,186 4 30398 4 .
. South 7907 5 - 9709 5 10335 .4 12426 3 14918 3 18808 2
_Total_ 145384 J00 208.543 100 279.976 100 385423 100 570,867 100 855.544 100
—= : ,.
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!COZ Emission irbm Industrial Secloﬂ ,
40+ =

(R

e B, e,

5 V 354 R ‘
301 -

| =y . P

Ks) e

8B . 257 R

€2 e

- 2 201 i .

(¢} 3 ““““ i . s ] ’)‘

2 = 15J “""‘— . —’ﬁ ’

‘_o— .... Lo " _ . d"’ 'fv c-
: 0] = L
‘. 5-

\ ;

0 T —r— — — T ——
- 1988 1991 1996 2001 2006 , 2011
-=-- BKK -e- Central —%— North ‘
, -8~ Northeast —%— South ‘ }
|
1 ¥ -
t . | i

:chion 1988 % 1991 % 1996 % 2061 % 2006 %o 2011 %
{BMR 10,217,317 56 13,771,609 54 18,516,918 55 22,775,503 55 2_9.‘279,028 56  38910,667 56
[Central 3902476 21 6,087,533 24 8.510,385 25 10285749 25 13,224,034 25 17,372479 25
‘North \ 1,431,851 8 2,201,686 - 9 3,241,718 10 4,179912 10 © 5,751,795 11 8,535,255 12
‘Northeast 1,301,154 7 1,625722 6 1903480 6 2021255 5 2,285034 4 2,630,525 4
South 1329467 .7 1582810 6 1728288 5 1804994 4 1978467 4 2218061 3
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Total 18,182,265 °100 25,269,360 100 33.900.789 100 41,067,413 100 52,518.358 100 69.666.987 100
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_ [NOX Emission from Industrial Sectod
120

. lF
100+
S B0
Q L ]
= A
7 g
w3 60 //
*aé - -
8 ”~
=401 e
zo—v
—
MY 1991 1996 2001 2006 2011
- = BKK =~ Central %~ North
» ~8— Northeast —%— South '
Region 1988 % 1991 % 1996 % 2001 % 2006 éb 2011 %
BMR 20,003 46 31,179 44 41685 42 54808 43 78,083 45 109,255 45
Central 13,215 31 22,336 32 29,503 30 37,630 30 53,904 31 74,962 31
North 3,185 7 8,110 12 16,995 17 23,223 18 29,270 17 45,146 19
Northeast 2,548 6 3,592 .5 4884 35 5444 4 6,554 . 4 7405 3
South 4261 10~ 5,163 1 5484 6 57262 3 6,501 4 7226 3
Total ~.43.212 100 70380 100  98.551 100 126.867 100 174312 100 243994 100
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!SPM Emission from Industrial Sectog
450
’F
l' ‘

4001
350
§ 300
2%
‘E 2 250
w 3
S 2 2001
2 E
2 150
1001 -
501
c Ly U L4 ¥ LS L
1988 1991 1996 2001 2006 2011
-=--BKK = Central —%— North
—&— Northeast —¥— South
Region 1988 % 1991 % 1996 % 2001 % 2006 % 2011 %
BMR 89,174 43 153,114 44 190476 40 235217 40 323962 41 432159 - 40
Central -~ 74,551 36 124,184 35 158,377 33 198,145 33 285,398 36 392,281 36
North 11,373 5 35,748 10 85,828 18 116,651 20 131,825 17 21,608 19
Northeast 10,372 5 12842 4 14855 3 -15,543 317,022 2 19,486 2
South 21438 10 25.271 7 25713 ) 26,798 5 29.499 4 33.438 3
475,249 100 592354 100 787,706 100 1.087972 100

Total 206908 100 351,159 100

..\,,’
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R17I97 3.1 wibaemIsAunasuasanIndsnielfnanlIveuandmniTe (2532)

Division ) No. of Staff t in DIW t in MOI
Office of Secretary Department 49 - 7.01 1.09
Budget Division 42 6.01 0.94
~ Industrial Control Division 153 . 21.8%9 3.41
Office of Machinery Registration 53 7.58 . 1.18
Technical and plaH;ing Division 37 5.29 . 0.82
Industrial Inspection Division 89 12.73 1.98
Industrial Environment Division 114 16.31 2.54
Investment Services Center 29 4.15 0.65%
Office of Hazardous Substances 40 5.72 0.89

Office of Industrial Service &

Waste Treatment 29 4.15% 0.65
" Industrial Security Division 64 9.16 1.43
Total 699 100.00 15.58

Source: Department of Industrial Works (1989).

-
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17190 3.2 nnnn"ni'vuaa:mumuﬁ'm:mnnamnmw(2532)

Department No. of Staff | %
Office of the Permanen( Secrefary 951 21.20
Department of Mineral Resources 1,814 40.45
Department of Industrial Works - 699 15.58
Thai Industrial Standards Institute 392 8.74
Department of Industrial Promotion ' 629 ' 14.02
Total 4,485 100.00

Source: Ministry of Industry (1989).
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%1314 3.3 1=ﬁun1sﬂnu1qnna1ni'lum:munﬁa'mmm (2532)

No. of , Educational Background
Department in MOI Staff Engr. Econ. Bus. Adm. Other *
' B >B| B >B| B >B| B <B >B
Office of the 916 198 20 0 U 46 1 40 11 1
Permanent Secretary
Department of - 570 42 15 AU 6 29 Bi 204 28 29
Industrial Promotion '
Department of 666 | 13 41| 1 1] 26 1| 254 M2 0
Industrial Works '
Thai Industrial 1 410 149 26 8 1 8 2 101 95 20
Standards Institute -
Department of 1,843 592 207 - - - -1 1,044
Mineral Resources

Notes * Other than Engineering, Economic, Business Administration and those
below bachelor’s degree.
** Approximate Burber only

B = Bachelor’s Degree

Source: Ministry of Industry (September 1988).
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111190 3.4 NUUTSHIMIRYUUNAINNIMTa L nau m"nnqmi';av1un1a‘lﬁnszan.eﬂ?mna- (ESE5-25632)
Ministry of Industry
Fiscal | Office of the Department of | Departmentof | Departmentof | Thai Industrial
Year | Permanent Mineral Industrial Industrial Standard
Secretary ‘Resources Works Promotion Institute
Million Million Million Million’ Million
baht  %growt| babt % growt| baht Zgrowt| baht Zogrowt| baht % prowt
1982 665 -1 5350 - 310 - 736 -1 =260 -
1983 796 1971 57190 82 436 178 835 130 320 231
1984 886 113 5984 34 512 N2 8§ 491 340 63
1985 889 03 5640 5.7 517 091 827 -5.6 335 -15
19861 1046 1771 5600 0.7 569 -14 886 11 365 9.0
1987 1304 47| 516 39| 587 720 930 500 312 19
01988 | 1846 416 6229 157 6338 1721 175 263 443 19.1
19891 2752 491| 8146 308 936 60| 1274 84 531 199

Source: Ministry of Industry (1989).
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Cost of Treatment

Risk Reduction

Waste  Relative  Exposed  Environmental

Risk Population  Risk Factor(c) . Baht 1,000 Per Mill  Rank
Hazardous Waste Type Tons(a)  Factor __ Million(b) per ton Baht of Baht
Oils 219,467 1 57 13,000 637 139822 100 9
Liquid organic residues NH 21 1 17 0 577 12 0 12
Liquid organic residues H 290 1,000 17 5000 8343 2419 2,100 6
Organic sludges - NH 1,563 1 16 0 hY¥ 002 0 11
Organic solids NH 1,759 1 16 0 8343 14675 0 11
Organic sludges and solids H 3,352 1,000 16 54,000 8.343 27.966 2.000 7
Inorganic sludges and solids 19.254 1 42 1,000 146 2.811 500 8
Heavy metal sludges & solids 136,810 10,000 13 17,785,000 158 21616 823,000 1
Solvents - H 6,806 100 4] 28,000.. 1976 13449 2,100 6
Solvents - NH 29,357 10 4] 12,000 3,195 93,79 100 10
Acid waste 125,428 100 32 401.000 257 32235 12,500 4
Alkaline wastes 34,235 100 33 112,000 77 2,636 42 800 3
OIf spec products 25 1 7 0 2907 73 0 11
PCB 247 10,000 11 27,000 * * * *
Aqueous organic residues 242 100 10 0 146 35 0 11
Photo wastes 16.345 100 52 85,000 54 883 96,300 2
Municipal wastes 11,757 1 75 1,000 2410 28334 10 10
Infectious wasies 76,0175 100 57 434 000 577 43.895 9,9 3

Total 683.003 - - - 626 427.620 - )

* Thailand has stopped importing PCBs, since 1985. PCB waste from past imports is currently sent abroad for treatment.

H = halogenated
NH = nonhalogenated
(a) Estimated quantities in 1991

(b) 1991 population in provinces where specific waste type is being generated

(c) Waste quantity x relative risk factor x exposed population/1,000 rounded off to nearest 1,000.

Sowrce : Engineering Science,Inc,(1989)
.
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1) (2) 3 4) (5) (6) (A)]
No. River Name DQ. Std. No. of Flow  BOD Load 70% Treatment
of River DO  Factories 1000 Cost of Residual
cu.m Treatment BOD
(mg/M) __ (mg/) (Per Year) (Tons/Yr) (MillionB.)  (Tons/Yr)
1 Bang Pakong 4 135 13,997 86,761 86.76 26,028
2 Chao Phraya 0.3 2 351 53,224 81,426 81.43 24,428
3 East Coast Gulf 123 16,345 80,427 80.43 24,128
4 Mun 3 84 7,350 75,867 75.87 22,760
5 Thachin <2 2 376 166,757 56,033 56.03 16,810
6 Mae Klong >4 22 47,741 48,910 4891 14,673
7 Ping 17 125,087 30,254 30.25 9,076
8 Nan : 19 101,866 21,819 21.82 6,546
9 Chi 82 18,015 19,106 19.11 5732
10 Khong 55 1,532 7,091 7.09 2,127
11 Prachinburi 27 281 4,618 4.62 1,385
12 Wang 13 1,517 3,719 372 1,116
13 Yom 5 102 296 0.30 89
. 14 Kok 2 18 55 0.06 16
" Total 1,311 553,833 516,381 516.38 154,914
Source: Department of Industrial Works, Office of the National Environment Board(1986),
Department of Health (1986).
Note: (3) This amount of load covers only factories under monitoring scheme of

the Department of Industrial Works.
(6) Assuming cost of treatment at 70 % efficiency = 1000 baht / ton.
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a3l 4.3 awhilauhifeannqugasinnssunszdvdscinBansasaz 70

Industry 1991 1996 2001 2006 2010
Sugar 153.7 153.7 153.7 153.7 153.7
Pulp & Paper 102.7 162.0 2335 331.1 4440
iRubber 96.5 137.5 1771 2252 276.0
Beverages 913 1309 171.3 220.5 273.7
Tapioca 40.2 40.2 40.2 40.2 402
Slaughter 15.5 182 19.6 20.7 20
Canned Fish & Crustaceans 109 156 204 263 326
Tannery 10.6 209 40.3 784 1363
Canned Pineapple 37 46 5.3 6.0 6.6
SUM 5252 683.8 862.1 1,102.0 1.385.1
Note: Assume that waste stabilization pond system is employed
with a cost of 1000 Bht/ton BOD at 70 % efficiency.
ans19fl 4.4 asuhiieud tdees GDP UBIYATINNS S
€3)
Industry e 1991 1996 2001 2006 2010
Sugar 4.75 3.16 230 1.70 1.32
Pulp & Paper 4.02 402 4.02 4.02 4.02
Rubber 2.04 1.75 1.51 130 1.15
Beverages 0.63 0.63 0.63 0.63 0.63
Tapioca 7.56 492 3.51 2.54 1.94
Slaughter 0.85 0.85 0.85 0.85 0.85
Canned Fish & Crustaceans 0.17 0.17 0.17 0.17 0.17
annery 0.82 0.82 0.82 0.82 0.82
ned Pineappl 024 _ 04 0.24 0.24 024
Eifﬁ%l élg_si [ Total GDP 143 126 1.16 1.09 104




mean 45  wWimisSnaids uazﬂmtg’amﬁa'luu?iams:mwﬁ’lﬁ'luqﬂmnnﬁumsNaﬂ
Fuel Type Cost / Unit Baht Per Tons of Emission / Tons of Fuel in KTOE
KTOE (x 1,000) SO2 NOx CO2 SPM

Coal 1785 B/t 2,859.71 15.26 16.06 3,702.20 89.92
Lignite 550 Bt 1,261.64 68.47 27.95 3,692.30 167.69
LPG 9.9 B/kg 8,483.15 0.01 1.98 2,980.30 0.05
Distill (HSD) 6.2798 B/ 7,285.32 19.73 4.4] 2,978.90 0.58
Fuel oil 2.9898 B/ 3,176.55 60.59 7.02 2,979.00 3.21
NG 70 B/MTU 2,834.71 0.00 3.31 2,129.80 0.06
Fuel Wood 0.7 B/kg 1,849.50 1.32 3.18 4,045.60 10.58
Bagasse 0.27 B/kg 1,513.96 1.69 3.37 4.044.60 44,94

Source:  Thailand Development Reseafch Institute, 1990.

1510 4.6 ﬁﬂdaumi'l'z’ﬁ%(amﬁq'iﬁﬂvim'lumﬂgﬂmnnﬁu(zsm)

Fuel Type Quantity (KTOE) (%)
Coal 239 4.82
Lignite 568 11.45
LPG 90 1.82
Distill (HSD) 184 3.7
Fuel Oil W512 30.50
NG 60 1.22
Fuel Wood 558 11.25
Bagasse 1,746 35.22
Total 4,957 100.00
Source:  Thailand Development Research Institute, 1990
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Appendix
Industrial Classification

There are various systems of industrial classification being used at present
including (1) the Ministry of Industry (MOI) category numbéring system which the DIW
uses to license factories; (2) the Thailand Standard Industrial Classification (TSIC) .
system, which is employed for purposés including the National Economic and §ocial
Development Board (NESDB) national income accounting'process; (3) the Board of
Investment (BOI) code used for granting privilege_s to ]industry." (See Table 1)

GROUPING OF INDUSTRY IN ENVIRONMENTAL CONTEXT

From an environmental standpoint, industries can be clustered based upon types
of wastes produced. The term wastes is also classified by varying aspects including the

following:

o By the medium to which they are released (e.g. air contaminants,
wastewater, and solid wastes)

o By their origins (e.g. construction debris, mine tailings, or municipal
wastes)

o By their physical characteristics (whether they are gaseous, liquid, or
solid) 1

o By type of risk or problem they create (e.g. hazardous wastes and
radioactive wastes)
These different ways of classifying wastes reflect the complexity in managing
wastes, and a single waste stream may be managed under different programs. For
instance, liquid wastes released by a zinc mine may be simultaneously classified as water

pollutants, mining wastes, hazardous wastes, and wastes released to land.

. This report, however, organizes industries into two main groups. The first group
is categorized based on which environmental compartments are affected by its waste. The
second group divides industries into hazardous and nonhazardous-waste-producing
industries. Several environmental management programs conducted by the ONEB and

the DIW are based on these two classifications, which are the basic context for this

report.
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GROUPING BASED ON AFFECTED ENVIRONMENT_AL COMPARTMENTS |

The environment is comprised of three major areas--air, water and land. These
compartments receive analogous forms of industrial wastes. For example, the atmosphere
receives air pollutants from fossil fuel burning and chemical industries, and streams and
Jand receive wastewater and solid wastes from various kinds of industries. Since these
environmental areas. and the corresponding wastes have absolutely different
physicochemical natures, effective technologies and .managemcnt ‘'schemes are also
varied. Based on this' understanding, Table 2 categorizes industries as air-polluting
industries (e.g. cement; iron and steel foundries, textiles 'an_d petroleum, and wét¢r—
polluting industries (e.g. food, pulp and paper, tannery, and textile). The classification in
Table 3 does not address the land-polluting iﬁdustry because most of the waste treatment
plants convert their original wastewater and air pollutants to solid waste as a final
product. Thus it can be stated that all industries unload solid wastes, in one way or

another, to the land resource.

