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1. Introduction

The study of socio-economic analysis of persistent organic pollutants (POPs) use and
alternative is one of the enabling activities for development of a national plan for

implementation of the Stockholm Convention on POPs in Thailand.

The Stockholm Convention on Persistent Organic Pollutants is a global treaty negotiated to
eliminate POPs worldwide. The Stockholm Convention identifies twelve POPs of
immediate concerns. There are three groups of these POPs: nine are pesticides (such as
aldrin, chlordane, dieldrin, endrin, heptachlor, hexachlorobenzene (HCB), mirex,
toxaphene and DDT), one is an industrial chemical (namely, polychlorinated biphenyls
(PCBs)), and two are unintentional by-products of combustion and industrial processes
(namely, dioxins or polychlorinated dibenzo-p-dioxins (PCDDs) and furans or

polychlorinated dibenzofurans (PCDFs)).

Thailand has signed (May 22, 2002) and ratified (January 31, 2005) the Stockholm
Convention on Persistent Organic Pollutants. By seeking to reduce and eliminate releases
of POPs from all sources, as a party to the convention, Thailand has been taking an
important step to get rid of the world’s most adversely affected chemicals. Although all of
the POPs have already been prohibited from use in Thailand, unintentionally generated

POPs can be found easily in atmosphere.
1.1 Objective of the Study

The objective of this study is to layout the framework and to demonstrate how to apply
tools of socio-economic analysis to evaluate a selected option of POPs reductions and
eliminations in Thailand. By doing so, we demonstrate that cost-benefit analysis can be
used to assess a proposed option to eliminate a group of POPs such as POPs pesticides.
Least-cost alternative among POPs elimination options would be applied for selecting the
technology for the destruction of PCBs. And a widely used tool such as cost-effectiveness
analysis is demonstrated to evaluate a proposed option for reduction and elimination of

unintentional releases of dioxins and furans.

It is important to note that the research on the applications of socio-economic analysis on

POPs management is extremely limited (and nothing at all in Thailand). The use of socio-
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economic analysis tools in this study under the current limited information of POPs in
Thailand is mainly intended to lay the foundation for the future research in this area.

2. Socio-Economic Analysis
2.1 Introduction

In 2002, the Organization for Economic Cooperation and Development (OECD) has
introduced the “Technical Guidance Document on the Use of Socio-Economic Analysis in
Chemical Risk Management Decision Making.” This technical guidance will be used as a
roadmap for the development of socio-economic analysis of POPs use and alternatives.
The analytical framework in the technical guidance presents procedures and information
specifications that are used to conduct socio-economic assessments for these three groups

of POPs mentioned above.

The following section will focus on those socio-economic analysis tools that are concerned
with the analysis of economic efficiency of potential options for reduction and elimination
of POPs risks.

2.2 Analytical Tools for Socio-Economic Analysis

There are many different analytical tools use in socio-economic analysis. Two commonly
used techniques that are concerned with analyzing of the economic efficiency of potential
options for POPs reductions and eliminations are: cost-effectiveness analysis (CEA) and
cost-benefit analysis (CBA). Both CEA and CBA have been used extensively for assessing
whether a particular option is economically efficient or not, and to indicate the most

efficient option from a range of alternatives.
2.2.1 Cost-Effectiveness Analysis

The cost-effectiveness of an option for POPs reductions and eliminations is expressed as a
ratio of cost to effectiveness. The numerator or ‘cost’ element represents the estimated
costs of adopting a particular option for POPs reductions and eliminations, while the
denominator reflects the relevant physical outcome. Examples of such ratios are given by
calculations of the cost per unit of POPs contaminant reduced. The lower the ratio, the

more cost effectiveness the option is.

Socio-Economic Analysis of Persistent Organic Pollutants Use and Alternatives



Enabling Activities for Development of a National Plan for Implementation of the Stockholm
Convention on POPs in Thailand

2.2.2 Cost-Benefit Analysis

The aim of cost-benefit analysis is to determine whether an investment on a particular
option is worthwhile from an economic efficiency perspective, with the requirement to
place a monetary value on as many of the impacts of a potential option as possible. The
underlying assumption is that by valuing all of an option’s effects in economic opportunity
cost terms, one can determine the trade-offs that society is willing to make in the allocation
of resources among competing demands. As a result, CBA indicates whether or not a
particular option is ‘justified’ in that the benefits to society outweigh the costs to society,

and allows a comparison of alternative options to be made on this basis.

As the analysis of POPs reduction and elimination options is only concerned with
the additional or incremental costs and benefits arising from a proposed alternative, the aim
in CBA is to calculate the monetary value of the changes that would occur under a
particular option compared with the current situation (or base case).

2.2.3 About the Benefits of Reduction and Elimination of POPs
Releases Used in CBA and CEA

There are two categories of benefits that would come from the reduction and elimination of

POPs releases to the environment, namely health benefits and economic benefits.

When performing cost-benefit analysis, evaluations of costs is straightforward, however,
potential health and economic benefits arrived from reducing and eliminating POPs
releases should be carefully explored and evaluated. These estimated benefits would be
expressed in the monetary term. On the contrary, the method of cost-effectiveness analysis
does not require monetization of benefits. Instead, benefits are expressed in terms of

effectiveness, with effectiveness measured in units of reduced POPs releases.

