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Chapter 1 

Introduction 

The closing decades of the twentieth century will be known in the economic history of 
Thailand as the years of the great economic and social transformation; from the farm to 
the factory, and from the village to the city. Industrialization, urbanization, and energy 
consumption are riding trends and trajectories that cannot be reversed. The underlying 
economic and demographic imperatives and dynamics, set in motion by necessity, 
opportunity, and aspiration, will bring more rural people into crowded cities and more 
farmers to the assembly line. The benefits are undeniable. But there are also costs. The 
pollution, congestion, and traffic jams of Bangkok are a stark contrast to the peace and 
tranquility of the pastoral countryside. There is little doubt that the benefits of this 
transformation exceed the costs, but failure to take these costs into account allows them 
to become higher than necessary, and to be shared inequitably. 

The benefits, in terms of jobs, higher incomes, more consumption goods, and 
ultimately better living standards, are largely private; the costs, in terms of congestion, 
traffic jams, air pollution, noise nuisance, uncollected waste, and water pollution, are 
largely social. This results in dissociation between those who generate these costs and 
those who are affected by them, even if ultimately they are the same people. The fact 
that the social costs of industrialization and urbanization are not borne by their generators 
directly and proportionately, but instead they are added to the common pool of 
environmental impacts and social costs, means that there is no feedback system to control 
these costs in the way that the profit motive creates incentives to minimize costs in a 
business. In fact, larger private profits often result from higher social costs, at least in the 
short run. A classic example is the free disposal of waste in public places by industries 
and households who seek to avoid paying the cost of safely disposing of their waste. 
They are, in effect, asking the society at large to bear the cost for them, any cost for any 
quantity of waste they happen to produce. 
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With environmental impacts and social costs unccnstrained by any economic or 
social imperative, there is no guarantee that the costs of urbanization and industrialization 
will not one day exceed the benefits. But even now, many of society's benefits from 
urbanization and industrialization are being dissipated by medical expenditures, loss of 
working time, deterioration of health and property, and diminished quality of life. 
Taxing the general public to clean up the environment may help reduce some of these 
costs, but ultimately this is little more than a conversion of one cost into another, and an 
explicit subsidi-ation of the polluters by the taxpayers. Public funding for cleaning up 
waste, simply makes room for more waste; it is merely a treatment of symptoms not of 
causes. 

There is clearly a price to be paid, for urban and industrial development and 
associated energy consumption, which is not reflected in the prices of energy, vehicles, 
industrial products, or urban land. It is the cost of the waste, pollution, and congestion 
that the production and consumption or use of these commodities generate. The sooner 
this price is paid, and the more direct and proportionate the payment, the lower and more 
affordable this price will be. Direct payment means payment by the very generators of 
waste (the polluters), who are also the direct beneficiaries of urbanization, 
industrialization, and energy consumption. This is why it doesn't matter whether we 
follow the "polluter-pays-principle" or the "beneficiary-pays-principle"; they are the 
same people. In the first instance, they are the producers'of fuels, electricity, industrial 
products, and urban development; ultimately, they are the consumers of these products 

and services as well. 

When the producers pay for pollution and congestion in the first instance, they try 
to absorb as much of the cost as possible to avoid a reduction in sales, by modifying their 
production process, improving their technology, changing their inputs, treating their 
waste, and even inventing new products that generate less pollution. But any part of the 
pollution cost that the producers cannot easily and inexpensively absorb, they shift onto 
the consumers in the form (.i"higher prices. The consumer then has the option to modify 
his consumption behavior by consuming less of the polluting product and more of its 
less-polluting substitutes whose prices have not risen by as much. Thus, each maximizes 
what he has control over: the producer his production, and the consumer his 
consumption. The ultimate outcome is that pollution is reduced to the desired level, at 
the minimum possible cost. The only alternative is reduction of pollution at a much 
higher price through costly subsidies and public investments, paid by the taxpayer who 
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has no control over either production or consumption. Without a feedback system to the 
producers and consumers of the waste-generating products, pollution and the cost of 
centrolling it will continue to increase exponentially with industrialization, wiping out 
much of the gains from growth. 

On the other hand, if the cost of pollution control were recognized as the price of 
success, and paid directly by the polluters as they go along, the impact on economic 
growth would be minimal, not exceeding one percent of Gross Domestic Product. This 
is a small price to pay for safeguarding the benefits of industrialization and preserving the 
quality of life. Paying the price for industrialization, energy consumption, and 
urbanization according to the polluter-pays-principle would ensure over the long run that 
Thailand acquires the right kind of industries, the right type of urban development, and 
the right mix of energy use. This matter is of utmost urgency. Although Bangkok and its 
environment are still livable, every day that passes without effective action larger 
quantities of increasingly hazardous waste build up, and more factories, more vehicles, 
more power plants, and more urban developrment of the wrong kind are put in place 
making the task even more costly and difficult in the future. These are the formative 
years of Thailand's cities and industries, when a great deal can be accomplished at 
modest cosL 

The objective of the thice studies synthesized in this report, is twofold: first, to 
calculate the environmental price of industrialization and of the associated growth in 
urbanization and energy consumption; and, second, to propose policy measures and 
mechanisms for minimizing this price and paying it as we go along, so that no pollutants 
and no unpaid social costs accumulate to undermine the quality of life today and the 
economic growth and stability of the future. 



Chapter 2 

The Issues 

Industrialization, urbanization, and energy consumption are closely related. Industries 
are attracted to urban centers, especially Bangkok and its satellite provinces, because of 
the availability of infrastructure and services, and the proximity to markets and ports. 
The rural population is attracted to the urban centers because of the availability of 
employment in industry and services (formal and informal). Since industry is far more 
energy intensive than igriculture, and urban centers more energy intensive than rural 
communities, industrialization and urbanization inevitably translate into higher energy 
demand. Moreover, the growth in incomes that results, from rapid industrialization 
translates into demand for more living space and consumer durables such as private cars, 
refrigerators, and air conditioners all of which are energy intensive. 

While recognizing these interdependencies, for clarity of exposition we divide the 
issues (and the analyses) into three separate but interdependent components, pertaining to 
industry, energy, and urbanization. 

DEALING WITH LARGER QUANTITIES OF MORE HAZARDOUS 
INDUSTRIAL WASTE 

1. The rate of industrialization has accelerated in recent years (since 1986) and double­
digit growth rates are expected to continue during the 1990s and beyond (Table 1). What 
are the implications for the environment of such high rates of industrial growth and 
structural change of the overall economy? Are there policy instruments that can ensure 
that pollutants do not grow proportionately and accumulate over time to levels that 
damage the environment's assimilative capacity and diminish the quality of life? 

2. Thai industry is gradually shifting from food and fiber processing which generate 
biodegradable waste, to fabricated products, chemicals, electronics, and petrochemicals 
which generate hazardous waste, such as heavy metals, solvents, oils, acid, and alkaline 
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waste. How can Thailand manage these new and largely unfamiliar forms of waste to 
prevent them from accumulating in the soil, the water, and the food chain, and posing a 
risk to human health and the natural environment? 

Table I Major Industries Registered with the Department of Industrial Works
 
(by Decade End)
 

TSIC a/ Major Industry Group End 1969 End 1979 End 1989 

311-312 Food 
 112 4,200 10,099

313 Beverages 603 232
 
314 Tobacco b/ 0 146 108
 
321 Textiles 
 30 764 1,793

322 Wearing apparel 226
4 1,989
323-324 Leather products & footwear 975 771
 
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 Petroleum 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: a/ Thailand Standard Industrial Classification 
b/ Tobacco factories at that time registered under the Department of Excise, 
Ministry of Finance. 

Source: Department of Industrial Works 
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3. Foreign investment in Thai industry has grown very rapidly, and is expected to 
continue to grow at high rates in the future. The government, through the Board of 
Investment (BOI), has been quite successfully promoting both domestic and foreign 
investment. Has the BOI been promoting the "right" industries from the environmental 
standpoint? How can Thailand ensure that it does not become a magnet for heavily 
polluting industries escaping stricter environmental controls elsewhere? Is there a role 
for the BOI in this respect? 

4. Industry has a propensity to locate in and around Bangkok where 52 percent of all 
factories (76 percent in terms of GDP) are already located (Figure 1). The Bangkok 
Metropolitan Region (BMR), being the country's most densely populated region, is also 
the most vulnerable area to industrial pollution. How successful are government efforts 
to decentralize industry? Are industrial estates operating as pollution control 
mechanisms? How can they be improved to fulfill this important role? 

BMR 
51.91 

SOUTH 
7.17 

CENTRAL, 
16.82 NORTHEAST 

14.1
NORTH 

10 

Figure 1 Distribution of Registered Factories by Region (1989) 
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5. The government has already introduced effluent and ambient standards and 
requirements for waste treatment facilities and environmental impact assessments (EIAs). 
How effective are current environmental institutions and regulations in controlling the 
growing levels and changing nature of industrial pollutants? Are there more cost­
effective mechanisms which can tap the energies of the private sector to work with the 
public sector to ensure pollution control at the minimum possible cost? 

IN SEARCH OF THE RIGHT ENERGY MIX 

1. The demand for energy has been growing rapidly in Thailand because of both rapid 
overall economic growth and structural change towards a more industrialized economy. 
What are the environmental implications of meeting the projected growth in demand 
through alternative energy strategies? What are the available alternatives and how do 
they compare with current energy supply plans? 

2. The Electricity Generating Authority of Thailand (EGAT), as part of its efforts to 
meet the growing energy demand and at the same time to diversify away from imported 
oil in favor of domestic energy sources, is increasing the share of power generated from 
lignite. It is projected that by the year 2006 as much as 32 percent of power will be 
generated from lignite. How is this increased dependence on the most heavily-polluting 
of all energy sources going to affect air pollution levels and acid rain deposition both 
within Thailand and regionally? Are the measures taken by EGAT to mitigate these 
problems adequate and how can they be improved? Are there acceptable alternatives to 
lignite and how do they compare in terms of cost? Does it make sense for Thailand to be 
concerned with acid rain considering the regional nature of the problem, and the plans of 
neighboring countries, such as China and India, to accelerate their consumption of coal to 

advance their industrialization? 

3. Lignite has a tremendous cost advantage as a source of energy for industrial boilers 
over all other fuels including heavy fuel oil and natural gas. This advantage has 
increased further with the recent increase in oil prices. Thus, many industries are 
converting their boilers from heavy oil and other fuels to lignite. Is such a conversion 
desirable considering the high levels of sulfur dioxide (SO2), nitrogen oxides (NOx), and 
suspended particulate matter (SPM) generated by lignite, and the concentration of 
industry in and around densily populated areas? If not, how can this conversion be 
discouraged? What are the alternatives? 
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4. Air pollution and traffic congestion are the two energy-related problems that more 
than any others affect the productivity and quality of life of people livivg in the BMR. 
Bangkok already exceeds the World Health Organization (WHO) guidelines for air 
pollutants, especially carbon monoxide (CO) , SPM, and lead. The high lead content in 
gasoline is particularly worrisome because of its possible impact on children's learning 
capacity. Traffic congestion further exacerbates air pollution problems. What 
combination of measures need to be taken to lessen both the air pollution and congestion 
problems of Bangkok? What are the potential roles of energy pricing, infrastructure, and 
oil refineries in tackling the issue, and who should pay for the cost? 