In fact, pollutants can be removed from a wastewater stream and either dump,ed
on the ground--creating solid wastes--or incinerated--creating both air wastes and, with
the reniaining ash, solid wastes. Similarly, air pollution control devices can create solid
wasles or wastewater. In some cases, waste may be chemically or physically converted |
to a form that js not considered waste, even though it may still cause problems. For
example, both air and water pollution control devices frequently convert organic (carbon-
containing) wastes to carbon  dioxide (COy) and water which they release to the
atmosphere. This CO, disappears from the environmental accounting system, yet it is
still a waste product, because it contributes to the atmospheric CO, overload. Given this
factor, although the waste cycle ‘after treatment is not taken into account, this
classification is still meaningful in controlling the emission of waste at the source which

is normally the first step of pollution control.
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Table 1 Industrial Classification

HU It v BOI - Type of
Code Club ’ Code ' Iodustry
M2 2,4,5,6,7,8 . Pl REBERN) . Food
10,11,12,9 ' LS LS LT LI
{exclude 9.1) RN INBINNE
13,14,15 1.18,1,20,5.21
5.38,5.52,5.53
3 16,17,18 Fi Beverage
19,20 '
Y] 1,21 - Tobacco
32l 22,23, F25 5.15,5.11,5.30 Textile
5.37,6.47,5.54
5,65
322 28 F2b 5.8,5.21,5.28 Yearing
5.36,5.50 Apparel
323,32 29,30,31 FI1 5.39  Leather & Footwear
32,3
31 34,35,36 F23 1.15,5.9 ¥ood & Cork
332 1 R Furniture & Pixure
il 38,38,40 F14,F19 3.8,3.10,5.26 Paper | Paper
5,31,56.38 ¢ Products
342 { Fil " Printing Publishing
155,356 51,52 F8,F4 1.,6.6,6.22  Rubber & Plastic
Fh §.4,6.5] , Product
361,366 {2,43,44 & 3.1,3.2,3.3  Chenical Products
§6,46,47,48 P15 3.5,3.6,3.1 '
* 3.9, 301,50, 14,5.
153,354 19,50 Fig 3.4,3.12 Petroleun Products
361,362 53,504,588 Fi12,F2] 2.5,6.43 Fon-Ketallic
369 56,5758 F22
31,302 Co b8 . o 2.4 Basic Kelal
Industries
18] 60,61,62 F20 IR IR 1 Fabricaled
63,64 Froducts
382 65,66,67 F7,F10 $.0,8.2,0.3,4.7  Kachinery & Farts
h8,69,70



Table 1 (Continued) !

T81¢C DIW PTI BOI ' Type of
Code Club C : Code -+ Industry
383 1,12,17  FZ,F9 £.0,4,6,5,40 Blectrical
74,81,82,83 Kachinery
OO R 08,502,513 Transport
19,80{95) : 5.28,6.46,5.48 Bquipaent
385-390 ),84,85,86,87 - 5.1,8.2,5.3,5.4 Other
88,89,90,91,92 5.6,5.1,0.10,5.11
93,94,97,98,9%9 5.18,5,19,5.20,5.2¢
5.32,5.33,5.41,5.49

Note: TSIC = Thailand Standard Industrial Classification
DI¥ = Departsent of Industrisl Yords
FTI = Federation of Thai Industry
BOI = Board of Investrent

- A1-4



Tible 2 Grouping of Industries Based on Affected
Environmental Compartment

I. Air Pollution .

1. Dust and Soot 31163 “2{1,2,5) Grain floor wills
‘ 31169 o(3) Other grain
~ xill products
31182 11{2,3,4) Sugar refineries
- 31219 1{1) Syrup
31220 15(2) Kanufacture of
! aninal feeds
WY M2 Builder's voodwork
15591 5] Rubber sheets &
' . block rubber
Jp92l 57 Cenent
3120 59 Iron and steel
foundries
31200 60 Non-ferrous retals
39040 3(1,3)
2. Oder and Seell 31181 8(2) ‘ Hanufacture of
oils & {ats
el 12{2). Instant coffee
31220 15(2) " Hanufacture of
aniral f(eeds
35591 52(1) Rubber Sheets &
block rubber
35599 §2(2)  Other rubber products
3. Vapour and et 22{4) Textile printing
Particulate of 32118 {3} Textiles [inisbing
Chericals and 32190 27(6) Textiles not elsewhere
Resvy HKetals classified
"35120 ] Ferlilizers and
, Pesticides
35210 §5{1,2) Paints, varnishes &
‘ lacquers
35231 £7(1) Soap & cleaning
; preparations
200 {2 Chenicals (not
, fertilirer)
35300 19 Petrolive relineries
35400 50(3,5) products of
: pelroleun & coal
38198 64{10) Coaling, engraving
38199 60 Olher {abricaled
' . neta) products
18393 ) Bleclric larps
39090 1) v Other industrial
' products (oil carpet)
1. Yater Pollution 3111 1) : Slaughtering
e (2) Other mestl products
JNIRE 403),8(1,3,1) Nanulacture of oils

.....................................................................



Table 2 (Continued)

.....................................................................

Pollution T81C ~ DI¥ Code Industry
Cn {1) Heat canning
3122 §(1,2,3) Kilk factories

3123 5(6) [ce-creas
JHs2  5(4,5),8(5) Kanufacture of
matgarine
I3 §(1) Canning of fruit & veg.
31138 6(2) Preserving of fruit
: & veg.
e (1), 12(1-1) Other food products
1), 13(4,6)
1148 “1(2) Preserving of [ish
31161 8{1} Rice aills
3ty 9{2) "Banulacture of
. starches
31169 913) Other grain nill
products
3T 1N Bakeries
n 10(2) Kanufacture of
, biscuits
N 10(3) Krodles & siwilar
products
Mgy 11(2,3,4,8) Sugar reflineries
3190 12(8) Confectionery
31220 15{2)  Kanufacture of aninal
feeds
311310 16 Distilling & rectilying
KR 17 Basic industrial
) chenicals
- 31320 ‘18 . ¥ine industries
31330 19{2}) Breveries
LIRELL 20(1,2 Soft drinks &
carbonated water
12180 22(1) Textiles not
elsevhere classified
32118 22(2) Textile finishing
n 22{1) Textile printing
12130 24 Knitting rills
32140 25 Curpels & rugs
32150 26 Cordage, rope &
tvine industry
32330 28,30 Products of lealher
32310 3 Tanneries, leather
(inishing
3201 3 Purniture & [ixtures
MU, 381} Pulp, peper & paperboard
e 382}, q0(1) Hanuiacture of
‘ ‘ [iberboard
3120 19 Containers & boxes
of paper



Table 2 (Continued)

A S T T e it

Pollution 1sie DI¥ Code Industry
3190 {0(2}  T1tess of pulp, paper
: L paperboard
35299 f2 Other chenical products
3 {3 Fertilizers b pesticides
33210 5 Psints, varnishes &
' Jacquers
315220 16 Drugs & nedicine
35231 {111,2) Sosp & cleaning.
preparations
35300 i9 Petroleun refineries
35400 50{4)  Products of petroleun
. ¢ cosl
35609 53 Other plastic
36100 54 HKanulacture of pottery
35200 55 Glass and glass products
K1 56 Structural clay
products
39200 83{1,20,64(4) Non-ferrous metals

60

38298 62,63(4),81  Kachinery repair shops
§3(4),65,66,67

38413 §3(3) Building of other boats
38292 §3(5) kit conditioning
38199 - 64(1,2,3 Other .[abricated
§,7,9) netal products
38361 64(5) Insulated wire & cable
38198 §4{8,10) Coating, engraving
38330 12,13 Blectrical appliances
38393 Con(n) Blectric larps
383107 HEE) Industrial electrical
. products
841 T6(3)  Bresking up of ships
38431 17 heseably of autonobiles
J8440 78 MNotorcycles, tricyeles
1 bicycles
38450 19 Kanufacture of aircraft
28490 §0 Other transport
equipaent
38240 - 81(3),83 Special industrial
39030 ‘ 86 Sporting snd sihletic
goods
39080 27(2,1) Other industriel
87(4) products

14,892,928

Note: TSIC = Thailand Slanderd Industries Ciassirfication
DI¥ = Departeent of Industries Works

Source: DI¥ Ordinance No.147/1983 daled Seplember &, 1989
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CLASSIFICATION'BASED ON THE HAZARDOUS NATURE OF WASTE

The term "hazardous" implies harm to human health or to the environment and is
bro;lder than the term "toxic." For example, wastes that are hazardous because of their
corrosivity, flammability, explosiveness, or mfectlousncss are not normally considered
toxic (Office of Technology Assessment 1986)1

Hazardous waste is waste that has physical, chemical, or biological characteristics
which require special handling and disposal procedures to avoid risk to health and/or
other adverse environmental effects (World Health Orgahization 1983)2. According to
the MOI's classification, the following three categories of waste have been identified to
acquire special handling and disposal; 1) wastes or unwanted pfoducts which have one bf
the following characteristics: flammability, corrosivity, explosiveness, and ‘toxicity; 2)
twenty types of solvents as listed; 3) wastes or unwéntcd products from the listed
industries, for example, wastewater sludge from battery factories and paint residues from
repair shops (Ministry of Industry 1988).3

Recently a more systematic approach for ahazardous-waste-generating potential
ranking system was conducted by Engineering Science, Inc. et al. (1989)4. In their
study, idustry was grouped into four ranks following the criteria shown in Table 3.3. The
results of the ranking system shown in Table 4 indicate that industries which should
receive serious attention (Rank 3):include the chemical, fertilizers and pesticides,
synthetic resins, plastics and fibers, paints, vamishes and lacquers, soaps, cleansers,

cosmetics, toiletries, petroleum and explosives, and ammunition and weapons.

P Office of Technology Assessment. 1986. Serious Reduction of Hazardous Waste:
Summary, OTA-ITE-318, Washington, D.C., 63pp.

2 World Health Organization. 1983. Management of Hazardous Waste: Policy
Guidelines and Code of Practice, Edited by Michael J. Suess and Jan W. Huismans,
WHO Regional Publications, European Series No. 14, England, 100pp.

)

Ministry of Industry. 1988. Notification of Ministry of Industry No. 25 dated August
3, 1988.

4 Engineering Science, Inc., Thai DCT and Systems Engineering. 1989. National

Hazardous Waste Management Plan: Volume 2-Main Report, a study commissioned
by the ONEB.
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The classification system based on the hazardous nature of waste is of important
in that it indicates industries which require special regulations in handling their wastes.
When determining industrial promotion policy, this classification system would provide
a guideline for the concerned organizations to direct industrial growth so that the number

of hazardous-waste-producing industries would not be increased to a level that exceeds
the safety limit of the environment.
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Table 3 Hazardous-Waste-Generating Potential Ranking System

0 Little or no potential for generation of hazardous
wastes, such as food processing industries.

1 Potential for generating only small quantities of
hazardous waste, such as repair shops.

2 Potential to generate moderate quantities of
hazardous waste with low levels of hazardous
constituents, such as electroplating and heavy’
equipment manufacture.

Potential to generate large quantities of
hazardous waste or small quantities of wastes
containing very high levels of hazardous
! constituents, such as organic manufacturings.

%]

Source: Engineering Science, Inc. (1989).
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Table 4 Grouping of Industries Based on Hazardous Nature of Waste

e A e mm o 4t S v " a S e M fm_ M e e T . = e e M o - My et et e - T e - e — . —— - - — — o —

j Industry TSIC

1. Non-Hazardous Rank:0 31110,31120,31130,31140,31150
Waste Producing : 31160,31170,31180,31190,32112.
Industry . ' 31220,31310,31320,31330,31340

31400,32120,32140,32160,32200 .
32310,32330,32400,33110,36100
36200,36910,36920,39010

2. Hazardous Waste
Producing Industry Rank 1 32190,33120,33190,33200,34120
‘ 34190,34200,35510,35590,35600
36990,38130,38410,38420,38450
38490,38500,39020,39030,39090
41010,95130,95190,95200

Rank 2 32110,32130,34110,35400,37100
37200,38110,38120,38190,38210
38220,38230,38240,38250,38290

/ 38310,38320,38330,38390,38430
©38440

Rank 3 35110,35120,35130,35220,35230
35290,356300,35291

Note: TSIC = Thailand Standafd Industries Classification

Source: Modified from Enginééring Science, Inc. et. al. {1989).'

A1-11



ANKCNIAIINT 2

- ar
U@ N SWHT L e T Ll 2529



L-2v

Appendix 2

Hazardous Waste Quantity , 1986

Unit - Tong
TsIC Industry Qils Inorganic Heavy met.  Solvent Acid Allkaline Off Spec. PCB  Aqueous Photo Total
Sludge Waste " Waste

371-372  Basic metal industry 0 0 0 0 . 0 0 0 0 732,508
381 Fabricated products 1,303 . 4,116 760 56272 14,563 0 0 0 132,868
384 Transport equipment 38,509 1,078 501 384 0 0 0 0 0 63,993
383 Electrical machinery 701 0 1.491 591 20,407 5,246 0 8 0 0 50,990
351-352.  Chemical products 15.455 187 1,003 3.250 3266 1,843 12 0 116 0 37,916
382 Machinery 25.150 0 0 132 4715 3 158 0 0 0 0 30,158
321 Textiles 17362 0 0 0 0 0 0 0 0 0 0 17,362
342 Printing publishing allited 0 0 642 0 5,405 0 Q 0 0 8,820 14,867
356 Rubber-rubber products 3.923 0 0 0 4,350 0 0 .0 0 0 0 8,273
341 Paper and paper products 1325 0 . 42 1,370 0 0 0 0 0 0 0 2,737
353-354  Petroleum products 454 0 302 509 205 0 0 0 0 0 0 1,978
385-390 Miscellancous nec. 12 0 0 393 7 9 2 0. 0 0 0 1,821
332 Furniture - fixtures 0 0 0 1,092 0 0 0 0- 0 0 0 1,092
331 Wood - cork 0 0 0 515 0 0 0 0 0 0 0 51s
361-369  Non metallic mineral Q0 0 0 0 0 0 0 0 0 0 0 Q
314 Tobacco 0 0 0 0 0 0 0 0 0 0 0 0
323-324  Leather prod. - footware 0 0 0 0 ] 0 0 0 0 0 0 0
313 Beverage 0 0 0 0 0 0 0 .0 0. 0 0 0
311-312  Food 0 0 0 0 0 0 0 0 0 0 0 0
22 - 1 1 0 0 0 0 0 0 0 0 0 ] 0 0

Total 124,194 187 3137 11.698 19.783 1 2 12 _ 2,438 116 8320  1.097.07%
Source  : Engineening Scince et.al. (1989)
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Appendix & Number and Distribution of Registerd Factories Classificd by TSIC

Number of Regisierd Factoreies Classificd by TSIC,1987

e e e e o e e e e o o e e e e e et e e e e o e e e e e e e e ot e e e e e e e -

Ts1C* Sector Greater Central ‘ North  Northeast South Hhole
. Pangkok ‘ ‘ Kingdom
..................... e e e o e e e e e e S e
311,312 Food 1708 2602 767 2418 584 8079
313’ . Beverage 93 38 13 28 21 1223
34 Tobacco 10 1 80 0 ] '101
321 Textile 1288 81 1 60 12 1454
322 Wearing apparel 1419 6 11 3 0 1439
322,324 Leather A& footwear ‘ 556 5 2 0 0 583
331 Wood & cork ' 1360 710 301 .31 418" 3120 -
332 ) Furniture & fixture ; 746 lq4 1586 171 143 1320
LX) Paper & paper products } 399 11 9 3 5 47
342 Printing, publishing . 1420 36 " 13 17 lsoq
355,356 ‘Rubber, plastic product " 352 71 20 0 a2 147 621
351,352 Chemical proBucts - R 1T 51 62 21 23 958
353,354 Petroleum products ‘ 21 5 P 0 1 a1
J61,362,369 Non-metalic ‘ 1704 519 410 487 306 /3483
371,372 Basic metal 1758 5 2 8 12 202
381 Fabricated products 4448 241 216 260 157 5322
382 Machinery & parts 2062 996 845 503 600 5106
383 'Electr}cul machinery i 844 61 38 31 13 9817
384 . Transport equipment 2613 831 606 738 473 5261
385-390 ‘Other ‘ 795 464 163 204 178 1804
_________________________________________ l_____..-__._________-____..____-..-‘_.-........._..___....__--_-.———-._--_..——-.--
Total 22814 6898 3872 5311 31io 42005
Distribution of Regislered Factonies Classified by TSIC,1987
; Greater Centronl  North Hor Lh- South Whole
Bangkok enst Kingdom
311,312 Food 7.49 37.72 19.81 45.53 16.78 19.23
313 Beverage 0.41 0.55 ). 13 0.53 0.68 0.53
314 Tobncco ~ o0.04 0.01 2.32 0.00 0.00 0.24
321 Textile . 5.685 117 0.34 1.13 0.39 J.46
322 Yearing appnrel 6.22 0.09 0.28 0.06 “0.00 J.43
321 Leather & footwear T 2.44 0.07 0.05 0.00 0.00 1.4
31 Yood & cork 5.96 10.29 10.356 1.35 13.44 7.43
332 Furniture & fixture 3.27 1.51 4.03 3.22 - 4.60 3. 14
EED! Paper & paper products 1.75 0.16 0.23 0.06 0.16 1.02
342 Printing, publishing 6.22 0.52 0.36 0.24 0.55 3.517
355,356 Rubber, plastic product 1.54 1.03 0.52 0.60 4.73 1.48
351,352 Chemical preoductn 3.51 0.74 1.60 0.40 0.74 2.28
353,354 Petroleum products 0.09 0.07 0.10 0.00 0.03 0.07
36],—2.-9 Non-metalic 7.47 8.39 10.59 9.17 9.84 8,30
371,312 Basic metnl 0.717 0.07 0.05 0.15 0.39 0.48
k1)) Fabricated products 19.50 3.49 5.58 4.90 5.05 12.67
352 ' Machinery & parts g.04 . 11.44 21.82 11.35 19.29 12.16
383 Electrical machinery 3.70 0.8R 0.98 0.58 0.42 2.35
384 Transport equipment 11.45 12.05 15,65 13.90 15.21 12.52
385-390 Other 3.48 6.73 4.21 3.84 5.72 1.29
Totol 100.00 100.00 100.00 100.00 100.00 100.00
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Number of Registerd Factoreies Classified by TSIC,1988

