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1. INTRODUCTION 

In Thailand, industrial expansion is often considered 
vital for national development. As a consequence, during 
the past few decades, Thai government administrations 
have focused intensive promotion efforts on attracting 
investors to set up factories in this country. Among the 
many industrial estates that have been established in 
Thailand, Map Ta Phut Industrial Estate has received 
considerable attention from different parties. Since its 
establishment in 1988, Map Ta Phut Industrial Estate has 
served as an important industrial hub for the production 
of petrochemicals, chemical products, iron, and other 
metals, as well as for refining petroleum. According to 
the Industrial Estate Authority of Thailand, the 
development of industrial clusters in Map Ta Phut and 
other industrial estates has contributed to increasing the 
efficiency and strength of the country’s competitiveness 
in global markets. 

Regardless of their contributions to national 
development, the rapid development of the industrial 
sector and the establishment of industrial clusters, 
particularly in Map Ta Phut, have given rise to a number 
of environmental problems and have created a health 
crisis. It has been claimed that emissions of volatile or- 
ganic compounds (VOCs) and gaseous toxic substances, 
such as nitrogen dioxide and sulphur dioxide, from 
plants in the industrial estate are the cause of illnesses, 
such as respiratory diseases and cancer, among people 
who live in close proximity to the industrial area. The 
occurrence of these problems has resulted in resentment 
among the local residents and the general public. Given 
the existence of the National Environmental Quality Act 
of 1992, the Factories Act of 1992, the Public Health Act 
of 1992, the Hazardous Substances Act of 1992 and 
other regulations,1 it may be asked, how could this type 
of problem have been allowed to arise? Moreover, since 
this problem has already emerged, what can the 
communities of people living near the plants do about 
these issues and what will be the response of the plants 
concerned? 

Despite the existence of industrial and environ- 
mental regulatory bodies and the different Acts that spell 
out various regulations and set standards to control 
pollution, the emissions released by many industrial 
plants have continued to exceed permissible levels. This 
situation is due to the fact that the industrial and environ- 
mental agencies responsible did not strictly enforce the 
industrial and environmental standards. In particular, 
they neglected to take action against those industrial 
plants that failed to live up to established standards. 

In view of the problems that have already 
emerged, including the increased incidence of illness, 
some residents in the Map Ta Phut area filed complaints 
with the provincial administrative court concerning  
the pollution. Their purpose was to seek the court’s 
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protection for their rights. They also wanted the Map Ta 
Phut area to be declared a pollution control zone. Some 
local residents organized community protests in their 
effort to seek compensation and resettlement. In 2009, 
the court ruled in favor of the residents, ordering the 
National Environment Board to designate areas around 
Map Ta Phut as a pollution control zone. 

Providing the public with only monetary com- 
pensation, treatment and rehabilitation, even in a fair and 
thorough manner, is not enough to solve the pollution 
problems at the Map Ta Phut Industrial Estate and the 
negative impacts those problems have had on the 
environment and the communities’ quality of life. The 
industrial plants need to take serious action to ensure that 
the quality of water and air is improved to an acceptable 
level by reducing the emission of air and water 
pollutants, as well as the disposal of solid and industrial 
waste according to, if not better than, the legal 
requirements.2 To reduce the amount of toxic substances 
and wastewater produced by each plant, the operators 
must be ready to invest in advanced abatement 
technology to reduce those pollutants. This is the focus 
of this paper. 

The real options approach has been used 
extensively in studies on power plants in the United 
States with regard to the decision to retrofit power plants 
with flue gas desulfurization (FGD) (Halkos 1993). The 
FGD method is also known as scrubbing. It involves the 
installation of a scrubber, that is, equipment that helps 
remove sulphur dioxide from the exhaust before it is 
released into the air (Dixit and Pindyck 1994; Trigeogis 
1996; Schwartz and Trigeorgis 2001). The installation of 
scrubber equipment clearly requires the operators of 
power plants to make an irreversible investment at a time 
when the future prices for the power they produce cannot 
be known with certainty (Hunter and Mitchell 1999; 
Insley 2003; Löfgren et al. 2008; Tuthill 2008). 