5. Globally, Thailand is not a major producer of the greenhouse gases from fossil fuel 
combustion that threaten the world's climate (Table 2). Thailand is more important as a 
producer of carbon from deforestation, and methane from paddy production. However, 
both deforestation and paddy cultivation are expected to decline considerably in the 
future while the consumption of fossil fuels will grow exponentially due to 
industrialization, urbanization, and income growth. In light of these developments, what 
should Thailand's role be in international negotiations that aim to contain greenhouse gas 
emissions? What are the potential roles that improvement of energy efficiency and 
accelerated reforestation can play in keeping Thailand's greenhouse gas emissions to 
levels that would allow continued economic growth? 

REGULATING LAND USE AND FINANCING URBAN INFRASTRUCTURE 

1. Rapid urban growth, while making a major contribution to the Thai economy, is 
placing a growing burden on the physical, social, and environmental infrastructure. The 
demand for roads, water, power, sewerage, and public amenities is growing without 
restraint while the supply is limited by inadequate public resources. Under the current 
structure, benefits from land development fall largely to private landowners and 
developers, while the financial costs of providing infrastructure or the social and 
environmental costs of failing t' provide adequate infrastructure fall on the public. Are 
there mechanisms to link the provision of additional infrastructure and the protection of 
the urban environment to private sector investments that both benefit from, and place 
additional burdens on existing infrastructure? 

2. Rapid urban development in Bangkok's satellite provinces, by gradually displacing 
agricultural land, threatens to replace :he visual amenities of rural and pastoral landscape 
with an agglomeration of factories and dense housing. It is desirable to maintain more 
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open and green spaces in and around urban and industrial centers. Yet, is it realistic to 
expect that land can (or should) be reserved for agricultural use when significantly higher 
economic and employment benefits can be obtained from its conversion to other uses? 
What is the Thai experience with land use planning and zoning? Are there any 
alternatives? Are land use controls necessary, what forms should they take, and how can 
they be made more effective and equitable? 

Table 2 Greenhouse Gas Emission: A Country Comparison 

Net Total a/ Population GNP Emission Emission 
Greenhouse Gas per per

Increase 
 Capita $USGNP
('000 t.carbon) ('000) (Million $US) (t.carbon) (Kg.carbon/$US) 

WORLD 5,900,000 4,997,609 - 1.2 -
ASIA 
Thailand 67,000 53,150 45,542 1.3
Malaysia 26,000 16,264 30,075 1.6 

1.5 

Indonesia 140,000 172,494 
0.9 

76,038 0.8 1.8
Singapore 7,100 2,616 20,884 2.7 0.3India 230,000 786,300 248,073 0.3 0.9China 380,000 1,085,008 313,672 0.4 1.2
Korea.Rep. 29,000 42,672 113,153 0.7 0.3Japan 220,000 122,053 1,924,663 1.8 0.1 

AMERICA & EUROPE 
USA 1,000,000 242,159 4,516,739 4.1 0.2UK 150,000 56,160 592,764 2.7 0.3
Canada 120,000 25,963 391,928 4.6 0.3 
OTHERS 3,530,900 2,392,770 

Note: a/Includes carbon dioxide emissions, methane emissions, and CFCs use. 

Source: World Resources 1990/1991 and World Resources 1987 
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The Findings 

INDUSTRY AND THE ENVIRONMENT 

1. The manufacturing sector is by far the largest generator of hazardous waste, 
accounting for 90 percent of all such waste in the country. Industrial hazardous waste 
stands at 1.9 million tons today and is projected to grow to 5.8 million tons by the year 
2001. Two-thirds of this waste comes from the basic metals industry and lends itself to 
containment and treatment on site, though this is rarely done. The rest (600,000 tons) is 
produced in small quantities by industry groups such as fabricated products, transport 
equipment, electrical machinery, chemical products, textiles, and printing and 
publishing. It is usually dumped freely into rivers and landfills, or stored in drums on site 
with little or no treatment. The only exception "s the Bang Khuntien pilot treatment 
facility for the electroplating industry which treats about 46,000 tons of waste a year at a 
cost of 500 baht per ton (covering only operating cost). Heavy metal sludges and solids, 
followed by acid waste, pose the greatest environmental risks and, along with the alkaline 
and photo wastes, present the most cost-effective opportunities for risk reduction (Table 
3). Treatment of all treatable hazardous waste (from all industries except the basic 
metals industry) generated at present at the full cost of 1,000 baht per ton, would cost 
about 600 million baht annually, or 0.3 percent of the GDP produced by the hazardous­
waste-generating industries. 

2. The bulk of biodegradable waste is generated by sugar factories (29 perLItA), pulp and 
paper industries (20 percent), and the rubber industry (18 percent). The rest is 
contributed by the beverage industry, tapioca mills, slaughterhouses, canneries, and 
tanneries. Biochemical oxygen demand (BOD) from industrial sources stands at 0.5 
million tons and is expected to reach 2 million tons by the year 2010. Most of this waste 
is discharged untreated in the form of effluents into public water bodies where it 
combines with wastewater from households to reduce the dissolved oxygen (DO) in 
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rivers below ambient standards. The Chao Phraya and Tachin rivers are at risk of 
becoming anaerobic in certain sections for part of the year (Table 4). Seventy percent 
treatment of the current level of BOD would cost 361 million baht annually, which is 
about one percent of the GDP of the BOD-generating industries. 

'ltle 3 Ilzardous Waste: Environmental Risk Iatlors and Cost Effectivengss of'1'ictinent.1991 

Waste I(clativ E.x sed Illvirilitir ial 
Ri~k liz ii Rik Fa tI'm iat I .((XI) Per Mill Rank 

1)1h 
 219,467 1 51 I 3(1xK) 637 11011.22 1(R) 9I.iquid -ogami 	 esirhhcsNil 21 I 17 0 577 12 	 0 12I jopid olgaic Ienhis II 290 .0)0 17 5.1.1"1 g.341 2.119 2,118) 6(hgaric whudgesNil 
 1.563 I 16 0 571 902 ti II(lganici-lirls NI 1 1.759 I 16 01 8.3.13 11,675 I Iliguru 1hllgr,a l -r 1,1hI. 1,352 I.1(X 16 51.0(k) 8.3.13 27.9(, 7
Iningao ,:shldge, a ,id w 19,254 I 1.0) 	
7.)

42 	 1,16 2.Y1I 50(0 8ea.,y ,tal Irurges & ir,,hh 136.910 10,1) 13 17.795.000( 151 21,616 X23)10W) IS..vcir, I1 	 6,(11,. I(W) 41 21'.(1xx) 1.976 1..119 2,1)11 6S.IVCC(*ri 29.357 10 41 12.0)X) 3.195 93,796 1W 10Acid wailr 
 125.428 100 32 101,0w0 257 32.235 12,500 .IAlkalie wate,s 34,235 00 33 112.0(10 77 2.1.36 .12,11 3)Itsl.cIr.,,cr 	 1, 25 I 7 0 2.907 7.3 1) I
ICH 247 I iX)o II 27.11(X) 

, agr.rie,r 'Rr wuirlia' 212 100 	

, 
I 0 I I6 35 0 IIIi). waile, 	 16,345 100 " 52 85,000 5.1 883 416,10 2M wilral watre 11.757 I 75 1(00O 2.410 21H.3.-1 10 10 

N,,, "Iiailmid strrd.el1 jipoit,,itngiPIt'lh, ill 1985. PUl waite It,,m0pal iiii4 ts is cu 'tnlyasenlalroad I' Ircatmrrrir. 
II talhrgril.led 
NI I = maltalrhgerniteld 

Fai'atiltaIrt lluaniili,.. Il 1991
 
hi1991 1aIllsaio It Illtviillei wileie
1topelit Waite t1Vlxit Ireiig Kellrairld.
i/Wa Ie qi tiuty airltiveIik i 1. x exrpitarl I.rrjllain i 11/11(0titded ,IfIIIlil'let1.111).
 

Taile 4 MlOclileliical ( )lxygeii Ieiuid (lOl))ILoad (oMajor Riveis ill Thilaill, 1986 

R Name DOOver Sui. No. of' Flow BOI) Load 70)% Treatlent 
of River DO Factories 1000 Cost of Residual
 

cu.m Treatment b/ .10D
n(mglJ) (nigl) a] (PerYear)_ 'onsYr) (Million13.) _ iTsY r)_

Bang llakoiig 
 4 	 - 135 13,997 86,761 60.73 26,028
Chao Phraya 0.3 2 351 53,224 81,426 57.00 24,428

l'Ist Coast Gulf - - 123 16,345 80,427 56.30 24,128
Min 3 	 84 7,350 75,867 53.11 22,760
rhachill 
 <2 2 376 166,757 56,033 39.22 16,810

Mae Klrog >4 
 22 47,741 48,910 34.24 14,673
Pilng - - 17 125,087 30,254 21.18 9,076
Nan - - 19 101,866 21,819 15.27 6,516
Chi - - 82 18,015 19,106 13.37 5,732
Khong 	 ­ - 55 1,532 7,091 4.96 2,127
Prachinhuri - - 27 281 4,618 3.23 1.385 
Wang 
 - - 13 1,517 3,719 2.60 1,116
Yon - 5 102 296 0.21 89 
Kok 
 2 18 55 0.04 16

Tola --­ 3- 9-383 5!6381 361.4-17 194 914
 

Note: 	 a/'llis alll liil ofl Iad CoVeIs only fihc(ri( s tilider 1ilo1ihorh1g schlmie ,(i 
tiheD~epa rtmeIt of Indiustrial Works. 
b/Assuling cost of*treatlcnm = 1000 b.11h1/ ton. 

Sottce: 	 Departmient of hdulsthrial Witlks,Office of the National nvi1onn1ent IBoard(1986), 
Depailent of Ilealth (1986) 
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3. Industrial pollution is currently concentrated in the BMR and will contine to be so in 

the foreseeable future, but there are signs that some of the worse polluters are moving out 

of the BMA into the satellite provinces of the BMR, which continues to receive by far the 

largest number of new industries. The BMR, the most densely populated area in the 

country, accounts for over 50 percent of the 52,000 factories and 23 industrial estates in 

the country, and generates three-quarters of manufacturing GDP and total industrial 

waste (Table 5). 