T81C Sectdy Grea;eb Central North Northenst South Whole
) Bangkok ‘ Kingdom
e e TP PR, e e e e e e e e e e e e e e ————
311,312 Food 1808 3225 1112 3186 622 10?54
a1l Beverage 100 42 45 3o 24 24)
34 Tobacco 10 2 95 o 0 107
324 . Textile i127 89 ' 13 63 12 1604
322 Wearing apparel 1503 L 9 13 4 0 1829
323,324 Leather & footweai 632 - 9 2 1 0 644
331 "HWood & cork . 1143 150° L 428 237 472 LEFA)
332 Furniture & fixture 809 118 162 : 186 157 1432
341 Paper A paper products 436 13 g 3 5 486
342 Printing, publishing 1492 36 14 13 17 15712
. 355,356 Rubber, plastic product sz 78 20 32 165 677
351,352 Chemical products 843 59 65 23 24 1014
353,354 + ‘Petroleum products 23 5 q 0 1 33
'361,362,369 Non-netalic ‘ 1901 659 171 540 335 3906
371,372 Basic metal 183 5 2 8 14 12
- 38d Fabricated products 4773 272 237 ' 290 ‘ 173 5745
382 Machinery & parts 2170 1084 917 663 624 5458
383 Blectrical machinery 921 66 43 35 15 1080
384 . Transport equipment 2751 927 §77 842 508 5711
385-390 Other : 894 - 493 179 225 201 1992
Total 24608 7941 4505 6681 3369 47104

Distnbution of ARegis!ercd Factorics Classified by TSIC1638

Creater Centrnl North . MNorthenst South Whole
Banekok Kingdom
311,312 f Food 7.55 40.61 24.68 52.18 158.46 21,11
313 i Devernge ' 0.41 0.53 1.00 0.45 0.71 0.51
“314 Tobacco » 0.01 . 0.03 2.11 0.00 0.00 0.23
321 Textile ) *h.80° 1.12 0.29 0.941 0.36 3.41
322 Wearing appnrel ' 6.51 0.11 0.29 0.06 0.09 3.48
323,324 Leather & footwenr 2:57 n.11 0,04 0.01 0.09 1.37
1331 , Yood & cork 5.86 9.44 9.43 3.55 14.01 7.06
332 " Furnlture & flxture 3.29 1.49 -3.60 2.78 4.606 3,04
J41 Paper & paper products 1.717 - 0.16 0.20 0.04 0,18 0.99
342 Printing, publishing 6.06 0.45 .31 0.19 0.50 3.34
355,358 Rubber, plastic product 1.55 0.98 0.44 0.48 4.90 1.44
351,352 Chemicn] products 3.4] 0.74 1.44 0.34 0.71 2.15
353,354 " Petroloum products 0.09 0.06 0.09 0.00 0.03 0.07
361,362,369 Non-metalic ' 7.73 8.30 10.46 8.08 9,94 8.29
371,312 Basic metal ) 0.74 0.06 0.04 0.12 0.42 0.45
Jsl Fabricated products 19.4¢0 3.43 5.26 4.31 5.14 12.20
32 Machinery & parts 8.82 13.65 ' 20.36 9.92 18.562 11.59
33 Blectrical mechinery 3.74 0.83) - 0.95 0.52 V.45 2.29
KEL] Transport equipment 11.20 J1.67 15.03 12.60 15.08 12.12
385-390 Other ~ 3.63 621 3.97 3.37 5.97 1.23
Total 100.00 100.00 100.00 100.00 .- 100.00 100.00



Numbser of Registerd Factoreies Classified by TSIC,1989 ;
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TSIC Srctor dreater Central North Northeast South Yhole
v Bangkok ' ‘ Kingdom
311,312 Food ) 1802 3353 1204 3623 672 10759
313 Bevernge o 14 18 B 28 258%
314 Tobacco 10 2 96 0 0 108
321 Toxtite 16189 94 20 n3 13 1829
327 Wearing apparel. 1h 13 18 7 0 1862
323,324 Leather & footwear 719 16 2 3 0 il
J31 Hood & cork 1517 787 453 246 537 3540
332 Furniture & fixture 812 130 170 193 C 172 1537
341 Paper & paper products 486 16 13 4 6 525
242 Printing, publishing 1576 36 14 13 18 ‘1051
355,356 Rubber, plastic product 403 96 22 34 ' 185 740
351,352 Chemlcal products 893 70 70 28 29 1090
353,354, Petroleum products 26 5 4 0 1 k]
361,362,369 Non-metalic 2146 768 560 605 397 4416
311,372 Baufc meotal 19z 7 2 L} 14 223
381 Fabricated products 5126 300 284 339 186 6235
382 Machinery & parts 2326 1213 ioss 737 649 5992
383 Electrical machinery 1023 71 49 39 16 1204
38'{ Transport equipment 2918 1071 839 1006 540 §374
385-390 Other 1022 553 208 248 2217 2258
Totnl 26704 8651 5144 7252 as00 51441
Distribution of Registered Factorias Classified by TSIC,J989 . k
Grenter Central North Northenst South Yhole
Nangkok Kingdom
311,312 Food 7.12 38.176 23.41 50.03 13.21 20.92
313 Boeverngn 0.39 0.51 0,93 0.43 0.6 0.50
4 Tohscco n.04 0.02 1.87 0.00 " 0.00 0.21
J21 Textile 6.06 1.089 0.39 . 1.14 7.35 3,56
322 ¥enring appnrel N 6.83 0.15 0.35 0.10 0.00 3.62
323,324 Lenther & footwear 2.69 0.18 0.04 0.04 0.00 1.44
331 Hood & cork 5.68 9.10 8.81 3.39 14,55 6.88
332 Furnjture & fixture . 3.27 1.50 3.30 2.66 4.66 2.99
KER Paper & paper products 1.82 0.18 0.25 0.06 0.16 1.02
312 Printing, publishing 5.90 n.42 0.27 0.18 0.49 3.22
355,356 Rubber, plastic product 1.51 1.11 0.43 0.47 5.01 1.44
351,352 Chemical producls 3.34 0.81 1.36 0.39 0.79 2.12
353,354 Petroléum products 0.10 0.08 0.08 0.00 0.n3 0.07
- 361,-2,-9 Non-metalic 8.04 5.88 10.89 8.34 10.76 8.70
371,372 Basic metal 0.72 0.08 0.04 0.11 0.38 0.43
KED! Febricated products 19.20 3.47 5.52 4.67 5.04 12.12
382 - i Machinery & ports 8.71 14.02 20.76 10.16 17.59 11.65
383 Electrical machinery 3.83 0.89 0.85 0.54 0.43 2.0
334 Transport equipment 10,93 12,38 16.31 13.817 11.63 12.39
385-390 Other ~ 3.83 6.39 4.04 J.42 6. 150 4.39
Totn} 100.00 100.00 108.00 100.00 100.00 100.00
Note @ Excluding rice mills. A3-3
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Appendix 4 Gaseous Emission

Total SO2 Emission (by Region and Year)
: b :  (Unit ;: Ton/Year)

1986 1988 1991 1996 2001 2006 2011

Whole Region 433303 - 541025 957203 1265638 2164376 2538483 3155010

BMR 163890 200677 384429 387311 525353 582057 805092
Central 35485 46930 75935 279753 358835 514784 826462
North 173326 223844 398723 532090 1055312 1087985 1141058
Northeast 21906 25039 34089 30990 38087 47550 60181
South 38689 44450 64022 35732 . 187173 306825 323331

14332 . 2 Yol

Share of SO2 Emission (by Region and Year)
(Unit : Percent)

1986 1988 : 1991 1996 2001 2000 2011

Whole Region. 100.00 100.02 100.00 99.93 99.98 99.97 99.96
BMR 37.82 37.10 40.16 30.60 24.27 22.92 25.51
Central 8.19 8.68 7.93 22.10 16.58 20.27 26.19
North 40.00 41.38 41.66 42.03 48.75 42.85 36.15
Northcast 5.06 4.63 3.56 - 2.45 1.76 1.87 1.91
South 8.93 8.22 6.6% 2.82 8.65 12.08 10.24

Total 100.00 __100.00  100.00 . 100.00 100.00___100.00  100.00
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Total NOx Emission (by Region and Year),

(Unit ; Ton/Year)

! 1986 1988 1991 1996 2001 2006 2011
Whole Region 309333 399822 536835 793307 1097564 - 1502263 2072608
BMR 164806 217083 288063 421205 563301 728983 981598
Central 39319 53770 77197 129921 181534 356342 593087
North 44218 55142 78558 107284 169072 179821 201712
Northeast 26781 32196 39514 55358 66405 79570 96704
South 34207 41607 53455 79719 117790 = 158692 201630

Total 309331 399798 536786 __79348¢ 1098102 1503408 2074731
Share of NOx Emission (by Region and Year)

: {Unit ; Percent)

1986 1988 1991 1996 2001 2006 2011

Whole Region 100.00  100.01 100.01 99.98 99.95 99.92 99.90

BMR 53.28 54.30 53.66 53.08 51.30 48.49 47.31

Central 12.71 1345 14.38 16.37 16.53 23.70 28.59

North 1429  -13.79 14.63 13.52 1540 11.96 9.72

Northeast 8.66 8.05 7.36 6.98 6.05 5.29 4.66

South 11.06 10.41 9.96 10.05 10.73 10.56 9.72

Total 100.00  100.00  100.00 100.00 100.00 _100.00 _100.00
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Tolal CO2 Emission (by Region and Year)

4

(Unit ;: Ton/Year)

1986

1988 1991 1996 2001 . 2006 2011

Whole Region 71750422 85243668 109807113 149123985 201850427 276855518 385505812
BMR 35699346 43097047 53297900 67728900 86705909 104701283 137812734
Central 11457263 14742266 20789168 34922583 46729692 93867810 158590022
North 10823994 12589536 17699773 22479598 36902563 39157718 42865015
Northeast 6564791 6919851 8461612 10890230 12204546 13882608 16215684
South 7202686 7889857 ~ 9546282 13106291 19322812 25276185 30082437

Total 71748080 85238557 109794736 149127602 201865521 276885603 385565891

Share of CO2 Emission (by Region and Year)

 {Unit : Percent)

1986 1988 1991 1996 2001 2006 2011

Whole Region 100.00 -1.00 1.00 1.00 1.00 1.00 1.00
BMR 49.76 50.56 48.54 45.42 4295 . 3781 35.74
Central 15.97 17.30 18.93 23.42 23.15 33.90 41.13
North 15.09 14.77 16.12 15.07 18.28 14.14 11.12
Northeast " 9.15 8.12 2.1 7.30 6.05 5.01 421
South 10.04 9.26 8.09 8.79 9.57 9.13 7.80 -
Total 100.00 100.00 100.00 100.00 100.00 100.09

100.00
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Total $PM Emission (by Région and Year) .

i !

(Unit ! Ton/Yeat)

1986 1988 : 1991 1996 2001 2006 2011
Whole Region 448437 513843 619790, 780937 951042 1195852 1594634
BMR 218868 255106 ° 312420 371240 452862 . 578733 756700
Central - 80902 105507 . 150480 200664 247113 340502 465306
North : 41896 44237 63222 112484 147203 162165 242024
Northeast 42213 42710 38813 40221 42208 45744 52556
South 64566 66168 54562 57671 65827 77643 .94703
Total . 448445 513729 619497 782279 955213 1204786 1611289

Share of SPM Emission (by Region and Year)

’ ' (Unit : Percent)

1986 © 1988 . 1991 1996 2001 2006 2011
Whole Region _ 100.00 100.02 100.05 99.83 99.56 99.26 98.97
BMR 43.81 4966  50.43 47.46 4741 48.04 46.96
Central ' 18.04 20.54 2429 . 25.65 25.87 28.26 28.88
North 9.34 8.61 10.21 14.38 1541 13.46 15.02
Northeast 941 -8.31 . 6.27 5.14 4.42 3.80 3.26
South 14.40 12.88 8.81 7.37 6.89 6.44 5.88
Total 100.00 _ 100.00  100.00 100.00 100.00 100.00 100.00
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Total SO2 Emission in EMR kég‘ion (by Sector and Year)

, l
(Unil : Ton/Year)

: 1979 - 1981 1986 1988 1991 1996 2001 2006 - 2011
Industry 111390 99901 « 58255 83845 108689 ' 146622 208303 314620 475638
Agriculture 19143 18379 1385 1358 2761 1602 1850 2138 2474
Res. & Comm. . 6652 7007 3816 3946 3006 2966 3245 ' 3647 4485
Transportation 10023 14475 58774 78888 - 103819 95348 129225 171959 132443
Power Generation 177763 212205 41660 32640 166058 140573 182370 89103 89103
Refineries 11042 . 9894 2537 2957 4113 . 6350 6350 6350 --6350

Total 336013 361861 166427 203634, 388446 - 393462 531343 587817 810494
Share SO2 Emission in BMR Region (by Sector and Year) ‘ ,

(Unit ; Percent]

1979 . 1981 1986 1988 1991 1996 2001 2006 2011

Industry 33.15 27.61 3500 4117 2798 3726 3920 5352 5868
Agriculture 5.70 5.08 0.83 0.67 0.71 0.41 0.35 0.36 0.31
Res. & Comm. 1.98 1.94 2.29 1.94 0.77 0.75 0.61 0.62 0.55
Transportation 2.98 4.00 35.32 38.74 26.73 24.23 24.32 29.25 28.68
Power Generation 5290  58.64 2503  16.03 4275 3573 3432 156 10.99
Relineries 3.29 273 ' 152 145 1.06 161 120 1,08 0.78
_Total 100.00 10000 100.00 10000 _100.00 _ 100.00  J00.00  100.00

100.00
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Total NOx Emission in BMR Region (by Sector and Year)

{Unit : Ton/Year)

1979 . 1981 1986 1988 1991 1996 2001 - 2006 2011
Industry 26359 25463 © 14872 20003 31111 41406 54210 77008 107418
Agricullure 5153 5028 388 383 779 893 1030 - 1191 1378
Res. & Comm. 36470 36250 19684 20436 14590 13185 13321 13705 15650
Transportation 115726 118135 121965 165392 218196 345722 468557 623504 842814
Power Generation 23689 29704 7898 10869 23319 19721 25584 12500 12500
Refineries 1640 1470 377 439 611 943 943 943 943
Tolal 209037 216050 165183 217522 288606 421869 563646 728852 980704

Share NOx Emission in BMR Region (by Sector and Year)

. (Unit : Percenl)

1979 1981 1986 1988 L 1991 1996 2001 2006 2011
Industry 12.61 11.79 9.00 9.20 10.78 9.81 9.62 10.57 10.95
Agriculture 247 2.33 023 0.18 0.27 0.21 0.18 0.16 0.14
Res. & Comm. 17.45 16.78 11.92 9.39 5.06 3.13 2.36 1.88 1.60
Transportation 55.36 54.68 73.34. 76.03 75.60 - 81.95 83.13 85.55 85.94
Power Generation 11.33 13.75 »4.78 5.00 808 - 4.67 4.54 1.72 1.27
Refineries 0.78 0.68 0.23 0.20 0.21 0.22 . 017 0.13 0.10
Total 100.00 _ 100.00 100.00  100.00 100.00 _ 100.00 100.00  100.00 _100.00
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Total CO2 Emission in BMR Region (by Sector and Year)

(Unit ; Ton/Year)

1991

‘ 1979 1981 1986 1988 1996 2001 2006 2011
Industry 14261820 13457878 “9035322 10217341 13769999 18508412 22756533 29244407 38850861
Agriculture 3096083 2982959 218665 216531 440440 504857 582824 673812 779641
Res. & Comm. 19200377 19183464 10737180 11368505 8571661 8422940 9151035 10180432 12384294
Transportation 12520736 12705423 12773815 16984493 22320802 33372718 45230063 60187114 81357234
Power Generation 7925248 9922554 2934365 4310201 8193387 6911466 8966484 4380898 4380898
Refineries 1085402 972596 . 249396 290715 404266 624234 624234 624234 624234

Total 58089606 59224874 35948742 43387787 53700556 68344628 87311173 105290896 138377163

Sharc CO2 Emission in BMR Region (by Sector and Ycar)

(Unit ; Percent) .