In this paper, we study a plant’s response to com- 
munity protests which were triggered by the pollution 
problem caused by the plant’s industrial activities. 
Provided that there is uncertainty over the future costs 
and benefits of an investment in abatement technology, 
that the plant’s investment is irreversible, and that there 
is some leeway about the timing of the investment, real 
options analysis affords an appropriate framework for 
studying the investment decision. In particular, the 
present study shows how the interaction of pressure 
resulting from the community’s protests, uncertainty and 
irreversibility affects the optimal timing for the plant’s 
operators to invest in abatement technology. 

Most of the papers that exist in the literature 
related to this topic use the real options approach to 
examine the decision to make an irreversible investment 
in a large capital project involving uncertain costs and/or 
benefits to ensure that the plant operators can comply 
with various air quality regulations.3 In this paper, we 
use the real options approach to study the optimal time 
for an industrial plant to invest in abatement technology 
in response to community protests. As discussed 

previously, even though several pollution control regula- 
tions and standards exist in Thailand, such as the 
National Environmental Quality Act of 1992 and the 
Factories Act of 1992, without strict enforcement, 
industrial plants do not live up to such standards. Only 
when the communities affected started to protest, file 
complaints about the pollution and demand compen- 
sation did the operators of the industrial plants realize 
that they could no longer neglect the pollution problems 
that resulted from their production activities. Resolution 
of those problems in the Map Ta Phut area would 
necessitate that the industrial plants take initiatives to 
reduce their emissions of air and water pollutants. It is at 
this point where investment in advanced abatement 
technology can contribute to the resolution of such 
problems. 

The paper is structured as follows. After the 
introductory section, we introduce our analytical 
framework in section 2. In particular, we describe how 
the industrial plant’s investment problem can be treated 
as an optimal stopping time problem and discuss how  
the model could be solved. In Section 3 we present  
the numerical results. Section 4 is devoted to the 
implications of our findings for policy purposes, while 
Section 5 concludes the study. 

 

2.  THE MODEL 
 
2.1  The Environment

 
Consider an industrial plant which manufactures 

an output, , where . We simplify our 
analysis by assuming that the production of  requires 
only physical capital, . Suppose that the 
plant’s production of output at period , , follows the 
stochastic differential equation below: 

    (1) 

where  is the rate of depreciation,  is an 
uncertainty parameter, and  is a Wiener process, 
which represents an uncertainty that could affect the 
plant’s production.  
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We suppose also that the price of the output, 
, is denoted by , where . The relationship 

between  and  can be described by the 
equation , where . We assume 
that, with the use of existing technology, the production 
of  generates some pollution, which could take the 
form of noise pollution, water pollution etc., as by-
products of production, and such forms of pollution are 
emitted into the area occupied by the local community. 
The pollution which is the result of the plant’s 
production processes is assumed to cause damage–both 
direct and indirect–to the people who are living in close 
proximity to the plant. In this context, the direct damage 
corresponds to the damage to the residents’ physical 
well-being, which could include illness or discomfort, 
while the indirect damage is associated with damage to 
the residents’ personal belongings, real property or 
crops. As discussed in the introduction, in the midst of 
such a situation, the residents could express their 
dissatisfaction with the plant’s actions by participating in 
various forms of collective action, including community 
protests, blockage of roads or the factory itself, and 
backlash. By obstructing the factory and interrupting the 
operations of the plant, we assume that the community 
protests impose some adverse effects on the production 
of . 