Table 5 Projected Quantity of Hazardous Waste by Region, 1986-2001 

Unit: Metric Tons 
Region 
BMR 
Central 

1986 
817,084 
183,950 

% 
71.09 
16.01 

1991 
1,413,701 

"'"252 

% 
70.91 
16.16 

1996 
2,447,943 

563,481 

% 
70.78 
16.29 

2001 
4,236,332 

982,063 

% 
70.68 
16.38 

Nodh 75,706 6.j9 .247 6.63 230,580 6.67 400,713 6.69 
Northeast 14,488 1.26 24,557 1.23 41,779 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 3,458763 100.00 5,993,840 100.00 

Source: Engineering Science,Inc (1989) 

4. The stn,-ctural changes in industry and changes in production materials are leading to 

the emergence of new types of pollution problems in Thailand. A shift is occurring from 

traditional pollutants, such as wastewater pollution in the form of BOD, to more complex 

toxic pollutants including heavy metals, toxic air and water pollutants, and hazardous 

wastes. The share of hazardous-waste-generating factories has increased from 29 percent 

in 1979 to 58 percent in 1989. The trend towards more hazardous-waste-producing 

industries is expected to condinue during the next 15 to 20 years. 

5. Industrial promotion policies have accelerated the introduction of new technology­

based industries into Thailand. The BOI has provided investors with privileges and 

incentive packages in order to draw in foreign investment, but has not effectively used 

EIAs or pollution intensity per unit of GDP among its selection criteria for these target 

industries. By not using such criteria, it has accelerated the production of hazardous 

industrial waste. An analysis of BOI-promoted industries indicated that the proportion of 

investments approved for hazardous-waste-generating industries increased from 25 

percent in 1987 to 55 percent in 1989. 
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6. Industrial estates have an unrealized potential for industrial pollution control. While 
all 23 industrial estates have wastewater treatment facilities, none of them is known to 
operate a hazardous waste treatment facility or to have a formal environmental unit. 

ENERGY AND THE ENVIRONMENT 

1. Under the impetus of continued economic growth, industrialization, and urbanization, 
the demand for both primary energy (power generation) and final energy (industry, 
vehicles, homes) will continue to grow. Both primary and final energy demand are 
projected to increase at an average annual rate of 8 percent, quadrupling by the year 
2006. 

2. There will be an increasing shift of energy use towards lignite which will increase its 
share in primary energy generation from 10 percent today to 32 percent by the year 2006, 
while the share of natural gas will drop from the current 23 percent to only 11 percent. 
Since natural gas is perhaps the "cleanest" source of energy, and lignite the "dirtiest", this 
shift will have significant environmental implications. The share of petroleum will 
remain high, declining slightly from 64 percent today to 56 percent by the -wear 2006. In 
absolute terms the consumption of petroleum for electricity generation will more than 
triple. The use of petroleum products, such as diesel and gasoline for transportation, and 
fuel oil for industrial use, will continue to dominate final energy demand. The use of 
lignite in industrial boilers and cement production plants is expected to increase 
significantly from its current level by the year 2006. Thus, the projected future energy 
consumption pattern indicates that Thailand will be increasingly dependent on high­
carbon and high-sulfur fuels such as lignite, diesel, and fuel oil, with severe 
environmental implications (Table 6). 

3. Thailand is an inefficient user of energy. Energy intensity has risen by 15 percent 
since 1982, reaching 0.9 barrels per day of crude oil equivalent (COE) per million baht of 
GDP at present, compared with 0.78 barrels per day in 1982. The reverse trend is 
observed in Japan, the United States, and Europe. The rising trend in energy intensity in 
Thailand is only partially due to the structural change of the economy, from agriculture to 
industry. Another important factor has been the inefficiency in energy use which arises 
from ineffective land use planning, inadequate infrastructure, and relatively low energy 
prices. 
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Table 6 Energy )emand in Thailand 

Unit: KTOE 

1988 %Share 2006 %Share 2011 %Share 

Primary Commercial 

Natural Gas 
Lignite/Coal 

5,096 
2,246 

23.7 
10.4 

9,733 
27,358 

11.3 
31.8 

9,733 
44,591 

8.2 
37.6 

Hydro 346 1.6 664 0.8 664 0.6 
Petroleum 13,850 64.3 48,320 56.1 63,456 53.5 

Total 21,538 100.0 86,075 100.0 118,444 100.0 

Final Energy 

LPG 
Gasoline 
Diesel 
Jet/Kerosene 
Fuel Oil 
Lignite/Coal 

898 
2,168 
6,262 
1,564 
1,855 

807 

5.6 
13.5 
39.1 

9.8 
11.6 
5.0 

3,946 
7,311 

20,460 
4,911 
6,244 
4,020 

6.6 
12.2 
34.1 

8.2 
10.4 
6.7 

5,427 
9,732 

26,814 
6,554 
9,483 
5,816 

6.6 
11.9 
32.7 
8.0 

11.6 
7.1 

Natural Gas 60 0.4 1,135 1.9 1,135 1.4 
Electricity 2,406 15.0 11,937 19.9 17,057 20.8 

Total 16,020 100.0 59,964 100.0 82,018 100.0 

Source: National Energy Administration 
National Energy Policy Office 
Electricity Generating Authority of Thailand 
Thailanid Development Research Institute 

4. Traffic problems arising from haphazard development and inadequate road 
infrastructure have led to wasteful use of energy. The average speed of traffic in 
Bangkok's central business district has fallen to 8 kilometers per hour and is not expected 
to improve despite efforts to build more roads and a mass transit system. The share of 
the transportation sector in the final energy demand has risen from 46 percent in 1973 to 
56 percent in 1989, which compares unfavorably with Korea's 15 percent, Taiwan's 16 
percent, Indonesia's 30 percent, and Malaysia's 36 percent. The high share (over 50 
percent) of transportation in final energy demand, and the high share of "personal" 
passenger cars (50 percent) within transportation, mean high dependence on petroleum 
products and inefficient energy use. As much as 28 percent of the total final energy 
demand is currently used by private passenger cars, motorcycles, taxis, and pickups. 
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5. Under the Base Case, the business-as-usual scenario, it is projected that energy-related 

pollutants will increase to disturbing levels over the next 20 years. The Base Case 

assumes stabilization of commercial energy intensity in most sectors and a decline in 

noncommercial intensity over the period. It also incorporates currently planned measures 

'by the government, such as reduction of lead in gasoline to 0.15 grams per liter, and a cut 

of 50 percent in the sulfur content of diesel fuel by 1993. Under this business-as- usual 

scenario it is projected that Thailand will experience high emission levels of sulfur and 

carbon. The emissions of SO 2 from all sources are expected to rise by more than five 

times, to reach 3 million tons by 2011. Government policy to promote the use (f lignite 

in power plants will raise the share of the power sector in total S0 2 emissions from 44 

percent in 1988 to 60 percent by 2011. The air quality around the lignite power plants in 

Mae Moh is expected to worsen considerably and the prospects of environmental damage 

from acid rain increase. 

6. The increased use -of high-carbon fuels such as lignite, and the continued dominance 

of petroleum in power generation and transportation will raise CO2 emissions from 86 
million tons in 1988 to 389 million tons by 2011. The power sector's share will grow 

from 19 percent to 43 percent due to the increased use of lignite. 

7. The transportation sector dominates emissions of HC, NO x, and CO with 41 percent, 

67 percent, and 87 percent shares, respectively. The level of emissions of HC is expected 

to double over the next 20 years to reach 1.7 million tons in 2011, of which 88 percent 

will originate in transportation. The emission of NOx will increase by five times to reach 

2 million tons in 2011, of which 60 percent will come from the transportation sector. 

Almost all of the 8.4 million tons of CO in 2011, a fourfold increase over the current 

level, will originate ir the transportation sector. Because of government plans to reduce 

lead in gascline to 0.15 grams per liter, lead emissions are projected to grow more slowly 

than other pollutants, doubling to 2,000 tons by the year 2011. 

8. The industrial sector, with a 40 percent share, is a major contributor of SPM. By the 

year 2011 the level of SPM emissions will triple to 1.6 million tons, and the share of the 
industrial sector will rise to 67 percent. The industrial sector will also become a major 

source of SO 2 if the trend of converting industrial boilers to lignite continues. 

In conclusion, an environmentally unsound energy mix and inefficient energy .use 

will combine to expose .a large section of the country's population to serious 

environmental and health risks. The BMR is particularly vulnerable because of the high 
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concentration of both people and pollutants, especially SPM, CO,NO x, and lead, within 

a confined geographical area. The air quality conditions in Bangkok have already 

exceeded or arc about to exceed the national (QEB) and international standards for 
health. The doubling and, in many cases, quadrupling of emissions over the next 10 to 
20 years from their already critical levels will have severe health impacts, on a 
population which will be aL least double iks curient size. 

While 	acid rain and greenhouse gases are long-term problems of wider concern 
(Table 	7), Thailand must begin to deai with them now before they are imbedded in the 

structure of the economy and in international agreements that are difficult to change later 

on. The lignite- an,' coal-fired power plants that are being planned now for decades to 

come, the conversion of industrial boilers to lignite, and the purchase of vehicles with 
inadequate environmental controls will determine Thailand's SO 2 and CO2 emissions 

well into the twenty-first century, and conseqiently Thailand's contribution to acid rain in 

the region and to global greenhouse gases. 

Table 7 Summary of Key Greenhouse Gaws Affected
 
)y lIumnian Activities
 

Atmospheric Concentration 

Carbon Methane CFC- 11 CFC- 12 Nitrous 
Dioxide Oxide 
(ppmv) (ppmv) (pptv) (pptv) (ppbv) 

Pre-Industrial 	 280 0.8 0 0 288 
(1750-18()
 

Present Day (1990) 353 1.72 280 484 310 
Current Rate of ('hange 1.8 0.015 9.5 17 0.8 
per Year (0.5%) (0.9%) (4%) (4%) (0.25%) 

Atmospheric lifetime (5O-200) a/ 10 65 130 150 
(Years) 

Note: 	 ppmnv = parts per million by volume 
ppbv = parts per billion (thousand million) by volume 
pptv = parts per trillion (million million) by volume
 
a/- 'lhe way in which ('02 is absorbed by the oceans and biosphere
 
is not simple and a single value cannot bc given; refer to
 
the nmain report for further discussion. 