1986

1991

1979 1981 1988 1996 2001 2006 2011

Industry 24.55 22.72 25.13 23.55 25.64 27.08 26.06 2117 28.08
Agricullure 5.33 5.04 0.61 0.50 0.82 0.74 0.67 0.64 0.56
Res. & Comm. 33.05 32.39 29.87 26.20 15.96 1232 1048 9.67 8.95
Transportation 21.55 21.45 35.53 39.15 41.57T 48.83 51.80 57.16 58.79
Power Generation 13.64 16.75 8.16 9.93 15.26 10.11 10.27 '4.16 317
Refincries 1.87 1.64 0.69 0.67 0.75 0.91 071 0.59 045
Total 10000 JON.00  100.00 100.00 _ 100.00  100.00  100.00 100.00 100.00
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Total SPM Emissionin BMR Region (by Seclor and Year)

(Unit : Ton/Year)

1979 1981 1986 1988 1991 1996 2001 20006 2011
Industry 90550 90624 68798 89174 152603 188316 230555 315575 @ 417799
Agriculture 1526 . 1577 147 144 293 336 387 448 518
Res. & Comm. 190767 189717 104373 106435 70842 56374 49718 42506 39972
Transportation 52081 49029 42513 56918 76153 113869 154327 205361 277594
Power Generation 9952 11578 3040 2436 12019 10185 13213 6456 6456
Refineries 594 532 136 159 221 342 342 342 342
Total 345470 343057 219004 255265 - 312131 369421 448543 570688 742681

?

Share SPM Emission in BMR Region (by Sector and Ycar)

(Unit : Percent)
1979 1981 1986 1988 1991 1996 2001 2006 2011
Industry 26.21 2642 3141 3493 4889 5098 5140 5530 56.26
Agriculture 044 046 0.07 0.06 0.09 0.09 0.09 0.08 0.07
Res. & Comm. 55.22 5530 47.66 4170 2270 1526  11.08 745 5.38
Transportation 15.08 14.29 1941 2230 2440 30.82 3441 3598 37.38
Power Generation 288 337 139 0.95- 3.85 2.76 2.95 1.13 0.87
Refineries 017 016 _0.06 0.06 007 _ 0.09 0.08 006 005
Tolal 100.00_100.00 100.00  100.00 100.00 _'100.00 __100.00 100.00  100.00
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Tolal SO2 Emission in Ceﬁtral R

i - .
egion(by Sector and Year)

(Unit ¢ Ton/Year)

1979 | 1981 1986 1988 1991 1996 2001 2006 2011
Industry 111390 - 99901 , 23727 32779 55417 70166 91151 132912 194363
Agriculture 19143 18379 2786 2732 5556 3224 3722 4303 4978
Res. & Comm. - 6652 7007 821 849 647 638 698 784 965
Transportation 10023 14475 7863 10554 13890 12756 17289 23006 31098
Power Gencration 177763 212205 289 - 17 425 192969 245976 353780 595057
Refineries 11042 9894 7965 8177 9678 25133 25133 25133 25133
Total 336013 361861 43450 55107 85613 304886 383968 539917 851594

Share SO2 Emission in Central Region (by Sector and Year)

A (Unit : Percent)

1979 1981 ' 1986 1988 1991 1996 2001 . 2006 2011
Industry 33.15 27.61 54.61 59.48 64.73 23.01 23.74. 24.62 22.82
Agriculture 5.70 5.08 641 496 6.49 1.06 0.97 0.80 0.58
Res. & Comm, 1.98 1.94 1.89 1.54 -0.76 0.21 0.18 0.15 Son
Transportation 2.98 4.00 18.10 19.15 16.22 4.18 4.50 4.26 365
Power Generation 52.90 58.64 0.66 0.03 0.50 63.29 64.06 65.52 69.88
Refineries 3.29 2.73 18.33 14.84 11,30 8.24 . 6.55 4.65 293
Total 10000 100,00 100000  100.00 100.00 100.00 100.00 © 100.00  100.00
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Total NOx Emission in Central region (by Seclor and Year)

(Unit ; Ton/Year)

N 1979 1981 1986 1988 1991 1996 2001 2006 2011
Industry 26359 25463 - 9408 13215 22336 29503 37630 53904 74962
Agricullure 5153 5028 780 770 1567 1796 2073 2397 2773
Res. & Comm. 36470 36250 4233 4395 3138 2836 2865 2948 3366
Transportation 115726 118135 16317 22127 29192 46253 62687 83417 112757
Power Generation 23689 29704 ' 8580 13262 20965 49533 76279 213677 399228
Refineries 1640 ' 1470 1183 1214 1437 3733 3733 . 3733 3733

Total 209037 216050 40502 54984 78634 133653 185266 360075 596819
Share NOx Emission in Central Region (by Sector and Year) o

: (Unit : Percent)

1979 1981 1986 1983 1991 1996 2001 2006 2041

Industry 12.6] 11.79 23.23 24.04 28.40 22.07 2031 14.97 12.56
Agriculture 247 2.33 1.93 1.40 1.99: 1.34 1.12 0.67 0.46
Res. & Comm. 17.45 16.78 10.45 7.99 3.99 2.12 1.55 0.82 0.56
Transportation 55.36 54.68 40.29 40.24 37.12 34.61 33.84 23.17 18.89
Power Generation 1133 1375 21.19 24.12 26.66 37.06 41.17 59.34 66.89
Reflinenes 0.78 0.68 2.92 221 1.83 2.79 2.0 1.04 0.63
Tolal 100.00 __ 100.00 _ 100.00__ 100.00 100.00 __100.00__ 100.00 100.00  100.00
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Total CO2 Emission in Centtal Region (by Sector and Year)

1

. (Unit ; Ton/Year)

1979 1981 1986 1988 1991 1995 2001 2000 2041

Industry 14261820 13457878 ,3322692 3902476 6087533 8510385 10285749 13224034 17372479
Agriculture 3096083 2982959 ° 439964 435672 886187 1015797 1172669 1355742 1568678
Res. & Comm. 19200377 19183464 2309211 2444988 1843480 1811495 1968084 2189473 2663451
Transportation 12520736.12705423 1708968 2272302 2986230 4464831 6051188 8052244 10884528
Power Generation 7925248 9922554 3676428 - 5686828 8985739 19120075 27252002 69046316 126100887
Refineries 1085402 972596 782943 803776 951392 2470540 2470540 2470540 2470540
Total 38089666 59224874 12240207 15546041 21740560 37393123 49200232 96338350 161060562

i

Share CO2 Emission in Central Region(by Seclor and Year)

(Unit ; Percenl)

1979 1981 1986 1988 1991 199G 2001 2006 2011

Induslry 24.55 22.72 27.15 25.10 28.00 2276 2091 13.73 10.79
Agriculture 5.33 .5.04 3.59 2.80 4.08 2.72 238 1.41 0.97
Res. & Comm. 33.05 3239 1887 15.73 8.48 4.84 4.00 227 1.65
Transportation 21.55 2145 13.96 14.62 13.74 11.94 12.30 8.36 6.76
Power Generation 13.64 16.75 30.04 36.58 4133 51.13 35.39 71.67 78.29
Refincrics 1.87 1.64 640 - 5.17 4.38 6.61 5.02 2.56 1.53
Total 100.00___100.00 100.00  100.00  100.00 __ 100.00  100.00 100.00

100.00
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Total SPM Emission in Central Region (by Seclor and Year)

, ' . (Unit : Ton/Year)

2 1979 1981 1986 - 1988 . 1991 1996 2001 2006 2011
Industry 90550 90624 52349 74551 124184 158377 198145 285398 392281
Agriculture 1526 1577 295 290 589 675 780 901 1043
Res. & Comm.- 190767 189717 22447 22891 15236 12124 10693 9142 8597
Transportation 52081 49029 5688 7615 10188 15234 20647 27475 37138
Power Generation 9952 11578 124 161 283 14253 16849 17587 26248
Refineries 594 532 428 440 521 1352 1352 1352 1352
Total 345470 343057 81330 105947 151001 202016 248465 341854 466658

Share SPM Emission in Central Region (by Sector and Year)
(Unit : Percent)

1979 1981 1986 1988 1991 1996 2001 2006 2011

Industry 26.21 2642 6437 7037 8224 7840 79.75 8349  84.06
Agriculture 0.44 046 0.36 0.27 0.39 0.33 0.31 0.26 022
Res. & Comm. 5522 5530 27.60 21.61 10.09 6.00 430 2.67 1.84
Transportation 1508 1429  6.99 7.19 6.75 7.54 8.31 8.04 7.96
Power Gencration 2.88 337  0.15 0.15 0.19 7.06 6.78 5.14 5.62
Refineries 0.17 016 0.53 0.42 0.34 0.67 0.54 0.40 0.29
Total 100.00 100.00 100.00 100.00 10000 100.00 100.00 100.00 100.00 '
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Tolal SO2 Emission in Nénﬁ .fl’e'gion (by Seciot aﬁd Yéai) "

(Unit ; Ton/Yedt)

) 1979 1981 1986 1988 1991 1996 2001 2006 2011
Industry 111390 99901 = 9691 12068 23084 38298 55624 84641 135389
Agriculture 19143 18379 4419 3984 7921 4458 5027 ' 5676 6414
Res. & Comm, - 6652 7007 862 814 586 524 521 1 532 ' 595
Transportation 10023 14475 9435 12227 13398 9805 11055 12239 13764

* Power Generation 177763 212205 148919 194751 353734 479006 983086 984897 984897 '
Refineries 11042 9894 0 - 0 0 0 .0 0. . 0
Total 336013 . 361861 173326 . 223844 398723 532090 1055312 1087985 1141058 .
Share SO2 Emission in North Region (by Sectot and Year) ) T
. e e ; L (Unit : Pereetit) sy !
1979. 1981 1986 1988 199] 1996 - 2001 2006 20114
Industry 3315 2761 .« 559 5.39 5.79 7.20 527 178 1187 -
Agriculture _ 570 508 . 235 1.78 199 084 048 0.52 0.58
Res: & Comm. 1.98 1.94 0.50 0.36 0.15 0.10 0.05 0.05 0.0
Transportation 2.98 4.00 544 5.46 3.36 1.84 105 112 1.2
Power Generation 52.90 58.64 85.92 87.00 88.72.  90.02 03.16 | 90.52: 8631
Refincries 3.29 273 000 0.00 0.00 0.00 0.00 0.00. ... 6.00.
Total 10000 100.00 _100.00  100.00  100.00 _ 100.00 10000 _ 100.00 - 100.00
A4-13
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Total NOx Emissioﬁ in North Régioﬁ (by Seclot ard Year) -

(Unit : Ton/Year)

Total 10000 100.00 _ 100.00 - 100.00

A4-14

1979 . 1981 & . 1986 1988 1991 1996 2001 2006 2011
Industry 26359 25463 , 2793 3185 8110 16995 23223 - 29270 45146
Agriculiure 5153 5028 - 1237 1124 2234 2484 2800 3162 3573 .
Res. & Comm. -36470. 36250 4445 4217 2842 2327 2138 2000 : 2076
Transportation 115726 118135 19580 25634 28159 35551 40085 44377 49906
Power Generation 23689 29704 16163 20983 37213 - 49928 100826 '1010f1 101011
" Refineries 1640 1470 - 0 0 0 0 0 0 .. 0
Total 209037 216050 44218 55142 78558 107284 169072 179821 201712
Share NOx Emission in North Region (by Seclot aitd Year) ' 'f/’
: > o i (Unit : Percenl) |-
1979. .. 1981 . 1986 . 1988 ‘1991 1996 2001 2006 . 2011,
Industry 12,61 11.79 6.32 5.78 10.32 15.84 13.74 16.28 2238
Agricullure 247 2.33 2.80 2.04 2.84 2.31 1.66 1.76 L7
" Res. & Comm. 1745 16.78 10.05 7.65 3.62 2.17 1.26 | 1.11 j.03
Transportation 55.36 5468 4428 4649 35.84 33.14 23.71 24.68 24.74
Power Generation 11.33 13.75 36.55 38.05 4737 46.54 59.63 56.17 50.08
Refincries 0.8 0.63 Q.04 0.00 0.00 0.00 0.00 0.00. 00
100.00 -+ 100.00 100.00 100.00 -+ 100.00:



Total CO2 Emission in North Region (by Sector and Year)

(Unit ; Ton/Year)

. 1979 . . 1981 1986 1988 1991 1996 2001 ' 2006 2011
Industry 14261820 13457878 “ 1360867 1431851 2201686 3241718 4179912 5751795 8535255
Agriculture 3096083 2982959 697808 635461 1263338 : 1404736 1583870 1788452 2021108
Res. & Comm. 19200377 19183464 2424846 2345695 1670008 1486732 1468593 1485455 1642959
Transportation 12520736 12705423 2050653 2632365 2880535 3431727 3869430 4283728 4817405
Power Generalion 7925248 9922554 4289820 5544164 9684206 12914686 25800759 25848288 25848288
Relineries 1085402 972596 0 0 0 0 0 0. 0

Tolal 58089666 59224874 10823994 12589536 17699773 22479598 36902563 39157718 42865015

Share CO2 Emission in North Region (by Sector and Year)

(Unit : Percent)

1991

1979 1981 1986 1988 1996 2001 2006 201

Industry 24.55 22.72 12.57 11.37 12.44 14.42 11.33 14.69 19.9
Agriculture 5.33 5.04 645 5.05 7.14 6.25 429 457 472
Res. & Comm. 33.05 32.39 22.40 18.63 9.44 6.61 3.98 3.79 3.83
Transportation 21.55 21.45 1895 2091 16.27 15.27 10.49 10.94 11.24
Power Generation 13.64 16.75 39.63 © 4404 54.11 57.45 69.92 66.01 60.30
Refincries 1.87 1.64 0.00 0.00 0.00 0.00 0.00 000 . 000
Total 100.00 __100.00_ 100.00: . 100.00 _ 100.00 _ 100.00 100.00___100.00 100.00
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Total SPM Emission in North Region (by Sector and Year) o
(Unit : Ton/Year)

1979 1981 1986 1988 1991 1996 2001 2006 2011

Industry 90550 90624 9762 11373 35748 85828 116651 131825 210608
Agriculture 1526 1577 468 422 840 934 1053 1189 1344
Res. & Comm. 190767 189717 23571 21961 13802 9951 7979 6202 5303
Transporiation 52081 49029 6825 8821 9828 11709 13203 14616 16437
Power Gencration 9952 © 11578 1271 1660 3004 4062 8317 8332 8332
Refinerics 394 332 0 0 0 0 0 0 0

Total 345470343057 41896 44237 63222 112484 147203162165 242024

Share SPM Emission in North Region (by Seclor and Ycar)
' ‘ (Unit : Percent)

1979 1981 1986 1988 1991 1996 2001 2006 2011

Industry 26.21° 2642 2330 2571 5654 7630  79.25 8129  87.02
Agriculture 0.44 046 1.i12 095 1.33 0.83 0.72 0.73 0.56
Res. & Comm. 5522 5530 56.26 49.64 21.83 8.85 5.42 3.82 2.19
Transportation 15.08 1429 1629 1994 15.54 1041 8.97 9.01 6.79
Power Generation 2.88 337 303 375 475 3.61 5.65 5.14 3.44
Refincries 0.17 016 000 _ 0.00 0.00 0.00 0.00 Q.00 0.00

Total 100.00 __100.00 100.00 100.00 100.00 100.00 100.00 _100.00 100.00
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Total SO2 Emission In Northeast Region (by Sectof and Year)

(Unit : Ton/Y#é4)

v N 1979 1981 1986 1988 1991 1996 2001 2006 L2011
Industry 111390 99901 . 7767 8785 11549 14355 17859 23186 - 30398
Agriculture 19143 18379 4392 3931 8236 4809 5573 6467 1511
Res. & Comm. . 6652 7007 937 877 639 512 562 568 © 628
Transportation 10023 14475 + 8809 11445 13665 11253 14092 17327 21642
Power Generation 177763 212205 -0 0 1 2 2 2 2
Refineries 11042 . 9894 0 0 0 0 0 0 0

Total 336013 361861 21906 25039 34089 30990 38087 . 47550 60181

Share SO2 Emission in Northeast Region (by Sector and Year) ‘

'(Unit : Percent)

1979 1981 1986 1988 1991 1996 2001 2006 2011
Industry 33.15-  27.6% 35.46 35.09 33.88 46.32 46.89 48.76 50.51
Agricullure 5.70 5.08 20.05 15.70 24.16 15.52 14.63 13.60 1248
Res. & Comm. 1.98 1.94 428 3.50 1.87 1.84 148 ~ 1.19 1.04
Transportation 2.98 4.00 40.21 45.71 40.09 36.31 37.00 36.44 35.96
Power Generation 52.90 58.64 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Refinerics 3.29 273 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.00 100.00. - 100.00  100.00 100.00 100.00 100.00 - 100.00 100.00
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Total NOx Emission in Noitheast Region (by Sector and Year)

(Unil  Ton/Year).