Formally, to model the impact of the community 
protest on the plant, we capture the impact of the protests 
on the plant’s production,  through a state equation. 
In the midst of the community protests, the production of 

the plant follows the path depicted in the differential 
equation below: 

 

where the term  captures the impact of the 
protests on production. If , this differential 
equation can be rewritten as: 

    (2) 

How could the operators of the plant deal with 
the protesters?  In practice, we can observe that plants 
can deal with protesters in a number of ways. For 
instance, when the damage caused by the by-products of 
the production process is not very great and the number 
of residents affected is relatively small, the industrial 
plants may choose to make lump-sum payments to 
compensate the injured parties. Other plants might 
choose to clean up the pollution or the contaminated 
areas to eliminate the cause of the protests; however, this 
approach would help the plants tackle such problem only 
temporarily. In other words, only the pollution that 
resulted from production in the past would be cleaned 
up. Pollution that would be emitted into the local 
environment in the form of by-products of the plants’ 
current and future production would necessitate that the 
plants take similar action repeatedly in the future. 
Alternatively, some plants might try to get around the 
problem in a very short-sighted way by diverting the 
drainage of wastes and chemicals, but this may affect 
other villages that are close by. Such a course of action 
does not tackle the problem directly; in the near future, 
the residents in such nearby villages who become 
affected by the plants’ actions might initiate similar 
kinds of protests, demanding that the plants take some 
serious action to solve the problem. 

With these different ways of addressing the 
problem in mind, in this paper, we restrict our attention 
to the plant making a sunk investment in abatement 
technology, which would reduce the emission of 
pollutants into the local environment.4  Suppose that the 
sunk cost to be incurred by the plant’s operators if they 
invest in abatement technology is represented by , 
where ,  and ; they would then 
face an irreversible investment problem. Before the 
plant’s operators decide to make the investment, they 
face the following problem: 

  (3) 

subject to equation (2), where  denotes the discount 
rate,  is the time that the operators require to invest in 
the abatement technology,  is the cost incurred in 
making the investment and  is the plant’s value 
function after the operators have invested in the 
abatement technology. 
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What happens after the plant’s operators invest in 
the abatement technology? After they have invested in 
the abatement technology, we assume that the residents 
stop protesting since the level of pollution emitted by the 
plant would decline substantially to a level that is no 
longer hazardous to those residents. As a consequence, 
protesting no longer would have any adverse impact on 
the plant’s production, that is, . In this sense, the 
abatement technology investment would be beneficial 
for the plant. However, the plant would incur a cost, 

, for maintaining the new abatement facility. 
Since it is not rational for the operators of the plant to 
bear the entire burden of a major increase in costs alone, 
they would want to pass on this additional cost to the 
final consumers who purchase the plant’s products by 
raising the price of such products. It follows that 

, where  denotes the new price of the plant’s 
products. After investing in the abatement technology, 
the present value of the plant’s profits is given by: 

,   (4) 

and the plant’s production of output, , now follows 
the stochastic differential equation below: 

 (5) 

We assume that  is linear in , or 
formally, , where . Since 
equation (1) has a Markovian structure, it follows that 
the optimal stopping time problem takes the form of: 

 (6) 

where  is the output threshold. The problem of finding 
the optimal time for this particular plant to invest in the 
abatement technology is essentially equivalent to finding 
the output threshold, . It is important to note that 
equation (2) follows a geometric mean reversion (GMR) 
process, and each moment has been derived according to  
the method indicated in Ewald and Yand (2007). The 
dynamic of equation (2) is tied to the mean reversion 
level  and , a parameter which captures how fast 
the economy reacts to the disturbance from . 
Equation (5), however, follows a geometric Brownian 
motion (GBM) process. It is commonly known that the 
GBM process is unbounded. The following are some 
properties of the GMR and GBM processes. Both of 
these processes are non-negative; moreover, they have 
the property that, once they reach , they remain there. 
Interpreting that property in the context of our analysis 
would indicate that the plant has entered into 
bankruptcy. 
 
2.2 Solving the Model 

 
We begin by solving system (4) subject to (5), 

which characterizes a situation after the abatement 
technology has already been installed by the plant’s 
operators. To solve the model, we apply the Hamilton-
Jacobi-Bellman (HJB) equation for system (4) subject to 
(5) as follows: 

,  (7) 

where  is the value function for the plant after the 
abatement technology investment has been made. 