Source: 	 IPCC Working Group I 
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URBANIZATION AND ENVIRONMENT 

1. The suburban settlements around Bangkok are the most rapidly growing areas in the 
country, not only in population but also in capital investment and employment. The 
BMR, with only one-tenth of the country's population, produces three-quarters of the 
Gross Domestic Product in manufacturing. The population in the BMR is currently 
growing 80 percent faster than the national average and is expected to continue to do so 
throughout the 1990s. While this is unusual by comparison to past trends in Thailand, it 
is not unusual by comparison to worldwide trends. What is unusual is the still low 

overall rate of urbanization by comparison to other countries in Asia, let alone in Latin 
America (Figure 2). For its level of per capita income, Thailand has one of the world's 
lowest rates of urbanization; yet the BMR is experiencing one of the world's worst 
problems of infrastructural bottlenecks, crowding, congestion, and urban pollution. 

population ( milions 
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--X- Avg ESCAP Urban .- Thai Urban 

Figure 2 Changes in Total and Urban Populaion, 1990-2000 

Source: Asian Population Programme (1987) 
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2. Industry is heavily concentrated in the BMR because of its proximity to markets, 
ports, government services, and superior, though still inadequate, infrastructure. Despite 
government efforts to decentralize industry through land use planning and the 
elimination of BOI privileges for industries locating in the BMA, the region continues to 
receive by far the largest share of industrial investment. The industrial estate, a locational 
instrument, follows the same pattern as overall industry: out of 23 industrial estates in 
existence in 1989, more than half (12) were located in the BMR, seven were in the 
Central Region and four in the remaining three regions. This suggests that industrial 
growth in the BMR is independent of BOI and Industrial Estate Authority of Thailand 
(IEAT) policies and land use planning. This also reconfirms the finding of the Sixth Plan 
that market forces and the private sector are the main determinants of the timing, scale, 
and direction of growth: "A policy to slow down the growth of Bangkok through physical 
planning alone will not be effective because they (the plans) cannot resist market forces." 
(National Economic and Social Development Board, 1987). 

3. Aerial photography and LANDSAT data indicate that there has been a major decline 
in the amount of land devoted to agriculture in the suburban provinces of Pathum Thani 
and Nonthaburi and, to a lesser extent, in Samut Prakan, Samut Sakhon and Nakhon 
Pathom (Table 8). Many of the orchards, rice fields, fish ponds, and animal farms in the 
provinces have been displaced by industrial and residential development, by golf 
courses, and unutilized land under speculation. However,'the land actually occupied by 
industry is still very small. Even in Samut Prakan, clearly the most industrialized of all 
suburban provinces, industry occupies less than 8 percent of the total area of the 
province. By comparison residential and commercial uses occupy 20 percent to 25 
percent of the province's area. Yet, industry's impact on land use extends far beyond the 
area it occupies physically, and covers the total area that is affected significantly by 
industry's environmental impacts. Under the current conditions of inadequate pollution 
control, industry imposes major air, water, noise, and solid wdiste pollution on the 
surrounding area as well as contributes to traffic congestion, thereby affectinc other uses 
of the land. 

4. Past government efforts to implement land use planning, by zoning areas for 
agriculture, industry, and residential use in order to reduce haphazard development and 
negative interactions among different land uses, have proved to be ineffective. The case 
of Samut Prakan is illustrative of the problem. A comparison of the results of a TDRI 
survey in 1989 with the land use map developed by the Town and Country Planning 
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Department (TCPD) in 1984 reveals the following: (1) Industry has developed at an
 
explosive rate since 1985, with 377 new industries added in 1988 alone totaling a new
 
capital investment of 70 billion baht. (2) Industrial development closely follows
 
infrastructure development, particularly road construction as exemplified by the "ribbon­
type" development along the Bangna-Trad highway. (3) The development pattern in
 
Samut Prakan over the past six years does not closely resemble the land use plan. The
 
plan has since been modified to emphasize the role of infrastructure and market forces in
 
land use change.
 

Table 8 The BMR's Agricultural Area, Sel-cted Years 

a a a a b
Province 	 1971 1980 1982 1987 1989
 

Bangkok 540,804 533,284 525,359 -
Pathum Thani 897,876 884,490 848,278 747,730
Nonthaburi 380,630 340,234 - 319,152 273,151
Samut Prakar 492,413 475,986 459,986 456,417 433,049 
Samut Sakhon 423,937 - 385,955 - 403,898
Nakhon Pathom 126,710 - 1,049,501 

Note: 	 a Translation from aerial photograph 
bTranslation from satellite photograph, August, 1989 
c Agricultural area increased because mangrove forest was
 

decreased from 69,693 rai (1982) to 25,845 rai (1989)

and mangrove forest changed to agricultural areas
 
(shrimp farm). 

Sources: 	 Department of Land Development 

5. The land use concept of a "Green Belt" put forth recently, is similar to policies 
proposed for many Western cities which have been unsuccessful. Zoning by itself does 
not solve the problems of' pollution, congestion, or haphazard development because it 
does not change the economic forces at work, it does not raise revenues for additional 
infrastructure and pollution control, and it pushes up land prices by reducing the land 
available for industry and housing. The creation of artificial boundaries between very­
high and very-low land prices, corresponding to industrial/urban and agricultural land 
uses, is an irresistible incei-tive for either noncompliance or side payments. 
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6. Land prices in the BMR have been increasing at 4rate of 20 percent to 30 percent per 
year, reflecting the rapid growth in demand of land for residential, industrial, and 
commercial uses under the forces of income growth, urbanization, and industrialization. 
Distance from the central business district and the presence or absence of basic 
infrastructure (water supply and paved roads) explain as much as 80 percent of the 
variation in residential land prices in the BMR during the past three years. Investors are 
attracted to urban fringe land because it is still relatively inexpensive compared to land in 
the inner city, and yet relatively accessible to the services, labor, and markets available 
in the Bangkok. 

7. In the absence of environmental infrastructure and effective pollution control, urban 
and industrial growth have combined in the BMR to create increasingly serious 
problems, e.g., air, water, and solid waste pollution, that diminish the quality of urban 
and suburban life. Monitoring data indicate that lead has increased from 0.1 to 1.0 
micrograms per cubit meter during '1983-1986, to 0.6 to 5.45 micrograms per cubic 
meter during 1987-1989. Reported blood iead levels, in the range of 16-40 ug. per 
deciliter, are at least three times a great as those found in the United States and Western 
Europe. Lead at these levels has been implicated as a major cause of strokes and mental 
retardation. SPM has also increased from a range of 0.09 to 0.19 milligrams per cubic 
meter during 1983 to 1986 to 0.09 to 1.25, while the NEB standard is 0.1 milligrams per 
cubic meter. Carbon monoxide has similarly increased from a range of 1.0 to 9.5 
milligrams per cubic meter to 1.13 to 52.65 while the NEB standard is set at 50 
milligrams per cubic meter for one hour. While these increases may partly reflect 
improvements in monitoring, the projected growth in energy use and industrial expansion 
in the BMR leave little doubt that air pollution levels will :,oon exceed, if they have not 
already exceeded, safe limits for human health. 

S. Blased on a TDRI survey (1988) for Pathum Thani, Nonthaburi, BMA, and Samut 
Prakan, domestic sources account for about 75 percent of total biochemical oxgygen 
demand (BOD) load; the balance is contributed by the industry. The majority of 
households discharge wastewater directly into storm drains that lead into canals, most of 
which have become anaerobic and give off offensive odors. Of the 5,400 tons of solid 
waste generated daily in the BMA, only 4,225 tons (80 percent) are currently collected; 
the rest is dumped in vacant plots, canals aad rivers, or discharged into drainage systems. 
Projections of solid waste and disposal facilities suggest that the BMA will run out of 
dumping space within the next six to seven years. 
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9. Environmental degradation in the BMR is not so much a consequence of urban and 

industrial growth as it is the very predictable result of failure to supply urban and 
environmental infrastructure consistent with the demands of economic growth: 

" High density development without adequate provision of mass transit and road 
networks has led to traffic congestion. 

"High water demand without adequate municipal water supply has led to excessive 
groundwater pumping and consequent land subsidence. 

" High density development without adequate drainage and sewerage has led to 
flooding and water pollution. 

" Industrial development without adequate pollution control investment and 
enforcement has led to increased air, water, and solid waste pollution. 

These are not inevitable consequences of urban and economic growth, but the 
result of failure to develop adequate institutional mechanisms to assure that those who 
benefit from new development also pay for the necessary infrastructure and pollution 

controls needed to protect the environment (Figure 3). 
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10. Thailand spend less than 0.24 percent of GNP on environmental protection compared 

to 0.38 percent by Korea and 1.2 percent by OECD countries (Table 9). Assessment of 

land values in Thailand for property taxes are consistently less than 50 percent of the true 

market value, and often less than 10 percent. Property taxes in Thailand represent only 

0.18 percent of GDP compared to 0.40 in Indonesia, Korea, and the Philippines, and 

about 2 percent in Japan, Australia, and New Zealand. Investments in public 

infrastructure are declining as a percent of GDP. While the GDP has grown by 25 

percent during the past 8 years (and GDP for BMR by 100 percent) investment in public 

infrastructure has grown only 10 percent. 

Table 9 Comparative Environmental Investments 

Waste 

Water 


Annual 

C+O&M 


as % 

of GDP 


Avg. for 0.61 
OECD Countries a 

China b 
Indiab 
Indonesia 
Korea e 0.20 
Philippines 
Singapored 
Thailande 0.24 

Note a OECD (1984) 

Air & other Waste 
Media Total Water 

Annual Annual Annual 
C+O&M C+O&M C+O&M 

as % as % per 
of GDP of GDP capita 

(us $) 

0.67 1.28 40.23 

0.70 	 na 
na 

0.38 	 na 
0.20 	 0.40 5.38 

na 
1.09 	 na 
0.24 2.04 

Air & other 
Media 
Annual 

C+O&M 

Total 
Annual 

C+O&M 
per 

capita 
(us $) 

per 
capita 
(us $) 

44.59 84.83 

na 2.03 
na ,na 

1.71 1.71 
5.38 10.76 
na na 

106.86 106.86 
na 2.04 

b UNDP (1990) 
c World Bank (1985) 
d Business Times (1990) 

e NIDA (1987) 

Source Organization forts Economic Cooperation and Development, United Nations 
Development Program, Business Times, World Bank, National Institute of 
Development Administration 
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In conclusion, the underlying cause of most urban environmental problems 
confronting Thailand today is not urban land development per se, but failure to achieve 
adequate coordination between private development and investment in infrastructure, 
particularly environmentally-related infrastructure. Land speculation and loss of 
agricultural land appear to be symptoms of the problem rather than true causes. When 
landowners and the beneficiaries of land development are not held responsible for 
protecting the environment and paying for the necessary infrastructure, sprawling, 

environmentally unsound development is a predictable consequence. 



Chapter 4 

Recommendations 

CHALLENGES AND CHOICES 

While industrial waste, air pollution, and urban congestion are inevitable byproducts of 

industrialization and urbanization, they need not grow in proportion to industrial and 
urban growth. A shift to less-heavily polluting industries would reduce the growth of 
industrial pollution Ielow the rate of industrial growth. A shift to more efficient 
industrial and energy-generating technologies would reduce industrial pollution per unit 

of GDP. A change in the industrial and energy fuel mix towards less- polluting fuels 
(e.g., from lignite to natural gas) could reduce pollution even as industry and energy 

consumption grow. The geographical dispersion of polluting industries would reduce 
ambient concentrations of pollutants, increase the effective assimilative capacity of 
receptors, lower urban congestion, and buy time to expand public infrastructure. The 

applicatiorn of waste treatment would reduce the quantity and toxicity of industrial and 
urban waste, while proper disposal would reduce the associated damage to both human 
health and the natural environment. Linking the funding of public infrastructure to 

private investment in land development would alleviate much of the congestion and 

pollution arising from inadequate infrastructure development. 