1979 19814 1986 1988 1991 1996 2001 = 2006 2011 .
Industry 26359 25463 , 2436 2548 3592 4884 5444 6554 . 7405
Agriculture © 5153 5028 1230 1108 2322 2679 3105 3603 4184
Res. & Comm, . 36470 36250 4836 4544 3100 2541 2308 2135 2192
Transporiation 115726 118135 18280 23996 28720 40801 51095 62823 78470
Power Generation ~ '23689 29704 0 0 1779 - 4453 4453 4453 4453
Refincries 1640 1470 0 0 0 0 0 .. 0 0
Total 209037 - 216050 26781 32196 39514 55358 66405 79570 . . 96704
Share NOx Emission in Northeast Region (by Sector and Year), , :
. , (Unit : Perceni)
1979 ! 1981 - 1986 1988 1991 1996 2001 2006 201}
Industry 12.61 © 1179 - 9.09 7.91 9.09 8.82 8.20- 824 = 1766
Agriculture 247 2.33 4.59 3.44 5.88 4.84 4.68° 4.53 433
Res. & Comm, 1745 16.78 18.06 14.11 7.85 4.59 348 2.68 227
Transportation 55.36 54.68 68.26 74.53 72.68 73.70 76.95 78.96 81.14
Power Generation 11.33 13.75 0.00 0.00 4.50 8.04 6.71 5.60 4.60
Relinerics 0.78 0.68 0.00 0.00 0.00 0.0 0.00 0.00 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 1060.00 100.00
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Total CO2 Emission in Notheast Reglon (by Sector and Year)

(Unit* Ton/Year)

1979 1981 1986 1988 _ 1991 __ 1996 __ 2001

2006 2011

Industry 14261820 13457878 ;1318873 1301154 1625722 1903480 2021255
Agriculture 3096083 2982959 693668 626899 1313520 1515372 1755993
Res. & Comm. 19200377 19183464 2637710 2527602 1821386 1623427 1585617
Transportation . 12520736 12705423 1914540 2464197 2937982 . 3938539 4932268

2285034 2630525
2037789 2366739
1585819 1734374
6064554 1314134

Power Generation 7925248 9922554 0 0 763002 1909412 1909412 1909412 1909412
Refineries 1085402 972596 0 0 0 0 0 0 < 0
Total 58089666 59224874 6564791 6919851 8461612 10890230 12204546 13857608 16315684

1

|
'

Share CO2 Emission in Northeast Region (by Sector and Year)

(Unit : Percent)

1979 1981 1986 1988 1991 1996 2001 2006 2011
Industry 24.55 2272 2009 1880 19.21 17.48 16.56 16.46 16.22
Agriculture 533 504 10.57 9.06 1552 13.91 14.39 14.68 14.60
Res. & Comm. 33.05 3239 4048 3653 2153 14.91 12.99 11.42 10.70
Transportation 2155 2145 2916 3561 3472 3617  40.4i 43.68 46.7
Power Generation "~ 13.64 16.75 ' 0.00 0.00 9.02 17.53 15.65 13.75 11.78
Refinerics _ 187 ' 164 Q00 000 0.0 0.00 0.00 0.00 0.00

Total 100.00 __ 100.00_ 100.00 _100.00 _ 100.00 __ 100.00  100.00
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Tolal SPM Emission in Northeast Region (by Sector and Year)

. ‘ : __(Unit: Ton/Year)

N 1979 1981 1986 1988 1991 1996 2001 20060 - 2011
Industry 90550 90624 9736 10372. 12842 14855 15543 17022 '19486
Agriculture 1526 ,1577 465 417 873 1007 1167 1355 1573
Res. & Comm. 190767 189717 25640 23664 15053 ' 10866 8615 6621 5598
Transportation -~ 52081 49029 6372 8258 10024 13438 16829 20692 25845
Power Generation 9952~ 11578 0 0 22 54 54 54 54
Refineries 594 532 .0 -0 0 0 0 0 0.
Tolal 345470 343057 42213 42710 . 38813 40221 42208 45744 52556

i
Share SPM Emission in Northeast Region (by Sector and Year) ,

- . (Unil : Percent) .

1979 1981 1986 - - 1988 - 1991 1996. 2001 2006 12011 .

Industry 26.21 2642 23.06 2428 33.09 36.93 36.82 37.21 37.08
Agriculture 0.44 0.46 1.10 0.98 2.25 - 2.50 2.77 2.96 2.99
Res. & Comm. 55.22 5530 60.74 55.41 38.78 27.01 2041 1447 10.65
Transportation 1508 1429 1509 1933 2583 3341 39.87 4524 . 4918
Power Generation 2.88 337 0.00 0.00 0.06 0.13 0.13 0.12 0.10
Refineries 017 016 000 000 000 000 0.00 000 - 0.00
Total 100.00 _100.00 100.00  100.00 _100.00 100.00 100.00  100.00 100.00
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Total SO2 Emission in South Region (by Seclor and Year)'

(Unit : Ton/Year)

1979 .. 1981 1986 . 1988 1991 1996 2001 . 2006 2011
Industry 111390 - - 99901 7198 7907 9709 - 10335 12126 = 14918 18808
Agriculture 19143 18379 ¢ 3532 3451 7035 4184 4955 . 5877 6975
Res. & Comm. 6652 7007 820 764 557 514 527 - 556 641
Transporiation 10023 14475 11191 14397 19062 17612 23964 32015 43447
Power Generalion 177763 212205 15948 17932 27659 3087 145601 253459 253459
Refineries 11042 9894 0. 0 0 0 0 0 0
Total 336013 = 3618061 38689 44450 . 64022 35732 187173 306825 323331
Share SO2 Emission in South Region (by Sector and Year) K
(Unit : Percent) |
1979 1981 1986 1988 1991 1996 2001 2006 2011
Industry 33.15 27.61 18.60 17.79 15.16 28.92 6.48 4,86 5.82
Agriculture 5.70 5.08 913  7.76 1099 - 117 2.65 1.92 2.16
" Res. & Comm. 1.98 1.94 2.12 1.72 0.87 i.44 0.28 0.18 0.0
Transportation 2.98 400 2893 3239 29.77 4929 1280 {043 1344
Power Generation 5290  58.64 4122 4034 4320 8.64 71.79 82.61 78.39
Refinzries 3.29 2.73 0.00 0.00 0.00 0.00 0.00 0.00) 0.00
Tolal 10000 _100.00 _100.00 _100.00 100.00  100.00  100.00  100.00 _ 100.00
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Total NOx Emission in South Region (by Sector aqd Year)

, , ‘ (Unit : Ton/Year)

- 1979: . 1981 19861988 - 1991 1996 2001 2006 ' - 2011
Industry 26359. - . 25463 +3862 . 4261 - 5163 5484 .- 5762 6501 7226
Agriculture 5153+ 5028 989 © 973 - 1984 = 2331 2760 3274 3886
Res. & Comm. 36470 . 36250 4230 3954 2705 2283 2164 2088 2237
Transportation 115726 - 118135 23223 30185 - 40061 63859 86892 116084 157536
Power Generalion 23689 . 29704 1903 0 2234 3541 5762 20213 30745 30745
Refineries 1640 - 1470 ~ 0. 0 0. 0. 0 0 0.

Total 209037 . . 216050 3420743607 - 53455 79719 117790 158692 201630 .
Share NOx Emission in Solith Region (by Secior and Year)

, . (Unit : Percent)

1979 1981 . 1986 . 1988 1991 1996 2001 2006 2011

Industry 12.61 11.79  11.29 10.24 966 6.88 4.89 4,10 3.58
Agriculture 247 233 289 234 371 292 2.34 206 - 193
Res. & Comm. 17.45 16.78 12.37 9.50 506 286 1.84 1.32 1.1
Transporfation 55.36 54.68 67.89 72.55 7494 '80.11 73.77 73.15 78.13
Power Generation 11.33 1375 556 537 6.63 723 17.16 19.37 15.25
Refineries 0.78 063 000 000 000 000 0.00 0.00 0.00
Tolal 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
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Total CO2 Emission in South Region (by Secfor and Year) ‘ . A_
; . : : (Uni(: Ton/Year) - .

e 1979 | . 1981 1986 1988 1991 "L 1996 2001 2006 2011
Industry 14261820 13457878 1324708 1329467 1582810 1728228 1801994 1978467 2218061
Agriculture . 3096083 = 2982959 557759 550397 1122087 1318394 1561291 1851636 2197768

Res, & Comm. 19200377 19183464 2307235 2199623 1589191 1458407 1486455 1551366 1770459
Transportation 12520736 12705423 2432280 3099752 4098164 6164379 8387678 11205594 15207028
Power Generalion 7925248 - 9922554 ' 580703 710618 1154030 2436884 6085394 8689121 8689121
Refineries 1085402 972596 . - 0O 0 0 0. 0___. 0 0.
Total 58089666 : 59224874 7202686 7889857 9546282 13106291 19322812 25276185 30082437

PR

Share CO2 Emission in South Region (by Sector and Year) o
: (Unit : Percent)

' 1979 1981  1986° 1988 1991 1996 . 2001 2006 2011
Industry 24.55 2272 1839 1685 16.58 13.19 9.33 7.83 1317
Agriculture 533 504 774 698 1175 10.06 808 - 7.33 731
Res. & Comm. 33.05 3239 3203 2788  16.65 11.13 7.69 6.14 5.89
Transportation 21.55 2145 3377 3929 4293 47.03 4341 4433 5055
Power Generation - 13.64 16.75 8.06 9.01  12.09 18.59 31.49 34.38 28.88
Refineries 1.87 1.64 000 Q00 000 000 0.00 0.00 0.00_

Total 00 1 100. 100. 100. 100. 100. 00.00  100.00
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Total SPM Emisslion in South Reglon (by Séclot 211d Yeir)

|

(Unil: Ton/Year) &

1979 19811986 1988 1991

1996 2001 -~ 2006 2011 .

Industry 90550 90624 .]8143 21438 25271 25713 26798 29499 33438 .
Agriculture 1526 1577 174 366 746 -876 1038 1231 146]
Res. & Comm. 190767 189717 22427 20593 13134 9761 8076 6477 5144
Transportation - 52081 49029 8095 10388 13982 21033 28619 38234 51887
Power Generation 9952 11578 15527 13383 1429 288 1206 2202 2202
Refineries 594 . 532 -0 0 0 0 0 0 ; 0.
Total 345470 343957 64566 66168 54562 57671 65827 77643 94703 -

Share SPM Emission in South Region (by Sector and Year)

(Unit : Percent)

1979 1981 1986 . 1988 1991

1996 . 2001 2006 2011

Industry 2621 2642 28.J0 3240 4632 4459 4071 3799 ' 3531
Agriculture 044 - 046 058 055 137 1.52, 1.58 159 . 154
Res. & Comm. 55.22 © 5530 3474 3112  24.07 1693 12.27 8.34 6.03
Transportation 1508 © 1429 1254 1570 2563 3647 4248 4924 54.79
Power Generation 288 337 2405 2023 2.62 0.50 1.97 2.84 12.32
Refincries 017 0.16 000 0.00 . 0.00 0.00 0.00 0.00 0.00

Tolal 100.00 100.00 100.00 100.00 100.00 100.00 100.00 _100.00  100.00
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‘Appendix 5 Top Five ﬁazardoﬁi {aste - Producthg Mt]ustnes 1989

BASIC FABRICATED TRANSPORT ELECTRICAL CHEMICAL TOTALx

NO. PROVINCE
- METAL - PRODUCHS . PRODUCTS MACHINERY PRODUCTS

26 KAMPANGPET 0 1 30 1 a3
27 CHIENGMAL i 14 50 4 19 88
28 CHIENGRAI 0 22 47 3. 3 75

29 TAK b 4 10 0 1 15

30 NAKORNSAW b 4 85 5. 7 138 .
31 NAN 0 22 56+ 2 0 80.
32 PAYAO 0 6 31 0 0 3
33 PICHIT 0 21 .53 (I 6i 80

34 PISANULOK 1 36 11 13 2 163
35 PETCHABOON 0 22 146 16 0 1 184

36 PHARE 0 14 39 2 4 59

37 MAEHONGSO 0. 3 6 -0 8 17

38 LAMPANG 0 26 42 1 i 80

39 LAMPHUN 0 13 15 y) T} &
40 SUKOTHAI 0 13 50 0 3 66'
.41 UTRALADIT 0 16 65 0 3 84

42 UTHAI 0 0- 3 0 0 3
*  NORTH 2 284 839 49 70 1244
44 KHONKAN 1 43 149 8 10 216"
45 CHAIPHUM 0 6 14 1 0 21

46 NAKOAMPAN 0 20 67 0 2 89

' 47 NAKORNRATS 2 54 180 8 5 249

48. BURIRUM 0 7 24 0 0 31

49 MAHASARAK 0 ? 7 37 1 0 - 45

50 MUGDAHAN 0 2 23 0 0 25

51 YASOTHON 0 4 1 0 0 ‘15

52 ROIET 0 | 22 54 .5 6 - 87

53 LEOI 0 0 3 0 0 3

54 SISAKET 0 0 2 0 1 3

55 SAKON ! 1R 66 0 1 86

56 SURIN I 14 45 0 0 60

57 NONGKAI 0 23 40 0 1 64

58 UDON 3 60 181 1 2 257

59 UBON 0 45 91 5 0 14}

* _NORTHEAST 8 339 1006 39 28 1420

60 KRAEI 0 0 10 "0 o . 10

61 CHUMPON 0 3 38 1 2 44

62 TRANG 1 10 16 L0 2 29

63 NAKORNSRIT 0 17 95 2 3 117

‘64 NRATIVAT 0 19 73 1 0 193

65 PATTANI 0 13 .36 i 1 51

66 PANGA 2 6 31 1 0 40

67 PATALUNG 0 2 25 0 2 29

68 PHUKET 2 15 56 4 1 78

69 YALA 4 10 20 1 0 '35

70 RANONG 1 2 18 0 1 22

71 SONGKLHA 4 69 169 2 13 157

72 SATUN 0 3 4 0 0 7

73 SURATANI 0_ 17 49 3 4 73

*__SOUTH 14 186 540 16 29 785
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‘Appendix ¢ Toxic Metal : Effects and Sources

Metal

Major health ellects Major ecological elfects

Major atmospheric
emission sources

Arsenic
as Arsenic Trioxide
(AS,0,)

Beryllium {Be)

Cadmium {Cd)

Lead [Pb)

Marcury (1)

Carcinogen (also shown for man),
possible leralogen neurotoxin

Contact dermatilis, ulcers,
inflammation of mucous membranes
chronic berylliosis and (animal)
carcinogen

Has a long biclogical hali-life and

{Animal) caicinogen, teraiogen,
bioaccumulales

damage 1o liver, kidneys, lungs and
blood [anaemia)

hinpairmenl ol haem synthesis in
childeen, and possible subclinical
neurological problems

Transtormed into alkyl mercury
compounds wilh fong biological
hall-life and binaccumulalive

Central nervous system and kidney
disorders {loxicity depends on
chemical form)

«

Smelting of non-leirous ores,
pesticides, calalyst and reagent for
inorganic chemical production,
additive 10 glass and non-leirous
alloys

Combustion ol coal and oil, mining,
production ol beryllium metal,
cement plants, alloys, ceramics and
rocket propellants

By-product ol zinc processing, used
in electroplaling, plastics pigments
and batleries; wasle disposal by
incineration, lertilizer processing and
application, combustion of fossil
fuels

lead acid batteries manulaciure,
lead-based paint, gasoline
combustlion, non-lettous smellers

Eleclrical apparalus, electrolylic
preparation of cavstic soda and
chiorine, antifouling paint,
phaimaceutical pioducts and coal
combustion

emissions.
Scurce: OECD

.