The solution for equation (7) takes the form of 
. By substituting the solution into 

equation (6), we obtain  and . It is 
crucial to note that our analysis is based on the condition 
that . This condition requires that the discount rate, 
, be sufficiently large to guarantee that the value 

function, , exists. If , the value function, 
, would not exist since the integration may be 

infinity. The reason is that the plant’s instantaneous 
profit function, , would be increasing in  and 
equation (5) is unbounded.5 Therefore, it is important 
that we suppose that the discount rate is sufficiently 
large to ensure that the value function of the plant is a 
finite number. 

Next, we proceed with an analysis of the situation 
before the plant’s operators invested in the abatement 
technology. This corresponds to system (3) subject to 
(2). The HJB equation for this system is as follows: 

  (8) 

where  is the plant’s value function before the 
investment was made in the abatement technology. 

The free boundary conditions are: 

   (9) 

and 

    (10) 

where conditions (9) and (10) are called, respectively, 
the “value-matching” condition and the “smooth-pasting” 
condition. The value-matching condition requires that, at 
the time when the plant operators invest in the abatement 
technology, their payoff needs to be equal to its payoff 
from investing in the abatement technology net of the 
sunk cost that they incur from such an investment, . 
The smooth-pasting condition ensures the continuity of 
the slopes of  at . 

Moreover, since both instantaneous profit 
functions are  at , we obtain the third condition: 

.   (11) 

Note that, when , according to Dixit and 
Pindyck (1994), the solution takes the form of , 
where  is a constant and  is given by an appropriate 
positive number.  is a solution to Kummer’s M 
function. On the contrary, when , equation (8) is 
non-homogeneous and the variation of parameters leads 
us to the solution of the form: for some 

. It becomes evident that the problem becomes more 
complicated to solve. However, we take advantage of 
condition (11) and apply the shooting method. The idea 
underlying this method for solving a boundary value 
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problem is to reduce it to the solution of an initial value 
problem. Therefore, we first choose  and suppose that it 
is the optimal stopping time. We then apply the shooting 
method together with the boundary equations (9) and 
(11) to solve equation (8), and test whether or not the 
solution satisfies condition (10). If condition (10) is not 
satisfied, we then give a small  and move  to  
and repeat the procedure until we find . This 
completes the description of how the problem of optimal 
stopping time could be solved. In Section 3, we present 
the numerical results. 

 
 

3.  THE NUMERICAL RESULTS 
 
In this section, we present the numerical results 

of the model discussed in the previous section. When 
choosing the values of parameters to be used in our 
numerical simulations, we need to ensure that the 
following condition, , is satisfied in order 
to ensure that the process is non-negative. 

Figure 1 plots the value function, , as a 
function of output, , using the following parameter 
values: , , , , , 

, , , , and . The 
solid line in the figure represents the plant’s value 
function after the investment has been made in the 
abatement technology, , while the dash line represents 
the plant’s value function before that investment. This 
figure shows that it is optimal for the plant’s operators to 
invest in the abatement technology at = . If 
they make the investment before  is reached, it would 
not be worthwhile to do so; on the contrary, if the plant’s 
operators choose to further delay investing in these 
facilities, they would forego some benefits.  

Figure 1:  The Firm’s Value Function and the 
Threshold 

 
There are several parameters in the model that 

could affect the plant’s value function, , and thus 
the threshold, . In what follows, we examine how , 

and  are affected by changes in the values of the 
following parameters: (i) the price of the plant’s product 
after the investment has been made in the abatement  

 
technology, ; (ii) the impact of the protests on the 
plant’s production, ; (iii) the volatility parameter, ; 
(iv) the sunk costs from investment in the abatement 
technology,  and ; and (v) the cost of maintaining the 
abatement technology, .  