These waste- and damage-minimizing changes in production technology, plant 

location, energy use, and waste treatment and disposal will not be made voluntarily by 
private firms, individual c3nsumers, and land owners/developers. Industrial waste, air 

pollution, urban congest-on, and the associated damage to other activities or the 

environment are "externalities" that do not perceptively affect those who generate them. 
Therefore polluters have no cause to take them into account and attempt to minimize 
them. Wa.;te reduction, treatment and disposal, and shifts to less-polluting energy inputs 
involve additional expenditures which increase production costs and reduce 

competitiveness. Thus, in the absence of some form of government intervention, free 
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disposal of uncontrolled and untreated waste, use of the low-cost, high-polluting fuels, 
and haphazard development are the most "economical" and, therefore, the preferred 
choice of private industry. 

The existing institutions and regulations for dealing with the externalities or side 
effects of growth, having been designed under entirely different circumstances, are 
clearly inadequate for dealing with the emerging pollution and congestion problems. 
One problem is that the times have changed dramatically, but the institutions and 
regulations have changed only marginally. In the 1960s, there were only 500 factories in 
the country, of which hardly any produced hazardous waste. At present there are more 
than 50,000 factories, half of which produce hazardous waste. 

Another problem is that Thai environmental regulations, like those of many other 
developing countries, are often replicas of early developed-country regulations and are 
based on command a0d control instruments. These regulations set inflexible effluent 
standards, waste treatment requirements, 'and land use zoning with sanctions for 
noncompliance such as imprisonment and fines. However, for cultural reasons, the Thai 
society is not given to litigation, and courts are used only as a last resort. Thus, the 
sources of the ineffectiveness of existing institutions and regulations in controlling 
pollution and congestion go beyond the lack of coordination and lax enforcement, 
problems that are often attributed to inadequate manpower and budget. 

Patching up of existing regulations is unlikely to reverse the exponential 
accumulation of pollutants or to generate more resources for expanding infrastructure. 
Structural changes in Thai industry towards energy- and pollution-intensive activities, the 
continued rapid rates of urbanization and industrialization, and the diminishing 
assimilative capacity of the environment, combined against backdrop of ineffectivea 
environmental controls, will accelerate environmental degradation and ultimately 
constrain growth itself. The risks of this business-as-usual scenario include the dubious 
reputation of Thailand as a pollution "haven", discouragement of foreign investment, 
reduced productivity of the labor force, increased medical expenditures, damage to the 
thriving tourist industry, and threats of retaliatory tariffs against "unfair" trade arising 
from lax environmental standards. 

The Thai culture, perhaps more than others, does not lend itself to command and 
control, and even if it did, the costs of attaining the acceptable level of environmental 
quality through command and control would be onerous economically, socially, and 
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politically. Moreover, the introduction and amendment of regulations is a very slow 
process which cannot keep up with the dramatic changes and dynamics of the Thai 
economy. At a minimum, environmental regulations should be supplemented by flexible 
market-based mechanisms and economic incentives, such as proper pricing, pollution 
charges, impact fees,and transferable development rights. While regulations are violated 
with immunity, the imperatives of the market can be ignored only at one's own peril. 

It is somewhat of a paradox that economic incentives and other market-based 
mechanisms have not been used more extensively to deal with industrial pollution and 
haphazard urban development in a country where people are known to be very responsive 
to economic incentives and market opportunities. There h; a certain inconsistency in 
using economic incentives to attract foreign investment, and yet not using the same or 
similar instruments to combat industrial pollution generated by the promoted and other 
industries. 

Based on our projections of mounting environmental impacts, the ineffectiveness 
of existing command, and control regulations, and the experience of other countries with 
alternative approaches to environmental management, we recommend a serious 
consideration of market-based mechanisms and economic incentives/disincentives as 
alternatives or at least supplements to existing and new regulations. 

TilE 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 standard 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 cost to the regulatory agency, such as monitoring and enforcement costs, and the cost 
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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. Hence, the following 
two principles should be considered: 

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 implies the existence of inefficiencies 
 that 
the chosen instrument should seek to reduce. 

5. Policy Transition 
Changing the industrial mix from high- to low-polluting industries, and the 

energy mix from high- to low-polluting fuels, is one of the desirable outcomes of an 
effective pollution control policy. However, structural cl. .ge 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 is also likely 
to be more acceptable to industry if it is gradually phased in over an appropriate period. 
The stability and predictability of the policy is critical if industrial investment is to be 
gradually shifted from high- to low-polluting industries. 

Based on these five principles, a number of pricing policies, market-based 
mechanisms, and economic incentives/disincentives are proposed to deal with the 
pollution and congestion problems identified and projected by the analysis. These 
measures are interrelated atid mutually consistent across the three sectors; the industrial, 
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the energy, and the urban sectors. For clarity of exposition, however, they are presented 

separately. 

POLICIES FOR CONTROLLING INDUSTRIAL POLLUTION 

Hazardous Waste 

To control hazardous waste from industrial sources, the establishment of an 
Industrial Environment Fund (IEF) is proposed. The Fund would provide a vehicle for 
managing industrial pollution and its future growth at a minimum cost (less than 0.5 
percent of corresponding GDP), and with maximum freedom of choice and participation 
by industry. In line with the "polluter-pays-principle", the fund would be financed from 
waste charges set presumptively for each industry and verified subsequently via 
environmental auditing. The charge would be set at a level that covers the cost of 
transport, treatment, and disposal of hazardous waste plus a profit margin. The average 
charge for the hazard9us-waste-producing industries was estimated at 1,000 baht per ton 
in current prices including transport, treatment; and disposal costs and a 35 percent profit 
margin. In actual implementation, the charge would vary according to type and quantity 
of waste, and the transport distance involved. At the 1991 projected level of industrial 
hazardous waste (600,000 tons), a 1,000 baht per ton charge would raise 600 million 
baht, which is only 0.3 percent of the GDP originating in the 17,000 hazardous-waste­

generating industrial plants (Table 10). 

Table 10 Total Cost of Hazardous Waste Treatment, 1991 

(Unit: Thousand Baht)
Cost of Treatment Total Hazardous Waste Cost/GDP

TSIC lal Industry Treatment Disposal Transport Cost[cl Industries GDP bi (%)
321 Textiles 19,557 3,592 2,464 34,992 15,633,159 0.22 
331 Wood, cork 157 126 194 658 3,004,315 0.02 
332 Furniture, fixtures 391 313 482 1,637 12,191,600 0.01 
341-342 Paper and printing 34,396 3,702 2,768 55,596 12,023,753 0.46 
351-352 Chemical products 62,100 7,626 5,475 102,402 24,461,300 0.42 
353-354 Petroleum products 4,366 461 442 7,165 36,284,400 0.02 
356 Rubber, rubber products 18,746 1,733 1,167 29,422 21,616,800 0.14 
381 Fabricated products 38,970 22,428 16,026 107,111 16,549,000 0.65 
382 Machinery 40,884 5,999 4,122 69,549 16,736,100 0.42 
383 Electrical machinery 18,586 10,162 7,255 49,776 17,461,100 0.29 
384 Transport equipment 76,553 12,979 9,103 134,655 9,886,588 1.36 
385-390 Miscellaneous nec. 608 345 244 1,654 5,362,729 Q.03

Total 315,315 69,467 49,741 594,621 191,210,843 0.31 

Note: [a] Thailand Standard Industrial Classification 
[b] GDP at current price
[c) Total cost includes 10 baht/ton regulatory fee and 35 percent profit margin 

Source: Engineering Science,Inc. (1989) 
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The proceeds from the waste charges would be used to establish and operate 
central treatment and disposal facilities for hazardous waste collected from factories. To 
minimize monitoring and enforcement costs and still ensure that all the hazardous waste 
is being collected, factories would be required to deposit their waste charges for the 
entire year with the Fund, along with a matching bond (refundable with interest) or a 
bank guarantee. Factories that were able to attain lower waste per unit of output would 
be eligible for rebates. To verify such claims, a system of environmental auditing is 
proposed; environmental auditors would be, private firms accredited with the appropriate 
government agency and bonded with the Fund. To ensure that the collected waste is 
treated and safely disposed of at the minimum possible cost, the operation of these 
facilities would be contracted out to private waste management firms through 

competitive bidding. 

The Industrial Environment Fund would be an independent autonomous 
foundation or company established jointly by the public and private sectors e.g., the 
Department of Industrial Works (DIW), the Industrial Estate Authority of Thailand 
(1EAT), the National Environment Board (NEB), and the Federation of Thai Industries 
(FF1I). These organizations would be represented on the Fund's Board of Trustees. The 
Fund would have its own Charter, Managing Director, and staff. 

No doubt many more details need to be worked out and modifications will need to 
be made based on DIW, IEAT, NEB, and FfI experience. There may also be 
unanticipated legal or other difficulties that require changes in some elements. It is the 
concept rather .han the details that we wish to emphasize here. The central concept is 
that pollution control does not cost much if the incentives are right; and industry should 
be willing to pay for it, a provided every company pays its share and the policy and costs 
are known in advance or, at least, are predictable. The contribution of the industry to the 
Environment Fund, through hazardous waste charges, amounts to about 0.3 percent of 
industry's valued added, or 1.5 percent of its profits assuming a conservative 20 percent 
profit rate. The more efficieat the industry is in its production process, the less waste it 
generates, and the less it has to pay for waste treatment and disposal. Industry thus has 
an incentive to reduce waste, thereby reducing its expenditure on hazardous waste 
management. With charge-induced waste minimization, the development of business 
opportunities in hazardous waste management, and induced structural changes toward 
less-polluting industries, the impact on the economy would be minimal. Industry, at a 
minimum cost to itself and the economy, would thus make a tremendous contribution to 
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its own image and to die quality of life of the Thai people, while preserving its 

competitiveness in world markets. 

The concept of the Industrial Environment Fund, as described or appropriately 
modified, could be tried on a pilot basis with the 500 largest companies in Thailand 
and/or with the group of industries in Pathurn Thani that has already begun taking its own 
initiative there to control industrial pollution. 