. . s . D . . IS . . PR . . v
Nete: Avsenic is a melalluid with semimetallic properties; il is placed in his Table, however, because il is usually associated with the metal indusiry and meltal

—
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' App:‘cndix 7 Known or Potentially Toxic Organic Compounds
: (Sources and Environmental Presence)

Organic compound Major emission sources Remarks on environmen!al presence

Acetaldebyde {Ethanal) Colfee roasting, manuiaciure of acrylic acid, acetic Atmospheric hall-life: 1.2 days

acid and vinyl acetale, car exhaust

Intermediate in the production ol polymers and other

Acrylonitrile
{2-Propenenitrile) chemicals .
Aityl chloride Synthetic intermediate chemical

(3-Chloro-1-propens)

Benzene (CoH,) Petrol fuelled internal combustion engines, 1aw material
in production of other chemicels, petroleum relineries,
pasoline storage and handling and coke ovens

Benaidine (Cy,H),N,) . Manulacture of dye, paper, textiles and leather Atniospheric hall-lile: 1.4 days
[11,1-Biphenyl).4,4.diamine]

Benzolalpyrene (CoH,,) By-product ol incomplete combustion ol coal (coke
Indicator pollutant for ovens), wood, charcoal and diese! fuel

Polycyclic organic matter

Benzy! chloride Manulacture of polychlorinated biphenyls, n-butyhenzyl

{Chloromethylbenzene) phthalate, benzyl alcohol, quaternary ammonium
compounds and hemyl acetate i

Bis {Chloro-methyl) ether Manulacture of polymethylene and polypheny!
isocyanale

Carbon tetsachloride (CCH,) Dichorodilluoromethane and tichlorollvoromethane Atmosphesic hall Tile: 10 years: hall-life
production, lire extinguishers, dry cleaning sgenis. in watar: 70000 yeare

tleaning agents for machinery and electrical parie

Feteatial elfect on shratospheric crone
layer with possible inciease of UV
radiaticn ard possibie climatic changes

CMecroflnrocathons Aerosol propellant, reliigerant and fozming agent- in
plastics indusiry ,

Chlorotorm (CHCIy) Production of chlerodillueromethane, riiscellaneous Atmocpheric hatl-life: 1.2 years
{industial solvent, fumigant, pharmacrulicals, solvent,
rubber indusiry)

Mmaospheric half fife: 10 howrs

Chioroprene (2-Chloro-1,3 hutadiene) Production of nroprene

Dioxins such as TCOD {Felychlorinated Waste incineralers, horhicides lallfile in soil: 10 to 12 years
dihenzo-p-dioxins}

Epichlorohydtin Production ol synihetic glycerinepoxy resins and

{1.Chlnto-2,3-epoxypropane) elaslomers

Ethylene dibromide (C,H,Br,) Scavenger in leaded gasoline, soil and seed fumigant. Atmospheric hall-life: 20 howrs
(1,2-Dibromoethane) dye production, pharmazeulicals and solvent

Ethylene dichloride (C,H,C1,) * Production of vinyl choride Amaspheric hall fife: 1000 days

{1,2-Dichloroethane)

Ethylene oxide {C,H,0) (Oxirane) Intermediate in pioductivn of ethylene plycel, Atmaspedic halldile: 3 hows - 1.6 days

production of polyester fibre and litm and non ienic
surface active agents

Formaldehyde (CH,0} {Methanzi} Chaicoal manufactuirg, catalytic cracking in pelroleum
refining, internal combustion engine exhausts, tesin
production, formaldehyde production and storage

Atmosphesic hall-life: 2 days

Hexachlorobenzene (C¢Cl) Origin parlly unknown

Methyl chlorolorm {1,1,% Trichlo:arthane) Melal cleaning and tln?'lir‘\g plastic rolds

Methylene chloride {CH,C1,) Major companenl in pa.nl-strippers Atmasphesic halldife 1.2 years
2-Maphtylamines {Cqltyll) Ressarch purposes

AT-1



" Appendix 7. Known or Potentially Toxi¢ Organic Compounds
(Sources and Environmental Presence)

Organic compound

Major emission sources

Remarks on environmental presence

Nitrobenzene {CgH;NO,)

Nitrosamines (R-RAN-N-0)

Perchloroethylene {C,C1,)
(1.1,2.2-Tetrachlorcethenel

Phenol {C,H,0)

Phosgene {COCH,} (Carbonic dichloride)

Polychtorinated biphenyls (C,,CLH,, )

Propylene oxide (C41g0) {Methyl oxirane)

Trichloroethylene (C,HCL,)
{1,1,2, Trichlos oethene)

Vinyl chiutide {C,H,Cl) {1-chioroethene}

Vinylidene chloride {C,H,Cl;)
{1,1-dichloroethene)

Production of aniline

Limited commercisl production but formed in air, water
and food from precursors, amines, nilrogen oxides and
nitrales

Chlorination of acetylene, dly cleaning solvent and
degreasing metals

Manulacture of explnswes lertilizer, coke, iltuminating
pas, lampblack, paints, painl removers, rubber, asbestos
goods, wood preservatives, synthetic resins, textiles,

.- 1gs, pharmaceutical preparations, perfumes, bakelite
and othes plaslics [phenoloformaldehyde resins);
disinlectant in petroleum, leather, paper, soap, loy
tanning, dye and agricultural industries

Manufacture of dyestulls based on triphenylmethane,
coal tar and wea, used in the organic synthesis of
isocyanates and their derivatives, carbonic acid esters
{polycarhonates) and in the manulacture of some
insecticiles and pharmaceuticals

Production, storage and transport of PCBs. incineration
ol waste PCBs [electical translormers and cepacitors),
solid waste disposal, evaporative losses of plasticisers,
volatilisation of PCB-containing paints and coalings

Sulvent in degtéasing operations, PVC provuction, inks,
suiface coalings, adhzsives, dry cleaning &nd
pharmaceulicals

Production of polyvinyl chloride

Monomer and polymer synthesis [lzlex costings,
extiusian resins), fabrication and polymer processiag

Atmospheric hell Ele: 26 days;
a widespread polluiant of fish and
wildlife

hmospheric hall ife: 23 hewrs

Atmospheric half-fife: 12 howrs

Sovrce: OECD 117)
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Appendix ‘8

4

Characteristicsv and Effect of Major Air Pollutant

otlutant

Characteristics

Principal sources

.Princlpal effects

Controls

National ambient stsndards 23

(In

mijcrograms per
cubic meter)

| sus-
nded
rticufates
S P)

r diox-
(SOy)

n mon-
e (CC)

Any solid or liquid par-
ticles dispersed in the
atmosphere, such ss
dust, polien, ash, soot,
metals, and various
chemicals: the parti-
cles are often classified
according to size as
settieable particles:
larger than 50 microns*
aerosols: smaller than
50 microns; and fine
particulates: smaller
than 3 microns

A colorless gas with a
pungent odor; SOy can
oxidize to form sulfur
trioxide (SO0i), which
forms sulluric acid with
water

A coloriess, odorless gas
with 3 strcng chemiceal
aflinity for hemoglobin
in btood

footnotes at end of table.

Natural events such. as
forest lires, wind ero-
sion, volcanic erup-
tions; stationary com-
bustion, especially of
solid fuels; construc-
tion ‘activities; Indus.
trial processes; atmos.
pheric chemical reac-
tions

¢

Combustion of sulfur-
containing fossil fuals,
smeilting of sulfur-bear.
ing metal ores, indus-
trial processes, natural
events such as voicanic
eruptions

Incomplete combustion
of fuels and othe-*
carbon-containing sub-
stances, such 3s in
motorvehicleaxhausts;
naturat events such au
forest fires or decom-
position of organic
matier

Health: Directly toxic ef.
fects or aggravation of
the effects of gaseous
poliutants; aggravation
of asthma or other res-
piratory or cardiorespi-
ratory symptoms; in.
creased cough and
chest discomfort; in-
creased mortality

Other: Soiling and dete.
rioration of ‘bulilding
malterials and other
surfaces, Impairment
of visibility, cloud for-
mation, interference
with plant photosyn.
thesis

Health: Aggravation of
respiratory diseases,
inciuding asthma,
chronic bronchitis, and
emphysema; reduced
lung funclion:irritation
of eyes and respiratory

tract; increased mor-
tality
Other: Corrosion of

metais; delerioration of
electrical contacts, pa-
per, textiles, lesther,
finishes and coatings,
and building stone; {or-
mation of acid rain;
leal injury and reduced
growth in plants

Health: Reduced toler-
ance for exercise, im-
pairment of mental
function, impairmentof
fetal development, ag-
gravation of cardiovas-
cular diseases

Other: Unknown
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Cleaning of flue gases
with inertial separators,
fabric filters, scrub-
bers, or electrostalic
precipitators; alterna.
tive means for solid
waste reduction; im-
proved control proce.
dures for construction
and industrial proc-
esses

Use of low-sulfur fuels;
removal of suifur from
fuels before use; scrub-
bing of flue gases .with
lime or cataiytic con-
version

Automabile engine mod-
ilications (proper tun-
ing, exhaust gas recir-
culation, redesign of
combpustion chamber);
control of automobile
exhaust gases (cata-
lytic or thermal de-
vices); improved de-
sign. operation, and
maintenance of station-
ary furnaces (use of
finely dispersed fuels,
proper mixing with air,
high combustion tem-
perature)

.Pr{mary:

[Annuai=75
24-hour=260

Secondary: Annual=60

Alert:

Primary:

Alert:

Primary:

Alert:

24-hour==]50
24-hour=1378

Annual=80
24-hour=365
24-hour=800

8-hour=10.000
1-hour= 20,000
6-hour=17,000



- Appcndix 8 - Characteristics and Effect of Major Air Pollutant

National amblent standerds ¢

Pollutant Characileristics Principat sources Principal effects - Controls (in zug{:g"r::::)per
! .
Photochemi. [Colorless, gaseous com- Atmospheric reactions of | Health: Aggravation of | Reduced em.issions of ni- Prlm?ry: l-hour:zlgg
calo:idanix pounds which can com- chemical precursors respiratory and cardio- trogen oxldes: hydn:. Alert: 1-hour
(Ox) prise photochemica'l under the influence of vascular illnesses, irri- carbons, possibly sul-
smog, e.9., oxone (Oy), sunlight tation of eyes a.nd res- | - fur oxides
peroxyacetyl nitrate ! piratory tract, impair-
(PAN), aldehydes, and ment of cardiopuimo-
other compounds nary function
Other: Deterioration of
rubber, textiles, and
paints; impairment of
visibility; leal injury,
reduced growth, and
premature fruit and
leal drop in plants
Nitrogen di- [A brownish-red gas with 2 Motor vehicle exhausts, |Health: Aggravation of Catalyflc control of suto- an?ry: lz\z_nual—lzoaoz
oxide (NO)) pungent odor, often high-temperature sta- respiratory and cardio- mobile exhaust jases, [Alsrt: : hours
formed from_ oxidation tionary combustion, at- vascular illnessos and modgificatien ol auto- 1-hour=2]1,130
ol nitric oxide (NO) mospheric reactions chronic nephritis mobile engines to re-
Other: Fading of paints duce combustion tem-
and dyes, impairment perature, scrubbing
of visibility, reduced flus gases with rcaustic
growth and premature substances or urea
[ S - leal droo in plants
Hydrocar- Organic compounds in Incompiete combustion | Health: Suspected con- | Automobile er.gine modi- | Primary: 3-hour=160
bons (HC) 9aseous or particulate of fuels and other _tribution to cancer fications (proper tun.

form, ec.g9.., methane,
ethylens, and acely-
lene

carbon-containing sub-
stances, such as in
motorvehiciz exhausts;
processing, distribu.
tion, and use of petro.
leum compounds such
as gasoline and organic
solvents: natursal
events such as forest
fires and plant metab-
olism; atmospheric re-
actions

Other: Major precursors
in the formation of
pholochemical oxi-
dants through atmos-
pheric reactions

ing, crankczse ventila-
tion, exhaust 921 recir-
culation, redesign of
combustion chiamber);
control of sutomobile
exhaust gases (catla-
Iytic or thermal de-
vices): improved de-
sign, operztion, and
maintenance of sta-
tionary” turnaces (use
of finely cispersed
fuels, proper mixing
with air, high combus-
tion temperature); im.

proved control proce-
dures in  processing
and handling petro-

teum compounds

t Poliutants for which national ambient air quality stand
' Prinary standards are inlended to protect against ad
eftects on materiasls, vegelation, and other environmental values.
! The feceral cpisode criteria speci
for 12 or more hours or o increase

ty that meteorological conditions are such that
iin the case of oxidants, the situation is likely to re

Source: Based on information compiled by Enviro Control, Inc.

ards have been established. .
verse ellects on human health, Secondary standards are intended to protect against adverse
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bollutanl concentrations may be expected to remain at these levels
occur within the next 24 hours unless control actions are taken.
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Appendix 9

Agenciés of Environmental Policy

PLANNING AND POLICY FORMULATION AGENCIES

The Office of National Economic and Social Development Board (NESDB) -- The
NESDB is a planning agency directly under the  Prime Minister's Office which
overlooks both macro and sectoral plans. Under the National Economic and Social
Developmcnt‘Act of 1978, the NESDB is chartered with carrying out the following
functions: |

1.To formulate policies and draw up master plans  for the country's
economic and social development.

2.To translate the policies and plans into consistent operational plans for the
related ministries, bureaus, and departments in the government so that
they can be implemented.

3.To monitor and follow up on various plans and projects of the
implementing agencies.

4. To evaluate the actual implementation of the plans and projects of the
various government agencjes. '
For environmental policies and plans, the Technology Planning and Environment
Division is the unit directly charged with these responsibilities in the NESDB. The
Government-Private Cooperation Division is the unit directly in charge of industrial

policies and plans.

In the planning and formulation of industrial and efvironment plan, it can be said
that the NESDB is the core agency which provides the studies and analysis to back up
such activities. It also screens developmental projects and offers advice in solving
problems to various governmental agencies. The apprdﬁch that the NESDB uses while
carrying out its duties is to consult and coordinate with the various government agencics
together with domestic and expatriate academics and experts in varjous fields. Also, the

NESDB quotes through various working groups and 'subcommitlees.

The Office of the Nafional Environment Board (ONEB) -- The  ONEB was
established in 1975 under the Ministry of Science, Tt;chnolog)", Energy. (MSTE).
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The ONEB has the following principle duties:

~

Fa

. 1.To perform works that are entrusted by the National Environment Board
(NEB)

2.To study and analyié the environmental conditions and quality to be used
for planning purposes, to determine standards of national environmental
quality, and to formulate guidelines for.its enhancement

~ 3.To recommend measures to the NEB for improvement and enhancement
of national environmental quality

4.To check and evaluate the results of compliance with, or enforcement of
laws, rules, and regulations concemning the prevention- and the
conservation of environmental quahty by government agencies, state
enterprises, and private organizations, and to report to the NEB

5.To receive for consideration and remedy a petition from any person
concemning aggressive or damaging acts having an adverse effect on
environmental quality

6.To act as the center for coordination and public relations environimental
quality matters within the country and for contacts with foreign countries
on environmental matters

7.To promote or carry out studies, research, and dissemination of
information on problems of environmental quality in coordination with
educational establishments and other agencies

8.To promote and encourage the study of environmental quality at every
level of education

9.To perform other functions as may be designated by law to be the

responsibility of the ONEB

The National Environmental Quality Act (NEQA) does not give direct
enforcement capability to the NEB. However, it empowers the ONEB (o issue
ministerial regulations for certain designated projects requifing them to submit an
Environmental Impact Assesment (EIA) o be approved by the NEB for industries of a
certain size. The ONEB can make recommendations to responsible agencies such as the
Ministry of Industry (MOI) concerning pollution problems requesting them to use their

enforcement function.

POLICY- IMPLEMENTING AG EN(IES

The Department of Industrial Work (DIW) -- The DIW is under the MOI and is in charge
of administering the Factory Act and other acts relating to the operation of factories.

In conjunction with its provincial offices, the DIW is responsible for all activitics
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- conceming industrial environmental services and controlling and enforcing the Factory

Act throughout the country. In the area of regulation, the DIW has instituted a number of
programs to license industrial disgharges, enforce efﬂﬁant standards, monitor :work,
provide central treatment facilities for hazardous waste, and provide training programs
for waste treatment operators. The DIW licensing program covers all aspects of
industrial activity such as boiler safety, building code requirements, worker sanitation

and health, wastewater discharge, air emissions, odors; community health and safety, and
industrial solid wastes. The DIW activities in industrial pollution control industries

consist of the following:

1.Licensing System Prior to Construction - Review of treatment system
design and/or measure in control pollition (water, air, hamrdous waste,
and 1industrial solid waste) prior to construction.

2.Licensing System Prior to Operation - Inspection of treatment facilities
according to the design previously submitted to the DIW.

3.Factory Monitoring Pollution monitoring work is performed by the DIW
at end of pipe (for both water and air) for efficiency inspection. The DIW
is empowered by the Factory Act to enforce the following orders.

4 License Renewal - Every three years, factory licenses must be renewed,
and the DIW will inspect a factory whcn necessary -- especially those with
violation records.

5.Industrial Complaint - In case of a complaint related to mduc(rnl
pollution, the DIW will inspect the treatment system and follow the
procedure in step 3. ‘

6.Factory Expansion License - For every factory expansion, the DIW will
review the existing treatment system in relation to the proposed expansion
capacity for its viability. '

7.Treatment Design Service - The DIW gives treatment design'service free
of charge to a factory with a small production capacity.

8.Central Treatment Facility - The DIW has constructed central treatment
systems to facilitate waste from sugar refineries in Ratchaburi Province
and Kanchanaburi Province and from a hazardous waste treatment factory
at Bangkhuntien.

9.Training for Treatment Operation - The DIW conducts training courses for
industry wastewater operators and for technical staff employed by
industry.

Within the DIW, the One Stop Service Center is responsible  for issuing a

factory license for industrial activity that was not by the promoted BOI as

wel] as for

managing to obtain further permits needed for the following industries and activities:

food processing, drug, cosmetic, toxic materials, furniture, animal feed. building

building construction building, storing fuel oil, and operating artesian well water.
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The Industrial Estate Authority of Thailand (TEAT) -- The IEAT, founded in 1972, is
a public enterprise under the MOI. A primary objeétive of the government is to accelerate
ind.ustria']ization and urban development planning through implementation of well-
equipped industrial locations as a way to help solving the problem of urban deterioration.
The IEAT's responsibility encompasses the planning, developing, and management of
industrial estates and export-processing zones throughout the country. The projects are
managed either separately by the IEAT or in cooperation with private enterprise.