We begin by examining how changes in the 
parameter  affect its value function and the threshold. 
Figure 2 depicts the results of our numerical simulations 
on  and  for three different values of , namely 

,  and . It is clear from the figure that, the 
higher is , the smaller will be . The interpretation 
for this result is that, if the price of the plant’s product 
can be increased in order to pass on to consumers the 
additional costs incurred as a result of the investment in 
the abatement technology, this would shorten the time 
the plant’s operators have to wait to accumulate 
sufficient capital to cover the high cost of investing in 
the abatement technology. 

 
Figure 2:  How the Firm’s Value Function and the 

Threshold Are Affected by Changes in  

 
Next, we examine how the plant’s value function 

and the threshold change when we allow for a variation 
in . In Figure 3, we conduct numerical simulations on 

 and  using three different values of , namely 
, , and . It is evident from the figure that, if 

protests by the people living in communities near the 
plant impose a larger adverse impact on the plant’s 
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production, the plant’s operators would try their best to 
ensure that the protests subside as quickly as possible by 
investing in the abatement technology earlier. Therefore, 
the larger is , the smaller will be the threshold .  

 
Figure 3:  How the Firm’s Value Function and the 

Threshold Are Affected by Changes in  

 
In Figure 4, we present the results from our 

simulations on  and  with three different values of 
. It is clear from the figure that  is increasing in , 

which implies that the plant’s operators need to wait 
longer before investing in the abatement technology. 
This result is intuitive as the more uncertain are the 
future costs and benefits from investment in the 
abatement technology, the more should the plant’s 
operators have the incentive to delay their investment. 

 
Figure 4:  How the Firm’s Value Function and the 

Threshold Are Affected by Changes in  

 
In what follows, we examine how the changes in 

the costs associated with the abatement technology affect 
the decision of the plant’s operators to make the 
investment and affect its value function. Figure 5 shows 
how an increase in the sunk cost, , affects  and . 
It is clear from the figure that a larger  causes  to be  
 
 

higher. This indicates that the plant’s operators would 
tend to delay their investment in the abatement 
technology if the sunk cost involved in such an 
investment is high.  

Figure 5:  How the Firm’s Value Function and the 
Threshold Are Affected by Changes in  

 
In Figure 6, we show how a variation in the value 

of  affects the threshold and the plant’s value function. 
The figure clearly shows that an increase in  leads to a 
higher . This result is again intuitive. If the plant’s 
operators realize that the sunk cost is higher, they should 
have the incentive to delay the investment. 

Figure 6:  How the Firm’s Value Function and the 
Threshold Are Affected by Changes in  

 
Last but not least, we show in Figure 7 how an 

increase in the maintenance cost, , affects  and . 
From the figure, it is quite obvious that, if the cost of 
maintaining the abatement technology is high, the 
plant’s operators would have the incentive to wait longer 
in order to ensure that they have enough capital to 
maintain the technology. It is important to note that the 
plant’s value function at , , changes slightly 
compared with the changes in the threshold, . 
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Figure 7: How the Firm’s Value Function and the 
Threshold Are Affected by Changes in 

 

What do we learn from the above results? Our 
results show that the impact from the community 
protests, the uncertainty about, and the costs associated 
with, the investment in expensive abatement technology, 
all affect the industrial plant’s timing of investment in 
the abatement technology. First, we find that the greater 
is the adverse impact caused by the community protests  
on the industrial plant’s production, the more would the 
plant’s operators try their best to ensure that such 
protests subside as quickly as possible by investing 
earlier in the abatement technology. Second, the more 
uncertain are the future costs and benefits of the 
investment in abatement technology, the greater would 
be the incentive for the plant’s operators to delay their 
investment in that technology. This result is consistent 
with the findings in the literature on irreversible 
investment under conditions of uncertainty (Dixit and 
Pindyck, 1994). Lastly, from this analysis we find that 
the sunk costs which would have to be incurred as a 
result of such an investment and the costs of maintaining 
the abatement technology also play a crucial role in 
determining the optimal timing for the operators’ 
decision. In particular, the high costs associated with 
investing in the technology could cause the plant’s 
operators to delay their investment. Those findings 
provide room for policy intervention by government 
agencies. 