Biodegradable Waste 
The Industrial Envhonment Fund for control and treatment of hazardous waste 

could be extended to encompass biodegradable waste or biochemical oxygen demand 
(BOD) load discharged with industrial wastewater. However, because the wastewater 
containing biodegradable waste is less toxic and more voluminous than hazardous waste, 
it cannot be economically collected and treated by a central treatment facility. It would 
be better controlled and treated at its source. It is proposed that a pollution charge, based 
on the type of industry and level of output, be. collected annually and in advance by the 
Fund. As in the case (,f hazardous waste, the presumptive rate would be set at the 
maximum for the industry type and output level. Factories that produced lower levels of 
BOD could request rebates with interest. The Environmental Fund would conduct its 

own auditing and random inspection to verify a firm's claim. If the claim were verified, 
any excess charge would be refunded with interest. A firm could, in fact, treat its own 
waste discharge, and claim zero BOD discharge. In that case, the full pollution charge 
would be refunded, following verification. However, even in cases of treatment at 
source, a residual BOD is still discharged for which the factory would be required to pay 

a reduced rate. 

Under this system, factories would have a wide range of options for minimizing 

waste and, hence, the pollution charge that they ultimately pay. They could reduce 
output, change their inputs, improve their techrology, treat wastes, and relocate to areas 
where charges were lower. For these purposes, they would be eligible to obtain low­
interest loans from the Fund. A group of factories would also be able to borrow 

collectively from the Fund to build a joint or central treatment facility if this were the 
lowest-cost option available to them. The Fund could also be used for research on water 
pollution, technical assistance to industy pollution control methods, monitoring,'n 

auditing, and inspection. A part of the Fund could also be used to finance the central 
treatment of household waste, if this would permit attainment of the rivers' ambient target 
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level with substantially lower charges for industrial waste (that is, if this was profitable 
from the point of view of the industry which paid these charges). 

The charge should be set at the average cost of wastewater treatment of a given 
BOD concentration corresponding to each industrial group. The average treatment cost 
in 1991 is estimated at 1,000 baht per ton of BOD for industry as a whole. At the 
projected 1991 BOD loading of 525,442 tons from the nine industries which are the 
major sources of BOD (Table 11), a 1,000 baht per ton of BOD charge (assuming a 70 
percent treatment level) would raise a fund of 368 million baht annually, or about 1 
percent of the GDP of these industries. While this amount, as a percentage of the 
relevant GDP figure, is higher than that of hazardous waste treatment and disposal, it is 
still affordable. If we assume a 20 percent profit rate it would not exceed 5 percent of the 
waste-generating-industries' profits. Moreover, the large quantities of wastewater 
generated by the Thai food industry are partly due to the very low cost of groundwater (1 
baht to 2 baht per ton) and the absence of any charge for wastewater discharge, with the 
exception of a few cases such as sugar mills. It is expected that the implementation of 
the proposed pollution charges for both wastewater and its BOD concentration would 
result in significant reductions at a modest cost. Furthermore, industry can recover a part 
of these payments in the form of low-interest loans and other assistance for waste 
treatment (Table 12). 

In all other aspects, the fund for biodegradable waste and water pollution would 
work in exactly the same manner as the fund for hazardous waste. In fact, the two funds 
could, and possibly should, be administratively joined to form one Fund that would cover 
all forms of industrial pollution and be financed by appropriate charges for each type of 
waste. Environmental auditing is as central to biodegradable waste control as it is to 
hazardous waste control. Therefore, a significant new competitive and profitable 
industry, the environmental auditing industry, would be created in response to market 
demand. 

Industrial Air Pollution 
The conversion of industrial boilers, to lignite from other sources of energy, is 

likely to be the single largest source of industrial air pollution in the foreseeable future. 
Lignite, a newly developed domestic source of energy, has a great cost advantage over all 
other conventional energy sources which cost at least 2.5 times the price of lignite per 
kiloton of oil equivalent (KTOE). In terms of pollutant emissions, however, lignite is by 
far the "dirtiest" source of energy. It produces 4.5 times as much SO2, and 1.5 times as 
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much NO x and SPM as coal. By comparison, natural gas, which is also a domestic 

energy source, produces no SO 2 , only 12 percent of lignite's NOx output, and virtually no 

SPM. Natural gas is also lowest in terms of CO 2 emission, thus its potelitial impact on 
the accumulation of greenhouse gases in the atmosphere 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 (Table 13) 

Table 11 Forecasted Biochemical Oxygen Demand (BOD) Loading, 1991-2010 

(Tons Unless Indicated Otherwise) 
Industry 1989 [a] 1991 1996 2001 2006 2010 

Number Worker 
Sugar 508 30,443 153,740 232,425 321,089 436.445 565,811 
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 91,277 130,947 171,703 220,496 273,656 
Tapioca 142 14,249 40,245 61,780 86,661 119,610 156,972 
Sloughter house 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 [b] 131 51,597 3,716 4,642 5,299 5,952 6,625 
Total 1,340 154,442 525,235 784,003 1,075,825 1,464.065 1.913,913 
Whole Kingdom 51,500 1,345,622 

Note: [a] Data taken from the Department of Industrial Works database. 
[b] Number of factories and workeis represents all canned fruit &vegetables industries. 
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Table 12 'Industrial Biodegradable Waste: Annual Cost of Treatment at 70% Level 

1991 2001 2010 
Industry Million % of Million % of Million % of 

Baht GDP Baht GDP Baht GDP 

Sugar 107.6 3.33 224.8 3.37 396.1 3.40 
Pulp & paper 71.9 2.82 163.4 2.82 310.8 2.82 
Rubber 67.6 1.42 124.4 1.06 193.2 0.81 
Beverages 63.9 0.44 119.9 0.44 191.6 0.44 
Tapioca 
Sloughter house 

28.2 
10.8 

5.29 
0.60 

60.7 
13.7 

5.29 
0.60 

109.9 
15.4 

5.29 
0.60 

Canned fish & crustaceans 7.6 0.12 14.3 0.12 22.8 0.12 
Tannery 7.4 0.57 28.2 0.57 95.4 0.57 
Canned pineapple 2.6 0.17 3.7 0.11 4.6 0.17 
Average 367.7 1.05 753.1 1.04 1,339.7 1.02 

Source: Thailand Development Research Institute 

Table 13 Comparison of Gaseous Emission vs. Fuel Cost in the Manufacturing Sector 
(Fuel Cost 1988) 

Fuel Type Cost / Unit Baht Per Tons of Emission / Tons of Fuel in KTOE 
KTOE (x 1,000) S02 NOx C02 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 9.85 B/kg 8,483.15 0.01 1.98 2,980.30 0.05 
Distill (HSD) 6.3 B/I 7,285.32 19.73 4.41 2,978.90 0.58 
Fuel oil 3.0 B/I 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 Research Institute 

http:4,044.60
http:1,513.96
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http:1,849.50
http:2,129.80
http:2,834.71
http:2,979.00
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http:2,859.71
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Lignite is clear,; underpriced for several reasons. First, the royalties paid to the 
government are minimal (18 baht per ton) and do not reflect its cost advantage over other 
fuels. Since the resource is state owned, and minimum exploration is required, virtually 
all the rents should go to the government in the form of royalties. Second, lignite mining 
results in considerable environmental damage to the landscape which may preclude 
future land use. While EGAT pays 4 baht per ton for reclamation costs, it is not clear 
that the private mines which supply industrial boilers make any reclamation cost 
payments. The key element in the argument against lignite is that it is likely to be the 
dirtiest possible source of energy consumed. Its price should reflect this fact, and the fact 
that the industry is concentrated in or near heavily populated urban centers. 

The damage to human health, property, visibility, and aesthetics from the burning 
of lignite has not been quantified here, but if we judge by the experience of other 
countries that have used coal (a cleaner fuel) in large quantitl,., the environmental cost 
of lignite use could be substantial. These costs are likely to be particularly high in the 
case of Thai industries concentrated in Bangkok. The potential impact of lignite burning 
on the quality of life and the tourist industry, could very well exceed lignite's cost 
advantage. 

In principle, it is possible for industrial boilers to use scrubbers, but because of 
substantial economies of scale, these and other pollution control technologies can only be 
afforded by vety large industries. It is therefore socially preferable for lignite to be 
restricted to: (1) power generation by EGAT, which has both the scale and remote 
location to manage air pollution, (2) large industries, such as the cement industry, which 
have the necessary scale for the installation of scrubbers, and (3) industries located away 
from major population centers. 

In the absence of a more targeted instrument, it is proposed that the price of 
lignite be raised to a pariky with natural gas to discourage the conversion of industrial 
boilers; a very costly process that would be difficult to reverse in the future. The increase 
in fuel .s prices, as a result of the Gulf crisis, is making the conversion of boilers to 
lignite ir ,.feasingly attractive. It is therefore urgent that the users of industrial boilers are 
discouraged from shifting to lignite by at least a doubling of the lignite price, and by 
requiring that all industrial boilers using lignite have scrubbers installed. At the same 
time, the use of natural gas should be encouraged. Very large lignite or coal users, such 
as the cement industry, may still find it profitable to install pollution control equipment 
and to continue to use lignite rather than natural gas. To the extent that these plants are 
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located away from high-density pollution areas and employ pollution control equipment, 
their impact on the environment is limited to their contfibution to acid rain. A system of 
rebates could be used to allow selective use of lignite by industries that locate far away 
from major population centers and employ effective pollution control equipment. A fuel 
shift from heavy fuel oil and lignite to natural gas could be encouraged by a combination 
of a price increase in heavily-polluting fuels (especially lignite), and price and tax 
incentives for conversion to natural gas, especially for industries in Bangkok and other 

urban areas. 

Two supplementary measures for controling air pollution from industrial sources 
should be: (1) a reduction of the maximum sulfur content in fuel oil from 3.5 percent to 2 
percent initially, and to 1 percent in the long run, (2) a reduction by a similar percentage 
for diesel oil, and (3) the establishment of emissions standards for new and replacement 
boilers, especially for industries in Bangkok and other urban areas. 

Industrial Prbmotion and Industrial Loation 

Government investment promotion pdiicies that inadvertently conflict with 
environmental protection, such as BOI promotional privileges given to the hazardous­
waste-generating industries, should be reviewed and changed. The great demand for BOI 
promotion privileges by foreign and domestic investors, and the need to be more 
selective in the granting of such promotional privileges, suggest that environmental 
criteria (e.g., quantity of hazardous waste per unit of GDP) should play a more decisive 
role in investment project selection. It is critical that the government rest, acture the BOI 
promotional policies to favor environmentally sound investments and to promote 
industries that minimize pollutants per unit of value added. 