The industrial estate is divided into two zones:

General Industrial Zone (GIZ) - This area is designated for industrial activities or other

activities beneficial to or connected with industrial activities.

Export-Processing Zone (EPZ) - This area is designated for industrial activities or other

activities beneficial to, or connected with, industrial activities for the purpose of expoh

products.
The following were laid down as objectives of IEAT:

1.To procure suitable land for the establishment or expansion of industrial
estates or for other business beneficial to or connected with JEAT |

2.To improve land under the first objective in order to provide services as
well as other facilities for the operation of industrial operators such as
providing roads, drainage systems, wastewater treatment plants, eleciricity
and water works

3.To let sale by hire-purchase and sale of immovable or movable properties
in an industrial estate or for direct benefit of the activities of an industrial
estate ’

4. To carry out other ‘businesses beneficial to, or connected with, the
activities which are within the scope of the IEAT's objectives

5.To cooperate with other persons in carrying out the objectives under (1),
(2) or (3) including being a partner with limited liability in a limited
partnership or a shareholder in any juristic person whose objectives are
beneficial to or connected with the activities which are within the scope of
the IEAT's objectives

6.To promote and regulate industrial estates for both private and state -
agencies . :
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To achieve its tasks the IEAT is carrying out the following activities:

1.Surveying, planmng, dcmgmng, construction, and maintenance of facilities
and provxslon of services to andustrial operators and persons engaged in
activities beneficial to or connected with industrial operators

2.Designation of categories and size of industrial activities permissible in
an industrial estate ,

3.Supervision of living conditions of workers in an industrial estate

4.Control of the operations of industrial operators, of persons engaged in
activities beneficial to or connected with industrial operators, and of
persons utilizing Jand in an industrial estate in accordance with rules,
regulations, and laws including the carrying out of works in connection
with public health and affecting environmental quality.

S.Investment
6.Borrowing of money for financing activities of the IEAT

7.Issuance of bonds or other instruments for investment

8.Inspecting and certifying of kinds and quantity of raw materials or
products or the kinds and number of machinery in the case where it is
necessary to issue certificates or in the case where they are brought into or
taken out of an industrial estate

9.Renting of immovable or movable property and maintenance fees for
facilities as well ns service charges in an industrial estate

i

10.Providing necessary services and facilities to industrial operators in
industrial estates
Although the activities list does mention environmental quality, the IEAT does

not have a formal environmental unit to handle work at either the feasibility stage or the

operational stage.

Department of Health (DOH) -- The DOH is under the Ministry of Public Health
(MOPH) and is in charge of the Public Health Act (PHA). Besides implementing the
government's health  program, it is also responsible for environmental protection
pertaining to waste disposal environmental monitoring, and environmental conditions in
the work place. The work is being undertaken by two units, namely the Occupational
Health Division and the Environmental Health Division. The Occupational Health
Division is concerned with environmental conditions in the work place. The
Environmental Health Division is responsible for .environmental protection pertaining to

the disposal of wastes from communities and hospitals and for environmental monitoring.

The Board of Investment (BOT) -- The BOI was set up in 1960 and is Thailand's central
investment planning authority, with wide discretionary powers to promote both foreign

and domestic investment, especially in the industrial sector. The activities of the BOI
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have been concentrated in the provision of investment incentives to targeted industries. In
1972 the BOI began to provide extra incentives to particular areas outside Bangkok. The
main functions of the BOI include the foliowing: '
1.To disseminate mfonnatlon regarding thc investment chmate together
with attracting investment in target mdusmes

2.To establish an investment center to provxdc services to, investors
including the obtammg of various permits, pI'O)CC( preparation ‘assistance,
and identification of project partners ,

3.To analyze project applications for mvcstmcnt promotion and to verify,
control, and evaluate projects which received promotion privileges

4.To identify investment opportunmcs and promote new industries

Under the BOJ, the Investment Service Center (ISC) was established to facilitate
investors' obtaining all permits and registrations to operate a factory. There are two
centers established to provide full service to investor: (1) The Center Office of the Board
of Investment is rcsponsib]e for issuing factory licences for BOI-promoted activity, as
well as managing to obtain furiher permits; and (2) The Center in the Department of
Industrial Works is rcsp0n51b]e for issuing factory licenses for nonpromoted activity as

well as for managing to obtain further permits.
3

The ISC is empowered to issue permits for the establishment or expansion of
factories, or for factories operation, and will coordinate with the related agencies to
obtain other permits within 90 days of the date of application. In relation to
environmental requirements, certain industrial projects have to conform with all the
requirements stipulatcd‘by the ONEB and the MSTE prior to BOI promotion.

PRIVATE SECTOR IN STITUTIONS RELATED TO
INDUSTRY/ENVIRONMENT

The Industrial Finance Corporation of Thailand (IFCT) -- The IFCT was
established by the government under the Industrial Finance Corperation of Thailand Act
in 1958 (2502) during the same period when the BOI was sel up. The principal purpose
of the IFCT is to provide investment capital for the establishment, expansion, and
modernization of industries in Thailand. The IFCT appraisal process includes marketing,
financing, and engineering analyses. (The Industrial Management Co. Ltd., an affiliated
company of the IFCT, was established in 1977 to provide consultancy services in the area
of industrial management, and rescarch services on economic and industrial issues to

both the public and private sectors as well as international institutions. The consultancy
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services include feasibility studies, marketing research, éccountin'g and production .
systems designs, and staff training). The key criterfa are dcbt-equi(y ratio -- Jong-term
debt should not exceed 60 percent of total equity -- cash flow adequacy, and an interest
rate of return (IRR) at'least equal to the opportunity cost of capital. The IFCT does
provide investment capital needed by industries to implement in-plant waste treatment

as part of the loan package.

The Federation of Thai Industries (FTI) -- The FTI, originally founded in 1967 as
the Association of Thai Industries (ATI), is a legally representative body of the industrial
private sector in Thailand. It plays a key role in bringing about cohesion between the
private and the government sectors based on mutual benefit through the Joint
Public/Private Sector Consultative Committee (IPPSCC). At present, FTI consists of
more than 1,800 members. These are grouped into 24 industrial clubs and six provincial
subcommittees. Each club has its own representative to the FTI. Through coordination
with the MOI, the FTI plays-an important role in promoting industrial development
which falls under the responsi'bility of the MO, namely,' plant establishments,
applications for promotion privileges, production, increases in technological input, etc.

In accordance with FTI Act of 1987 (2'530), the main functions of the FT]

" include the following:

I.To act as a spokesman for manufacturers who form a major part of the
private scctor in coordinating with the government in mattcrs relating to
industrial policies and production

2.To promote activities to benefit the manufacturing sector
3.To seek remedial action for any probleins arising in the industrial sector

4.To promote and improvise services to members, such as feasibility studies,
research, training, dissemination of information on technology, and
technical knowledge related to manufacturing (these may be organized to
serve the need of the general public as well

5.To assist in conducting tests on products and to issue certificates of origins
and product quahty certificates

6.To advise the govemment on raising the country's industrial input for
CCOHOITI]C development

1.To glve encouragement to manufacturers and, at the same, time serve as a
forum for industrialists in various flelds to exchangc views which would
be beneficial to the industry

8.To ensure that members comply with industrinl standards and regulations
Jaid down by the government

9.To engage in other activities as governed by other laws concerning the
IFT1 or assigned by the government agencies '
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The  Industrial Environmental Management Subproject IEM, under the
lmar“lagcmcnt of the Natural Resources and Environment for Sustainable Development
Project' (MANRES) funded by USAID, is opera't'cd by the FTI to promote greater
awareness among Thal industrialists of fundamental environmental problems. The FTI is
charged with maintaining a?n effective ~ liaison with the MOI, the ONEB, and other
relevant RTG agencies using FTI channels and mechanisms with in the public sector.

The activities of the FTI on IEM consist of the following:

1.Establish  constructive dialogue between various interest groups on
specific policy issues

- 2.Introduce and disseminate lnformauon on expenence and technology
available '

3.Discuss relevant 1ntematxonal experience with the application of
incentives/disincentives to bring about behavioral modification- by °
industrial users :

4.Support the development of action plans for eventual implementation by
participating Thai industries

5.Support technical assistance to the Thai industrial sector in cooperation
with lending organizations and industries from the United States, focusing
in the areas of industrial pollution control, toxic and hazardous waste
management, and work health'and safety
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Appendix 10 Foreign Investment

Foreign Investment Pattern by Country of Origin

__(Percentage)
Percentage Share by Annual Growth Rate by
Country 1980 1985 1986 1987 1988 1989p ¢ 1980-85 1985-86 1986-87 1987-88 198%p c
United States 18.9 542 18.7 20.1 113 14.2 26.7 (65.5) 7.2 (44.0) 719
Japan 233 3438 " 4.1 38.1 51.7 50.2 11.2 26.7 (18.1) 429 4.1
EEC. 20.0 9.7 7.4 10.4 8.0 9.3 amn (23.8) 41.1 (23.4) 112.4
United Kingdom 2.1 28 3.6 3.0 3.1 3.8 8.1 319 0.0 (14.0) 390.8
W. Germany 8.8 38 23 5.0 2.2 1.5 6.4) (38.6) 113.8 55.6 0.1
France 03 33 1.3 1.5 1.0 3.0 61.7 (59.4) 1.4 (32.0) 140.2
Netherlands 0.4 (1.0) (0.8) 08 1.0 0.3 (23.8) 14.6 (200.0) 24.4 (2.5)
Ttaly 4.0 0.3 1.1 0.1 0.1 0.4 14.0) 360.0 93.0) 25.0 335.4
Australia 1.0 (1.8) 2.1 03 0.1 0.4 (24.7) (217.8) (86.8) (46.4) 169.1
Canada y 0.8 0.5 0.1 0.2 0.4 13.1 (3s.1) (76.9) 75.0 (15.8)
Switzerland 1.9 1.8 4.0 8.7 20 0.1 1.3 121.7 117.8 (77.1) 177.0
Asian NIEs 36.2 (6.9) 21.7 22.8 284 39 (12.3) (412.1) 42 26.1 ©.1)
Hong Kong 28.7 14.7 138 8.8 10.8 20.2 (7.2) 6.2) (36.4) 228 23.4
Korea 0.3 0.1) 0.1 0.2 1.1 10.1 (10.5) (187.5) 2571 3240 (23.8)
Singapore 72 (35.5) 5.8 59 5.4 0.5 (38.2) (122.9) 1.4 ©.1) 116.7)
Taiwan 0.0 39 1.9 7.8 11.2 (0.9) 145.1 (50.5) 295.8 47.2 45.4
Asean-4 4.0 09 ©0.8) 0.0 0.3 18.5 (L7)  (1659)  (100.0) 0.0 (39.3)
Brunei 0.0 0.1 0.1 0.0 0.0 0.0 9999 (37.5) (60.0) (100.0) (26.8)
Indonesia 0.1 0.2 0.1 0.1 0.1 0.0 11.8 (37.5) (30.0) 14.3 255.0
Malaysia 39 0.4 0.1 ©0.1) 0.2 13.4) (74.4) (190.9) (270.0) (296.2)
Philippines 0.0 0.2 (0.9) 0.0 0.0 (0.1) 52.8 (473.9) (100.0) 0.0 26.1
Other 2.1 6.5 2.1 1.7 1.9 22 28.5 (67.8) (17.3) (213.4) (20.1)
Total 100.0 100.0 100.0 100.0 100.0 100.0
Total amount 3,878.2 4,4022 6,908.1 9,043.7 28,243.8 17,132.8 2.3 58.9 309 2123 38.5

(Million baht)

Notes: a/ Equity and loans from parent or related companies including capital funds of foreign

commercial banks.

" b/ The calulations are based on the net inflow of foreign direct investment,
and do not include net capital outflow of Thai investors (equity investment).
¢/ Data refer to January-June.

Source:

Bank of Thaifand.
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Distribution of Foreign Investment by Sector

(Percentage)
Type of Business Percentage Share b/ Annual Growth Rate b/
1980 1985 1986 1987 1988  1989pc/ 1980-85 1985-86 1986-87 1987-88 1989p ¢/
1 Financial institutions (4.5) (29.1) 7.4 4.9 9.5 11.5 (49.2) 139.9 (13.2) 515.1 166.3
2 Trade 19.4 248 25.8 9.4 13.9 17.7 7.6 64.9 (52.2) 380.9 102.5
3 Construction 20.2 36.0 17.9 14.9 5.9 9.2 15.2 (22.1) 9.2 43.7 109.2
4 Mining & quarrying ) 15.4 11.7 3.5 32.1 1.7 1.8 2.6) 55.4 (20.1) 148.1 19.7
4.1 Oil exploration 11.4 9.8 34 28 1.4 1.7 (0.5) (45.0) 6.3 58.8 23.8
4.2 Other 4.0 2.0 0.1 0.7) 03 0.1 (X)) (95.6) 1,660.5 (224.1) (23.4)
5 Agriculture 5.4 1.8 29 32 1.1 ©0.1) (10.3) 162.9 41.4 715 (111.5)
6 Industry 26.2 30.9 30.7 52.5 57.9 47.1 6.0 56.4 123.6 244.2 2.7
6.1 Food 2.5 9.0 42 4.8 4.4 3.5 34.1 273 52.2 181.6 45.2
6.2 Textiles 0.0 1.4 1.2 11.0 4.0 (1.1) 109.0 43.1 1,061.8 12.4 (166.3)
6.3 Metal based and non-metallic 1.2 2.9) 0.3) 4.0 6.9 7.0 (29.3) 82.0 (1,715.5) 136.9 13.9
6.4 Electrical appliances 11.8 8.4 8.9 12.6 223 189 (6.6) 120.4 84.2 155.1 15.8
6.5 Machinery & transport quipment 2.4 0.7 0.2) 1.8 26 22 (10.6) (146.6) 973.2 154.8 (9.0)
6.6 Chemicals 5.5 11.1 7.0 9.6 6.9 6.7 18.0 0.8) 79.4 1243 59.7
6.7 Petroleum products 0.1 0.0 0.1 0.2) 3.0 0.0 (14.8) 999.9 292.7) (5,375.9) 100.0
6.8 Consturction materials 0.1 0.9 0.1 0.1 0.1 0.3 93.8 (85.9) 16.7 3254 1,166.9
6.9 Other 31 43 9.8 8.8 7.8 9.8 9.7 254.0 18.2 175.1 40.1
7 Services 18.0 24.2 11.8 13.0 8.9 12.7 8.8 (23.5) 44.0 115.5 110.8
7.1 Transportation & Travel 5.5 4.5 3.7 24 1.4 1.0 (1.5) 29.2 (13.7) 85.0 7.1
7.2 Housing & real estate 38 6.9 0.6 3.6 32 4.8 15.2 14.0 668.6 171.4 267.7
7.3 Hotels & Restaurants 23 5.1 15 1.1 2.0 49 20.5 55.0 (6.5) 490.0 243.8
7.4 Other . 6.3 7.7 6.0 5.8 2.4 2.1 6.7 23.0 273 26.3 (14.4)
Total 100.0 100.0 100.0 100.0 100.0 100.0
Total amount (Milion baht) 3,878.2 4,402.2 5.908.1 9,043.7 28,243.8 17,132.8 26 58.9 309.0 2123 36.5
Note: a/ Equity an dLoans from parent or related companies including capital funds of foreign commercial banks.

b/ The calulations are based on the net inflow of foreign direct investment,
and do not include net capital outflow of Thai investors (equity investment).