 
 

4.  POLICY DISCUSSION 
 
Thailand’s Environmental Quality Act was 

designed to serve as a key instrument in addressing 
environmental issues.6 The Act established national 
standards for environmental effluents and emissions and 
laid down liability provision and penalties for violations 
of those standards. Moreover, an environment fund was 
created under the Act to help polluting firms to control 
or eliminate pollutants. In addition, Section 59 of the Act 
empowers the National Environment Board to publish a 
notification designating a certain locality as a pollution 
control area. 

Despite the existence of the Act as the legal 
instrument for controlling pollution and addressing 
environmental issues, large amounts of toxic substances 
and pollution are still being released by different 
industrial plants, causing serious health problems, 
particularly among communities near industrial estates. 
In taking the case of the Map Ta Phut Industrial Estate as 
an example, it can be seen that the rapid industrial 
development in that area gave rise to a number of 
environmental problems and has created a health crisis 
as the emissions of VOCs, nitrogen dioxide and sulphur 
dioxide from the plants in the industrial estate have been 
identified as the cause of illness among people who live 
in close proximity to the industrial area. The occurrence 
of these problems has resulted in resentment among the 
local residents and the general public. What are the 
reasons behind such alarming environmental issues? In 
this paper, we argue that the problem could be due to the 
interaction between industrial plants’ own incentives, the 
absence of punitive sanctions in the prescription of 
environmental quality standards under the Act and its 
poor enforcement. 

With regard to industrial firms’ incentives, the 
results of our analysis show that the sunk costs that the 
plants would incur in making an investment in abate- 
ment technology and the costs of maintaining the system 
play a crucial role in explaining why some industrial 
plants find it optimal to postpone making an investment 
in abatement technology. Delaying investment in 
abatement technology is possible because there has been 
no strict enforcement of the industrial and environmental 
standards set forth in the Environmental Quality Act, as 
the responsible industrial and environmental agencies 
neglect to take the necessary action against the plants 
that fail to meet the standards. Our numerical results 
clearly show that, in general, the high costs associated 
with investment in such technology could cause the 
plants to delay making such an investment. Therefore, 
we should not allow the operators of industrial plants to 
wait until communities start protesting before they start 
taking some serious action to protect the environment, 
i.e., lowering or eliminating the amount of pollution or 
toxic substances released into the environment. In light 
of our findings there is room for policy intervention by 
the government agencies concerned. 

To encourage industrial plants in Thailand to take 
serious action to stem the pollution that results from their 
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actions, first, the agencies concerned must strictly 
enforce the country’s industrial and environmental 
standards. A recently enacted pollution tax law is 
designed to put pressure on the operators of industrial 
plants in Thailand to reduce pollution. It levies such 
taxes in accordance with the volume of plant emissions, 
taking into account all toxic emissions into the air  
and water. With strict enforcement of the law and 
monitoring of emissions, all industrial plants will have to 
regularly check and evaluate the volume of their 
emissions because, if they are found to be over the limit, 
they would be taxed, so they must get themselves ready 
to invest in advanced technology to reduce such 
emissions. 

Once the environmental law is strictly enforced, 
the government could consider offering some financial 
support to these plants so that they could afford to 
purchase such expensive equipment. The financial sup- 
port could take various forms, such as loans dedicated to 
enabling the purchase of abatement technology. Accord- 
ing to the Ministry of Industry,7  the Thai government 
could use some portion of the total pollution taxes 
collected as a result of enforcing the pollution tax law, in 
order to provide low-interest loans to factories so that 
they could meet the environmental standards. If this plan 
materializes, the availability of low-interest loans would 
help ease the factories’ financial constraints. 