Industrial estates should be encouraged (or required) to take more active roles in 
controlling pollution within their territory, taking advantage of proximity, homogeneity, 
and economies of scale in treatment, monitoring, and enforcement. The concept of the 
industrial estate can be used to consolidate new small-scale industries in order to 
minimize the cost of monitoring and coordination, and attain economies of scale in 
pollution control and infrastructure. While there are several backward and forward 
linkages between firms in an industrial zone, a loose demarcation of zones for "polluting" 
and "non-polluting" industries, with the latter encouraged to locate away from densely 
populated areas, might be an effective means of reducing the environment risk factor 
(Figure 4). 
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The government's policy to decentralize industry into the rural areas, to reduce 
congestion in Bangkok, and to spread the benefits of industrialization, should a;(so take 
into account the environmental pros and cons of such a policy. A preferable alternative 
might be to promote a limited number of clusters of industry outside the BMR, rather 
than a comprehensive rural industrialization of the Taiwan model which is now 
experiencing a backlash because it has spread industrial pollution throughout the 
countryside. 

CHOOSING THE RIGHT ENERGY MIX 

The impact of entgy on the environment derives from fuel use in transportation, 
the power sector, and industry. Air pollution from industrial sources was discussed under 
industrial pollution. This section proposes policies for dealing with pollutants from 
transportation and the power sector as well as with greenhouse gases from all sources 

Table 14 Energy Emissions by Sector, by Type 

Unit: 1000 Tons per Year 

Share by Sector (%) Share by Sector (%)

Emission 1988 
 2011 

Ind. Tran. Power Ind. Tran. Power 

HC or VOC 813 1.5 41.2 0.1 1,693 1.4 88.1 0.4
NOx 401 10.8 66.6 11.8 2,077 11.6 60.0 26.4 
S02 552 26.4 23.1 44.4 3,186 26.8 10.8 60.3
CO 2,054 2.5 87.2 0.3 8,404 1.6 95.7 0.4 
C02 86,338 21.1 31.8 18.8 388,600 17.9 30.8 42.9
SPM 514 40.2 17.9 3.4 1,596 67.1 25.6 2.7
Lead 1 - 100.0 - 2 100.0 ­-

Source: Thailand Development Research Institute 
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Transportation 
To protect urban air quality from degradation, the government is planning to 

reduce lead in gasoline to 0.15 grams per liter, and the sulfur in diesel fuel to 0.5 percent 
(by weight) beginning in 1993. Although tie planned reduction of lead content will 
stabilize lead emissions in the Bangkok area, the presence of lead in gasoline, even in 
reduced amounts, prohibits the use of catalytic converters in vehicles to trap SPM, CO, 
HC, and NOx emissions. The introduction of lead-free fuel should be initiated as soon as 
possible to enable the use nf catalytic converters. 

Modification of the refining process to produce lead-free gasoline will take 2-3 
years. The government should formulate a policy for the production of lead-free gasoline 
by local refineries in addition to the production of low-lead fuel (0.15 grams per liter) 
being planned. Such a policy should be implemented as soon as possible because it will 
affect the design of the new greenfield refineries to be constructed during the Seventh 
Plan. Meanwhile, the government should establish a time frame to phase out leaded 
gasoline. This may not take very long since a preliminary survey by Shell indicates that 
only 12 percent to 15 percent of the existing car fleet (mostly older cars) require leaded 
gasoline for their engines. The rest of the fleet could immediately switch to lead-free 
fuel. 

Initially, lead-free gasoline should be of mid-range grade (having octane of 92 
RON). This should be an optimum octane level since both Shell and the Ministry of 
Commerce survey results indicate that 75 percent of the existing car fleet could run 
efficiently at this octane level. 

Removing lead from gasoline will raise the price by about 0.5 baht per liter, and 
the cost of a catalytic converter amounts to only 3 percent to 4 percent of a new car price. 
Thus, the costs are relatively low and should be passed on to consumers. However the 
study recommends that the government equalize the prices of leaded and unleaded grades 
to promote the use of lead-free fuel in new and old vehicles (and to prevent "cheating" by 
new vehicle owners). The price of leaded gasoline would therefore be raised to match 
the unleaded grade, so that the users of leaded fuel help pay for the cost of lead removal. 
This would comply with the polluter-pays-principle and serve to discourage the use of 
leaded gasoline. The study also recommends that the level of sulfur in diesel fuel be 
reduced to 0.25 percent (by weight) rather than the 0.5 percent level targeted by the 
government. The 0.25 percent level conforms with international standards. 



39 Recommendations 

Currently, about 25 percent of total SO 2 emissions come from the transportation 
sector. The reduction of sulfur in diesel fuel to 0.25 percent would significantly slow 
down the increase of SO 2 emissions resulting from the expected high growth of diesel 
fuel consumption in the future. In addition, the government should establish a time frame 
to further reduce sulfur content in diesel fuel to enable the use of particulate traps in 
diesel engines. This will result in significant reduction of SPM emissions. Removing 
sulfur in diesel fuel will raise diesel prices by only about 0.2 baht per liter. This cost 
should be passed on to consumers of diesel fuel. 

Within the medium-term time frame the government should aim to promote low­
carbon fuel consumption and energy efficiency improvements. First, the policy to phase 
out leaded gasoline should continue as lead-free gasoline is making significant inroads 
toward full utilization. Second, by using price incentives, the government should 
encourage an increased use of LPG in vehicles and light trucks to slow consumption of 
gasoline and diesel fuel. Third, Bangkok's bus fleet should be gradually converted to run 
on CNG as that fuel becomes available in various parts of the city as a result of the 

proposed PIT's pipeline network. 

As for efficiency improvements, efficiency standards on new passenger cars 
should be established. The goal is to reduce the current fleet-wide average fuel 
consumption of 11 liters per 100 kilometers to 8 liters pcr 100 kilometers (the United 
States standards) in the medium- to long-term time frame. An increase in fuel prices 
would be as effective as the setting of standards in attaining the efficiency target but less 

costly to the economy. Experience elsewhere has shown that proper fuel pricing will 
raise fleet efficiency as consumers demand more efficient cars with smaller engines. 

Within the long-term time frame (8-10 years) the government should aim to 

achieve the proposed pollution control targets. All vehicles should be running on lead­
free gasoline, LPG, or low-sulfur diesel fuel. Emission control standards should be 
established. At least 25 percent fleet-wide efficiency gains should be achieved. 

Transport demand controls should be established. 

The Power Sector 

The government policy to reduce sulfur in fuel oil and establish emissions 
standards for industrial plants will reduce acid rain precursor emissions. This study 
recommends that the government establish equipment performance standards for S02 and 
NOx in new lignite power plants within a 2-3 year time frame. The target is to reduce 
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SO2 and NOX emissions at the lignite plants by 90 percent and 40 percent of the 
uncontrolled levels, respectively. These so-called "Phase I" standards are equivalent to 
the new source performance standards implemented in the United States in 1971. Thus, 
the proposed recommendation is relatively less stringent than th- standards that are being 
enforced in Japan, Europe, and North America. 

This "Phase I" standard would raise the power generation cost of a new lignite 
(300 MW) plant by 25 percent to 36 percent. However, the levelized cost over the entire 
generation system will be increased by only 3 percent to 4 percent. This added cost 
should be passed on to consumers. 

In the medium-term, the government should set a time frame for "Phase I" 
standards which will further reduce SO2 by 95 percent from the uncontrolled level. 
Although the Phase II standards would still be less stringent than the existing standards in 
most developed countries, they would substantially reduce acid rain precursor emissions 
from future power plants, and minimize potential damage resulting from these 

emissions. 

In addition, the government should promote the- use of natural gas in power 
generation to replace imported coal which is being planned by EGAT. The additional 
supply of natural gas (beyond that being produced domestically) could come from 
imports in the form of LNG, and from neighboring countries (via pipeline) in the form of 
joint natural gas development. 

A broader fuel switch policy should examine the use of nuclear power generation. 
Serious evaluation of the nuclear option in terms of technology, pricing, waste disposal, 
and public acceptance should be carried out in the medium-term time frame. A fuel shift 
policy for power generation, together with the establishment of emissions standards at the 
lignite plants, will effectively reduce acid rain precursors in Thailand. However, a 
significant use of natural gas and the introduction of nuclear technology in Thailand will 
require in-depth considerations on various economic and technical factors such as the 
source of supply. fuel price, transportation cost, and the scope of technological transfer. 
Although these 3nsiderations are beyond the scope of this study, we recommend that 
serious assessments of these possibilities be initiated within the medium-term time frame. 

Greenhouse Gas Emissions 
The above mentioned policies to improve fuel consumption efficiency and to 

change fuel mixes toward low-carbon fuels, such as LPG and natural gas, will effectively 
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reduce CO2 emissions from fossil fuel consumption. According to our study, 
comprehensive environmental control measures (with a nuclear fuel option that meets 30 
percent of EGAT's energy requirement) will cut CO 2 emission from energy consumption 
by 40 percent from the Base Case by the year 2011. 

However, an effective greenhouse gas control policy must also consider the 
pattern of land use. This study has found that reforestation could effectively absorb 
significant amounts of CO2 emissions. If a reforestation program of one million rai per 
year were implemented for 40 years, 16 million tons of CO2 would be absoibed annually. 
This would be sufficient to absorb all of the incremental emissions originating from 
energy utilization which, on average, will grow by 13 million tons per year under the 
Base Case. That is, if the reforestation policy is carried out successfully as mentioned, 
the level of CO2 emissions in the country will stabilize despite high growth of energy 
demand. However, in light of the difficulties associated with reforestation programs, 
major reductions in C0 2 may have to come from a comprehensive emission controls 
policy, to be supplemented by reforestation programs. This would be the most effective 
greenhouse gas policy for the country. Successful implementation of this policy will 
strengthen Thailand's position in responding to the international calls for greenhouse gas 
reductions. Furthermore, the combined policies would ensure that Thailand could 
maintain its CO2 emission within the proposed quota system established on an emissions 

per capita basis (Table 15). 

In addition to the above policy measures, the gover, ment should initiate research 
programs to develop non-conventional forms of energy such as solar, wind, and biomass. 
These are clean renewable resources that could be used to substitute for fossil fuels in 
the long run. The solar option should be seriously explored as research in solar cells has 
made significant progress in recent years. Solar energy will be most suitable for 
electricity supply in various remote areas of the country. It also has great potential for 
many other applications. We believe there is a good prospect for solar energy to xcome 
a major source of electricity supply in the future. 