¢/ Data refer to January-June.

p preliminary

Source:  Bank of Thailand.
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Appendix ‘11 Board of Investment - Promoted Industries, 1986 - 1989

BOI - Promoted Industries ,1986

A11-1

NUMBER | INVESTMENT{REGISTERED| THAl |FOREIGN NUMBER
PRODUCT CODE OF FUNDS CAPITAL | (Million | (Million | OFLABOR-
. FIRMS (M. Baht) (M. Baht) Bahts) | Bahts) | (Persons)
Prescrving of fish 31149 5 182 63 63 0 2426
Canning food N 11 825 243 189 54 5441
Textile finishing 32118 2 43 15 3 13 716
Non-rubber footwear 32400 8 321 91 69 22 4566
. Electrical appliance 38330 4 715 466 23 443 595
Electronic product 138330 14 1 1351 608 174 513 3088
Jewelry 39012 7 474 119 28 91 1006
Toy 39090 8 172 58 49 9 1749
Furniture 332 7 261 89 81 8 1656
Plastic bag 35601 3 64 15 8 7 297
Artificial Nower 32120 4 86 25 22 3 1343
Spining.weaving.printing 324 6 769 189 119 70 2306
Machinery & Engine 38210 20 9295 1534 1045 488 3541
Glass and ccramic 36200 2 210 201 © 20 0 1
‘Artificial food product 31219 3 43 15 14 1 1203
Jecther product 32330 8 241 60 42 18- 1709
{except footwear) ‘ ‘ "
rubber product 35599 17 720 275 195 80 1525
{(cr.cept rubber-hand) _
Chemica product 351-352 16 5094 704 326 377 1398
Plistic product 35609 7 141 57 a1 16 1102
(except plastic bag) ‘ . 3 ,
Para rubber wooden product 33190 6 660 202 172 30 897
Animal & other product 31219 5 839 133 89 44 541
Vegetable & fruit product 31219 37 2065 90| 666 124 5914
Waich and cquipment 39090 ) . 17 20 0 20 874
Glasscs and cquipment 39090 .2 84 10 | 0 10 154
Mectal tansformation 37120 15 1787 533 395 118 1585
Mincral 39090 9 577 249 199 49 1501
Paper RED DD 3 798 286 215 1 210
TOTAL : 230 27999 6869 4247 2699 46614
Sowce : Bowd of Investment



BOI - Promoted Industries, 1987

A

i

A11-2

- | NUMBER | INVESTMENT [REGISTERED| THAI | FOREIGN| NUMBER
* PRODUCT CODE|: OF “FUNDS .| CAPITAL [(Million] (Million OF LABOR

L : . FIRMS. (M. Bahts) (M. Bahts) | Bahts) | Bahts). (persons)’
Preserving of fish 31149 | - 19 102 204 . 198 6 4797
Canning food 311 21 1074 442 | 364 79 13007
Textile finishing 32118 1 10 -8 0 8 200

+ Non-rubber footwear 32400 | 28 1375 449 205 244 18522
Electrical appliance 38330 .22 2473 845 174 671 4559
Elcctronic product 38330 38 9234 b2107 657 1450 29541
Jewelry 39012 21 360 150 58 92 3453
Toy 39090 24 1200 -581 233 348 11467
Furniture |. 332 14 600 329 215 113 3504
Plastic bag 35601 4 129 35 33 2 626
Artificial flower 32120 9 229 59 32 27 m

" Spining,weaving,printing 321 63 22310 5281 3839 1442 43548
Machinery & Engine 38210 41 3067 889 401 488 7952
Glass and ceramic 36200 6 426 81 57 24 1801
Artificial food product 31219 6 194 82 57 25 791
leather product 32330 15 270 100 40 60 2963

- (except footwear) '

_rubber product 35599 28 1639 437 276 161 3572
(cxcept rubber-hund) _ ‘ )
Chemical product 351-352 32 4000 1364 696 669 2659
Plastic product 35609 27 1054 368 210 150 4251
(except plastic'bag) '

Para rubber wooden proJuct 33190 12 568 146 146 0 147
Animal & other product 31219 10 2456 1033 334 699 8874
Vegetable & fruit product 31219 20 1436 326 178 147 2745
Watch and equipment 39090 2 30 6 0 6 113
Glasses and equipmerit 39090 5 211 49 | 11 30 874

.Melal transformation 37120 39 4317 1203 563 719 4613
Mineral 39090 5 157 52 44 7 51
Paper 34111 4 145 47 41 6 350
Rubber-hand 35599 6 605 36 19 17 1205
Bamboo wooden product 33190 2 17 '5 4 1 172
Color electric product 38393 14 579 | ¢ 168 32 136 8574
Rice product 31169 6 488 162 127 34 117
Sport goods 39030 6 508 289 30 259 2489

TOTAL 550 61863 17333 | 9274 8120 193781
Source  : Board of Invesment



BOI - i’mmolcd Industries, 1988

Sowrce

A11-3

1 R : 3 . R
: NUMBL INVESTMENT | REGISTERED THAI |[FOREIGN NUMBER
- PRODUCT CODE| , OF FUNDS CAPITAL (Million | (Million.| OFLABOR
___|PRMS| (M. Bahn) (M.Baht)__| Bahts) | Bahts) | (Persons)
-Preserving of fish 31149 6| - 279 | 92 46 46 2307
Canning food . 311 25 1085 | 395 315 80 11430
“Textile finishing 32118 2 132 160 27 34 610
Non-rubber footwear 32400 43 3363 959 561 398 30064
Elcctrical appliance 38330 41 11317 3126 . 475 2651 12302
‘Electronic producl 38330 | 112 123541 8311 957 7354 53082
‘Jewelry 39012 32 1097 300 114 186 ' 8185
Toy 39090 29 © 1865 11 159 452 18239
Furnilure 332 44 1620 18 403 15 10148
"Plastic bag 35601 8 . 180 82 32 50 1348
i Artificial Dower 32120 11 C209 94 58 36 4165
‘Spining, weaving,printing 321 66 +:14733 3650 2756 - 894 17052
Machincry & Engine 38210 92 113822 4886 1347 3539 17359
Glass and ceramic 36200 25 14417, 361t 1244 2367 6914
'Astificial food product 31219 6 21 91 84 6 1295
Jeather produclt 32330 15 584 201 107 93 7096
{excep! footwear) ‘ _
rubber product 355991 209} - 9579 12767 2302 465 22211
(cxcept rubber-hand) ' : _ ‘ :
Chemical product 351-3521 58 35516 . 9560 5156 4404 4793
Plastic product 35609 9] 9029 3115 1540 1575 19164
{except plastic hag) i
F'ara rubber wooden product 390 17 3667 1188 777 412 3297
Animal & other product 31219 20 1623 632 404 228 4150
Vegelable & fruil product 31219 65 3694 1210 840 370 8236
Waich and equipment 39090 13 1912 1185 53 1131 4459
Glasses and equipment 39090 4 85 13 6 7 426
Metal ransformation 37120 61 8096 2045 1042 1003 9163
Mineral 39090 17 945 402 344 58 2727
paper 34111 23 14794, 4019 2512 1506 6063
Rubber-hand 35599 113 8151 2488 1488 1000 25025
Eamboo wooden product 33190 21 148 7 47 24 2022
Color clectric product 38393 12 314 178 24 154 5507
Rice producl 31169 7 442 229 176 53 686
Sport goods 39030 26 847 331 78 253 5898
Prescrving of chicken 31219 2 537 66 637 24 4530
TOTAL 1316 187894 5708 26111 ] 30968 330174
: Board of Investment

t
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Appendix 12. "

Sample Case : Fund/Auditing System Operation

Hazardous-waste-producing firm H wishes to obtain a license to operate a plant in
1991 to produce 5,000 tons!of fabricated aluminum frames using technology X.
According to the technical coefficients of this technology, a ton of output generates 0.2
tons of heavy metals. Based on current estimates of transport, treatment, and disposal
costs, one ton of heavy metals costs 1,200 baht to collect, treat, and safely dispose of
(including management costs). Therefore, company H would deposit a payment of 1.2
million baht (5,000x0.2x1,200) with the fund as a waste charge, and a bond or bank
guarantee of 1.2 million baht, and would obtain the necessary documentation for securing

an operation license from the Departrent of Industrial Works (DIW).

Company H would then tell Treatment Facility T to collect 83 tons of hazardous
waste (heavy metals) on a monthly basis from its production plant. Once the waste was
collected, the corresponding part of the bond could be released by the fund to Company
H without interest. If Company H preferred to obtain interest, it should not demand

return of its bond until the end of the year.

Treatment Facility T would treat the waste as contracted with the fund and would
dispose of it at Disposal Facility D, which would then verify the disposal of the specified
guantity and type of hazardous waste. Copies of the receipts issued by both Treatment
Facility T to Company H and by Disposal Facility D to the treatment facility would be
sent to the fund. At the end of the year, company H and the treatment and disposal
facilities would have to submit an environmental auditors report to secure the release of
their bonds with interest. If Company H had produced and delivered waste in the range
of 950 tons to 1,050 tons, the full bond would be returned or applied to the following year
of operation. Production of waste above 1,050 tons would be unlikely since the

Al12-1



presumptive rate of 1,000 tons for éompany H had been set at the maximum for the type
of industry and technology and the level of output. Production of waste lower than 950
tons, would be both Iikély’_ and desirable. '

In the event that Company H's ehvironmental au!di’torsAr"eport that only 850 tons of
waste were produced and delivered, Company H would have the choice of either
accepting a return of 5 percent of the boiid or claiming a rebate on the grounds that it is a
more efficient operation who generated less waste. In the latter case, the fund would .
conduct it own audit ahd tandom inspections during the following year to verify
Company H's claim. If verified, Company H would receive both a rebate and the balance
of the bond with interest, and its presumptxve rate: would be lowered to 850 tons for the
following year. This fower waste/output coefficient (presumptlvc rate) could be retained
as long as it was upheld by subsequenl audits and random inspections. Company H
would have an incentive to try to minimize waste by improving its efficiency and
technology, or by doing part of the treatment itself to reduce the volume of waste sent for
central treatment, as long as these efforts cost less than the cost of the central treatment.
The same process as that outlined above would be used by the fund to verify new
reduction in waste/output ratios reported in the company's annual environmental auditing

report.

1
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BOI - Promoted Industry,1989

NUMBER INVESTMENT | REGISTERED THAl |FOREIGN NUMBER
PRODUCT CODE OF FUNDS CAPITAL | (Million | (Million { OF LABOR
FIRMS (M. Baht) (M. Bah) Bahts) | Batits) | {Persotis)
Preserving of fish 31149 28 3662 - 645 553 93 18129
. Canning food * - 31 14 1083 303 196 107 5812
Textile finishing 32118, 16 1827 550 319 231 11102
Non-rubber footwear 32400 26 1780 598 236 362 17116
Electrical appliance 38330 23 6729 1714 33 1383 11954
Electronic product 38330 100 18633 4702 734 3968 44140
Jewelry 39012 i 38 1363 . 539 196 343 11639
Toy 39090 - 27 805 281 128 152 10180
Fumiture 332 1 588 176 107 69 | 3077
Plastic bag 35601 6 276 185 145 40 |. 1066
Artificial flower 32120 14 375 162 119 43 4547
Spining,weaving,printing 321 52 10312 2257 1619 638 8306
Machinery & Engine 38210 76 8277 2870 1163 1707 12694
Glass and ceramic 36200 19 2027 664 295 369 . 41M
Artificial food product 31219 -3 164 .50 43 7 1205
leather product 32330 20 1311 " 342 200 1 142 4470
(except footwear) !
rubber product 35599 43 1816 - 878 303 575 4800
{except rubber-hand)
Chemical product 351-352 39 19935 4857 3049 1808 - 4600
Plastic product 35609 70 6186 1853 1066 786 12621
(except plastic bag) ‘
Para rubber wooden product 33190 3 845 260 143 118 926
Animal & other product 31219 13 1796 42] 275 146 6610
Vegetable & fruit product 31219 69 627! 1482 1073 409 12908
Watch and equipment 39090 8 461 92 13 74 2248
Glasses and equipment 39090 7 1236 82 14 367 1400
Metal transformation 37120 80 27060 6594 3459 3136 16539
Mineral 39090 13 1322 438 272 166 1296
Paper 34111 48 30867 5619 4401 1217 10212
Rubber-hand 35599 20 1503 467 278 189 5849 -
Bamboo wooden product 33190 10 85 45 a2 13 1199
Color electric product 38393 10 545 182 26 157 4691
Rice product 31169 2 132 30 12 18 236
Sport goods 39030 20 1084 315 124 190 5698
Preserving of chicken 31219 3 263 64 48 16 1355
TOTAL 931 160622 40017 20977 1 - 19039 262739

Sowrce : Board of Investment
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Appendix 13

AN EXAMPLE OF POLLUTER PAYS
PRINCIPLE

It seems to be a new thing when one talks about application of polluter pays principle and

pollution charges in Thailand. Actually, it has been in practice for years in most industrial
estates and central waste treatment plants The central treatment facilities for sugar industries
at Ta Maka, Kanchanaburi Province, is a typical example of an application of polluter pays
principle in Thailand. Although its application in Thailand has not exactly corresponded to the
theoretical concept, the review of its evolution 15 Wworth tinderstanding of how the principle works
in the Thai context.

BACKGROUND

During the last 20- 25 years, sugar industry have developed very rapidly along the Mae’
Klong River especially in the Ta Maka areas, Kanchanaburi Province. In 1972-1973, industries
along the Mae Klong River which most are sugar factories has discharged their wastewaters into
the river so large in volume and organic load that the river could no longer naturally reaerate and
treat herself fast enough to maintain aerobic condition. Consequently, the Mae Klong River
became heavily polluted. The river environment beginning from Ta Maka down to Samut
Songkram Province was 50 polluted that many tons of fish and other aquatic lives had been
killed.

Outcomes of the severe pollution in the Mae Klong River in 1972 - 1973 drew markedly
public attention and also many complaints from various sources. This event push forward the
Thai Govermment to realize the significance of the environmental protection. The crux of the
situation was that the companies were required by DIW to participate in order to stop discharging
heavy pollution loadings into the river by constructing a 400-rai (158 acre) waste stabilization
pond system to treat their wastewaters. DIW financed the development costs and operated the
facility for the first seven years.

DESIGN AND DEVELOPMENT

The plant was built in two stages, the second following closely after completion of the
first. The first stage cost B 14 million and the second B 7 million. Land acquisition prices were
B 10,000 per rai in 1972 which would indicate that about 20 percent of development costs were
for land acquisition. The collection system consists of about 12 km of 12 inches diameter steel
pipeline. The pipe was fabricated from seam-welded steel plate and.was without internal or
external lining. There is another five km of pipeline which distributes treated wastewater to
various rice and sugar cane farms. All wastewater delivered to the treatment plant is puinped

and all effluent discharges are by gravity.

A13-1



OPERATION AND MAINTENANCE o

The sugar harvest period during which the mills are in operatiofi runs from about
December through March. Each company is assigned a period of time on specified days when
it may deliver wastewater to the plant; only oneé plant delivers wastewater at any given time. A
series of check valves directs the flow to the treatment plant, preventing it from backing up in
the collection system. Thus all factories must have adequate storage to cover the periods between |

their scheduled delivery times. .

After the initial seven year period during which operations were directly under DIW
control, the system has been operated under the direction of two committees set up by the
participating companies. These are the Engineers Comnittee which handles all technical matters,
and the Managers Group which handles all financial and planning matters. The management
approach has been to hire and operating contractor to take care of all operating and maintence
functions; the contract is rebid annually, but the present contracotr has been awarded the contract

for the past seven years.

The Managers Group has 15 members including an official from DIW. During the

~ operating season, DIW’s official is present at the site on a full time nasis for overall supervision

and control of plant operations and contractor performance.

There are a total of 14 full time employees, furnished by the participating companies, but
paid through the contractor. Staff are basically Jaborers except for a laboratory technician and
an assistant laboratory technician.

FINANCE

‘ The original funding for development of the CTF was obtained from the Sugar Fund
which is a fund created from a fax on sugar sales and is used to stabilize sugar prices. Each
factory was required to pay a share of capital costs, based on the quantity of raw material
processed, as though it had horrowed its share of the costs of development through a three year
loan at 7 percent interest. In effect, the approach permitted the participating firms to make theit
contributions to initial capital over a three year period.

Major replacements are finaced on a cash basis through direct charges to the participating
firms. For example, the B 8 million for pipeline replacement was chared to the participating
firms as part of the annual costs of operations and maintenance for that year.

The basis for sharing operating and maintenance cost has evolved over the years form one
that originally considered only the quantity of sugar cane processed, 1o one that gives increasing
weight to the qualtity and waste Joading characteristics of the wastewater. After the initial period
of sharing costs based only on raw material processing quantities, costs were shared with 50
percent weight being given to raw material quantities and the remanining 50 percent to waste
flow quantites and strengths. From the 1987 onward, the ratios have been changed to 40 percent

A13-2.



weighting on raw material processed, and 30 percent each on wastewater volume and waste
loading. This evolutionary proces has been promoted by several firms which have the most
efficient and effective houskeeping in their factories. the Managers group meers each three
months to determine each compaity’s share of consts for the quarter: Until the raw material
processing records are domplele ofr the current year, the previous year’s records are used.
Adjustments are made during subsequent billing periods as appropriate. :

- The system employed for cost sharihg is not oriented to producing a unit charge for
wastewater delivered. However, it is possible to derive such figures based on the total share of
costs allocated to a particular factory and the volume of wastes delivered for treatment. These
unit figures vary from firm to firm and from year to year. They are éstimated to range between
B 1 and B 2 per cubic meter. For the billing period examined, the average for all firns was B
1.8 per cubic meter.” The exact unit cost does hot seem to be of critical importance. The
treatment facility and its operation are simple and low cost and represent good value to the
participaitng companies. Total costs for 1986 were B1.02 million. This represents only about
0.1 percent of estimated gross revenue, after deducting revenue shared with the farmers for raw
materials. Additional costs are incurred in-plant by each company for pumping and pH control,
but these are not major items.

REFERENCE

Watson Hawksley (1987), Samiuutprakarn Industrial Pollution Control and Management. Volume
3 : Appendixes. )
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