Lastly, provided that there are no provisions in 
the Act requiring a review of standard values already 
established, it is proposed therefore that the law be 
amended so that the standard values that have already 
been set be reviewed. 

5.  CONCLUDING REMARKS 
 
In view of the fact that intensive promotion of 

industrial expansion is vital for Thailand’s development, 
investors have been attracted to set up factories in many 
parts of the country, especially in industrial estate areas 
such as Map Ta Phut. However, such promotion has 
been carried out by government administrations at the 
expense of strict enforcement of industrial and environ- 
mental standards. The industrial and environmental 
regulatory bodies responsible for enforcement have 
neglected to take action against industrial plants that fail 
to comply with the industrial standards and which emit 

large amounts of pollutants or toxic substances into the 
environment, at levels that exceed the permissible 
emission rates. In view of the large quantity of toxic 
substances being released from industrial complexes 
over an extended period of time, the level of overall 
emissions has risen to a dangerous level. The ecosystem 
cannot absorb additional pollutants without collapsing, 
and communities living in close proximity to industrial 
areas are experiencing serious health issues as a result of 
pollution. 

In response to their exposure to toxic chemicals 
or pollutants released by factories, the residents of 
communities living near such plants can choose to 
express their dissatisfaction by taking part in anti-
pollution protests. By blocking access to the factories, 
and lodging complaints with government agencies in an 
effort to protect their rights and claim compensation, the 
pressure imposed by the communities could have a 
detrimental impact on the plants’ production. In this 
paper, we studied the optimal timing for the plants to 
invest in expensive abatement technology that would 
help reassure the plants that the threat of protest is 
reduced. 

The results of our analysis show that pressure 
from community protests, the uncertainty, and the costs 
associated with investment in expensive abatement 
technology affect a firm’s decision to invest in such 
abatement technology. We argue the operators of 
industrial plants should not wait until communities 
protest before they start taking some serious action to  
protect the environment, i.e., lowering the amount of 
pollution or the volume of toxic substances released into 
the environment. It is crucial that the government 
agencies concerned intervene. 

Our policy recommendations are twofold. First, 
there must be a strict enforcement of the Environmental 
Quality Act and the newly enacted pollution tax law. 
Second, the government could give some financial 
support to industrial plants so that they could afford to 
purchase expensive abatement technology. One form of 
financial support could be loans dedicated to the 
purchase of such technology.   

 
 
ENDNOTES 
 
1 For details, see the Pollution Control Department, 

http://www.pcd.go.th/info_serv/en_reg_envi.html. 
2 For details, see Industrial Estate Authority of 

Thailand, 2011, http://www.ieat.go.th/ieat/index. 
php?option=com_content&view=article&id=154&It
emid=220 &lang=en 

3 Well-known air quality regulations in the United 
States are the Clean Air Act Amendments of 1990 
and the Acid Rain Program. According to Insley 
(2003), Title IV of the 1990 Clean Air Act 
Amendments mandated a reduction of 10 million 
tons (equivalent to 50 percent of the total) in the 
level of acid rain precursor emissions over those 
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emitted in 1980 by electricity-generating utilities, 
particularly sulphur dioxide (SO ). 

4 Given that a new pollution tax law was recently 
endorsed by all stakeholders at public hearings and 
has been enacted, industrial plants in Thailand will 
be subjected to stricter controls on wastewater and 
air pollution. Thus, in the near future, plants must 
seriously consider investing in advanced abatement 
technology to enable them to meet Thailand’s 
environmental standards. 

5 The solution for equation (5) is as follows: 

 It is well known that  does not exist if 
 is positive. 

6 For details, see World Resources Institute, “The 
Enhancement and Conservation of Environmental 
Quality Act.” Available from http://projects.wri.org/ 
sd-pams-database/thailand/enhancement-and-conser 
vation-environmental-quality-act. 

7 See article in Thailand Business News (November 9, 
2009), available from http://thailand-business-
news.com/news/top-stories/5934-new-pollution-tax-
law-to-be-enacted-soon. 
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