Energy conservation meastir-, should be seriously carried out. Energy 
conservation, including proper pricing of all fuels, would lead to a more efficient use of 
energy. Energy efficiency is one of the most cost-effective means to control long-term 

energy poilution emissions. 
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Table 15 Comparison of Thailand's Carbon Released 
Due to Fuel Consumption and Deforestation 

Year Carbon Released 
due to 

Fuel Consumption a/ 

1979 16 
1981 16 
1986 20 
1988 23 
1989 26 
1991 30 
1996 41 
2001 56 
2006 76 
2011 106 

Carbon Released 
due to 

Deforestation 

123 
112 
59 
35 

10 

10 b/ 
10 b/ 
10b 

10 b/ 
10 b/ 


Unit: Million Tons 
Total Carbon Released 

139 
128 
79
 
58
 
36 
40 
51 
66
 
86 
116
 

Note: a/Includes fo-sil and renewable fuels 

b/ Assuming that defo,'estation remains the same as the 

1989 figure 

Source: Thailand Development Research Institute 
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MANAGING THE URBANIZATION-ENVIRONMENT CONFLICT 

There is a wealth of policy instruments that can help ensure that land use and 
urban growth do not take place at the expense of the environment and the quality of life. 
They include: zoning, building codes, land readjustment, land and building taxes, impact 
and betterment fees, transferable development rights, and the strategic provision of 
infrastructure. No single instrument is sufficient to attain the complex objectives of land 
use planning. The most effective combination of land use planning instruments is one 
that: (1) does not create disparities in the value of adjacent land of similar quality, which 
would become both a source of inequity and an incentive for bribery; (2) estatbishes a 
link between private investment and expansion of public infrastructure; and (3) it is 
largely self-enforced. Current land use plans that rely exclusively on zoning are 
inequitable and ineffective because they fail to coordinate infrastructure decisions with 
private investments, they create artificial and self-destructive price differentials, -nd they 
do not generate the revenues necessary to sustain them. 

Environmental Impact Fees 
An alternative instrument that has been used successfully in other countries is the 

environmental impact fee. Impact fees are single payments required to be made by 
manufacturers, builders, or developers at the time of development approval, and 
calculated to be proportionate to the cost of providing t'he physical infrastructure and 
environmental services needed to increase the carrying capacity of the land sufficiently to 
accommodate the new development and still protect the environment. They have been 
successfully employed in Taiwan and Korea, particularly for water supply and sewerage, 
and in the rapidly expanding urban areas of the United States and Canada for a wide 
range of urban services. The following list provides illustrative examples of potential 
uses of such fees: 

* -Floodprotection 

"Roads, water supply, sewerage, and sewage treatment 
*Environmental auditors and monitoring equipment 
• Parks and recreation 
*Environmental funds to finance hazardous waste cleanup 

The fees are charged against the primary beneficiaries of land conversion and 
development. They are charged at a time When the beneficiaries are in the best position 
to pay. The exact allocation of burden between the landowner, the developer, and the 
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purchaser, will depend on the elasticities of demand in the particular market. In a 
generally unconstrained land market, where there are multiple suppliers and the 
consumers are relatively sensitive to price changes, the cost is largely shifted backward to 
the landowner and the developer. 

Under an environmental impact fee system, landowners and developers in certain 
designateA areas are allowed to convert agricultural land to more intensive use only when 
they ae prepared to pay for infrastructure improvements sufficient to adequately increase 
the carrying capacity of the land. The exact amount of such a fee is determined in 
advance in coordination with the land use planner. The exact amount of the required fee 
and the formulas used in determining it are published and made readily availabLe to the 
public. An incentive system of this type operates in two ways: 

1. It reduces demand for conversion of ,gricultrral land by increasing the cost of 
conversion. 

2. It increases the supply of funds available for controlling the environmental 
hazards associated with development. 

In the United States and Canada, where these systems have been used most 
extensively, impact fees have been found to have four principle attractions: 

1. They shift the burden of capital financing of infrastructure additions to the 
primary beneficiaries. 

2. They synchronize the availability of funding for infrastracture with the increased 
demand created by development. 

3. They reduce potentinl inequities amoing landowners and replace them with 
economic discipline. 

4. They enhance the quality of life within communities by discouraging unwanted
land uses and assuring that externalities associated with any such uses be reduced 
to !he minimum. 

In addition to these attributes, four other aspects seem particularly noteworthy for 
Thailand: 

1. They represent a workable compromise between the rigidity and potentially
questionable enforcemeni of a land zoning policy, with the flexibility of the 
market place. 

2. They allow land markets to respond flexibly to unforeseen shifts in market
 
demand.
 

3. They reduce the need for subjective case-by-case decisions and the opportunity
 
and/or appearance of favoritism.
 

4. They help to increase financial and planning capabilities of local governments
 
most heavily impacted.
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Although environmental impact fees are normally collected by the institution 
charged with issuing building permits within the municipality, the fees could just as 
effectively be assigned to an escrow account to be released in installments as the required 
infrastructure was provided. Such an arrangement would avoid the need for provincial 
authorities to ever actually receive the funds and could thus assure that the impact fees 
would not be transferred to the central government and could truly remain for use in the 

area impacted. 

Because a major source of the environmental problem in Samut Prakan and other 
suburban provinces is related to the continuing disparity between private sector growth 
and investment in infrastructure, we recommend that the land use control system in the 
BMR rely more heavily on indirect controls such as impact fees which can serve to 
restore the necessary link between private investment and environmental infrastructure. 

In the United States and Canada, where urban and environmental impact fees 
have been used most extensively, impact fees normally represent between 4 percent and 8 
percent of total capital investment. If, by contrast, an impact fee of only 1 percent were 
levied against new capital investment in Samut Prakan (or any other rapidly developing 
province in the region), this would nearly double the revenues potentially available for 

providing badly needed infrastructure. 

Fees of this type have proven to be relatively easy to administer in the countries 
that have employed them and could be handled either at the provincial or municipal level 
in Thailand depending on the geographic jurisdiction in which they were located. In 
either case the calculation of the required fee must be based on publicly available 
objective criteria and ,here must be provision for retaining the fee proceeds at the local 
level so that they can be used to finance the needed infrastructure. 

At the municipal level, urban environmental impact fees could be treated in a 
fashion-similar to that of a property tax, as local municipalities already have the authority 
to collect and retain property taxes for local use. Where new land development and 
industrial investment falls under the jurisdiction of provincial authorities, however, some 
additional provision would have to be established to allow retention of fees collected. 
One such mechanism would be the establishment of an environmental trust fund or 
escrow account specifically earmarked for use in the locality impacted. 
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An impact fee of this type would address both the demand and supply side of 
urban and environmental infrastructure. While fees at the 1 percent level are not likely to 
have much impact on private investment, larger fees (in the 4 percent to 8 percent range) 
in heavily impacted areas could be used to reduce demand and redirect rapid growth 
toward areas in greater need of additional investment. At the same time, collection of 
these fees would assure that the supply of revenues available for urban and 
environmental infrastructure would rise in rough proportion to the growth in 
environmental impacts. would duringRevenues decline years of declining private 
investment but, of course, during those years there would be less need for additional 
infrastructure. 

Thus, an environmental impact fee of the type described can be a far more 
effective mechartism for controlling land use and the environmental impacts of rapid 
urbanization and industrialization, than the reliance on zoning or "Green Belt" policies 
alone. A "Green BeW' or conservation area can best be implemented in combination with 
the concept of transferable development rights (TDRs). 

Transferable Development Rights (TDRs)
 
TDRs are 
ideally suited to situations where the overriding objective is to limit 

overall density while preserving equity and minimizing government interference. Under 
the TDR approach if the goal were to limit a particular type of development to one-fourth 
the normal density, for example, each landowner would be is,'ied one-fourth of a TDR 
for each rai of his land. The government would then require that all developers obtain at 
least one full TDR for every rai they sought to develop. Landowners under this system 
would then be free to trade or sell their TDRs for whatever amount buyers were willing 
to pay. Under such a system the losers (those who give up their rights to develop) are 
fully compensated by the gainers, and the mutual objective of limiting development 
within the designated area is achieved. 

Variations of this approach can also provide for a portion of the development 
rights to be held initially by the government and then auctioned off to developers as a 
means to raise revenues for recovering the cost of necessary infrastructure. The auction 
system recently proposed by representatives of the Bangkok Metropolitan Authority is an 
example of the transferable development right concept. It recognizes the role of market 
demand in urban development and employs a market-based land use control system to 
achieve public objectives. 
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Systems of both types have been employed successfully in both North America 
and Western Europe for land use and pollution control, and a basic variant of this system 
has been used extensively in the United States to control the growing of certain 
agricultural commodities. 

The concepts of transferable development rights and auctioning of permits for 
non-confirming uses should be explored as supplementary mechanisms that can both 
relax the current rigid zoning' system, and employ market forces to discourage large 
numbers of non-conforming uses while raising revenues to nitigate their impacts. 

CONCLUSION 

Industrialization, urbanization, and associated energy consumption have created 
innumerable benefits for the Thai society, ranging from employment to technological 
development, from export earnings to income growth, and from increased wealth to 
improved quality of life. But there is a price to be paid, in terms of industrial waste, 
urban congestion, and air pollution which lower the quality of life or require substantial 
resources to clean up. To safeguard, expand, and equitably share the benefits of 
industrialization, its environmental costs must be kept to a minimum, and paid by those 
who benefit from industrialization, urban growth, and energy consumption (both 
producers and consumers). The beneficiaries, who are also the polluters, can best afford 
the price of growth and industrialization, because it reflects only a small fraction of the 
benefits they enjoy. Moreover, they are in the best position to minimize environmental 
impacts by shifting to less-polluting products and cleaner technologies. Whether the 
beneficiary-pays-principle or the polluter-pays-principle is applied to allocate the 
environmental cost of industrialization, the burden would and should fall on the industry, 
the power plant, and the land developer, in the first instance, and, ultimately, on the 
consumers of the offending products. 

Up to the present, the society at large was called to bear the environmental cost of 
industrialization by forgoing traditional uses of surface water, breathing foul air, and 
risking injury from hazardous waste. While the industrial sector was in its infancy, the 
urban population was small, and Thailand was struggling to industrialize, this may not 
have been a bad arrangement. But today Thai industry is among the most dynamic and 
rapidly growing industrial sectors in the world; Thailand is soon to become a newly 
industrialized country. Exposure of the general public to the risks of industrial waste, or 
relying on the taxpayer to foot the bill for cleaning up, is not befitting a modern industrial 
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sector attuned to its social responsibilities. It is not just that dumping industrial waste in 
public places is irresponsible, or that expecting the public to pay to clean it up unfair, but 
it is also inefficient and cost-ineffective. The public has no choice but to suffer or pay to 
clean up whatever waste ink->istry chooses to leave behind, in whatever amounts. The 
public can do nothing to reduce the quantity of waste generated, while the industry which 
can, has no incentive to reduce or treat waste since it costs nothing to dump it. Similarly, 
the consumers of electricity, gasoline, and industrial products, and the landowners, 
developers, and users of urban land, generate pollution and congestion which they alone 
are able to control, but have no incentive to do so. 

The policies recommended in this study aim to provide producers and consumers 
with the right incentives to control the byproducts of their activities, and to do so at the 
minimum cost possible and with the maximum of freedom of cheice. To be sure, aprice 
would have to be paid, but, if the policies recommended here are adopted, this price 
would be the lowest possible price and would be equitably shared. Thailand can be an 
industrialized economy and a clean and green country at the same time, if everyone 
accepts to pay the price, the full price, of progress and of asustainable future. 
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