2.3 Steps of Socio-Economic Analysis

Followed the procedures in the technical guidance, socio-economic analysis involves the

following steps:
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2.3.1 Definition of the Base Case — The incremental impact of POPs
reduction and elimination options is the difference between what will happen as a result of
new alternatives of POPs risk management, compared to what would have happened in the
absence of those options. Generally, a starting point for the base case is the current

situation (before the implementation of any POPs reduction and elimination options).

2.3.2 Defining and Selecting Options for POPs Reductions and
Eliminations — Given the base case developed above, the next step is to define the options
that will be analyzed.

2.3.3 Estimation of Costs — An important piece of information about the
incremental or marginal costs of each option is required in order to compare the Base Case
with the Options. The marginal costs of each option are required to estimate for conducting

the socio-economic analysis.

2.3.4 Estimation of Benefits — POPs reduction and elimination programs
typically provide a wide range of benefit. For this study, there are two categories of
benefits that would come from the reduction and elimination of POPs releases to the
environment, namely, health benefits and economic benefits. Both marginal costs and

benefits of each option are required to estimate for conducting the cost-benefit analysis.

3. Application of Socio-Economic Analysis to POPs Reduction and Elimination Options

This section demonstrates applications of analytical tools used in socio-economic analysis
to evaluate a selected option for reducing and eliminating POPs releases. Three classified
groups of POPs considered in performing socio-economic analysis are (1) POPs pesticides,
(2) PCBs, and (3) dioxins and furans.

Based on commonly adopted applications of socio-economic analysis in the field of
chemical management, cost-benefit analysis would be used to demonstrate how to assess
the option of reduction and elimination of POPs pesticides. The least-cost criteria would be
utilized for selecting the technology options for the destruction of PCBs—containing
transformers and capacitors. And finally, cost-effectiveness analysis would be used to

demonstrate how to assess the option of reduction and elimination of dioxin and furan emissions.
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3.1 POPs Pesticides
3.1.1 Background
According to the Stockholm Convention, POPs pesticides, namely, DDT, aldrin,

chlordane, dieldrin, endrin, heptachlor, hexachlorobenzene (HCB), mirex, and toxaphene,

are prohibited for applications and all stockpiles should be eliminated.

Table 3.1: List of Banned POPs Pesticides in Thailand

Chemicals Date of Ban Reasons
Aldrin 1988 Persistent, accumulate in living organisms
Chlordane 1995 (PH) Possible carcinogen, persistent, high impact
2000 (AG) environment, many alternatives
DDT 1983 (AG) Persistent and accumulation in food
chains, possible carcinogen in tested
1994 (PH) animals
Dieldrin 1988 Persistent, accumulate in living organisms,

high acute poisoning, high risk for users

Endrin 1981 Persistent in agricultural products and in
food chain, harm to non-target organisms

Heptachlor 1988 Persistent, accumulate in living organisms

Hexachlorobenzene - Never imported

Mirex 1995 Never imported

PCBs 1975 Risk to human health and the environment

Toxaphene 1983 Possible carcinogen in tested animals,
persistent

Source: Department of Agriculture Note: AG = agricultural use; PH = public health use

The production of POPs pesticides had not been taken place in Thailand, while exporting
had never been reported. Most of POPs pesticides except chlordane have been stopped
from import and use since 1990 due to regulatory actions that prohibited or banned POPs

pesticides from uses in the agricultural sector (see Table 3.1).
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Chlordane was the last POPs chemicals allowed to be used until 1996. The other POPs,
mirex and HCH had never been imported and used in the country.

Currently, all POPs pesticides have been totally banned from use, import, export and

production in Thailand.
3.1.2 Inventory of POPs Pesticides

It is important to propose strategies for identifying POPs stockpiles to ensure that
stockpiles of POPs pesticides are handles, transported and stored in an environmentally

sound manner.

POPs pesticides are typically found in the following locations: (1) storage and mixing
places for agrochemicals (such as stores and farm warehouses); (2) warehouses and stores
of distributing agencies; (3) contaminated application equipment (normally stored in
farmers’ stores, warehouses, etc.); (4) contaminated empty packaging materials (originally
containing POPs pesticides, like bags, bottles, etc.); (5) dumpsites (buried into the ground
as-unsound-disposal practice); (6) soil and groundwater (contaminated by spills); (7)
sediment (contaminated by spills); (8) commercial products containing POPs pesticides

(paints, household insect spray, etc.)

The 2004 POPs Pesticides Inventory Report of Thailand conducted by the NIP/POPs
technical expert found that of 132 tons of both obsolete and POPs pesticides, there are only
small amount of POPs pesticides (chlordane, DDT and heptachlor) of 220 kilogram. Even
though, this amount of POPs pesticide can be considered to be insignificantly low, it is

important to propose an environmentally sound option of POPs pesticides eliminations.
3.1.3 Options to Eliminate POPs Pesticides

POPs pesticides are classed as hazardous waste. Extensive training and sophisticated safety
and handling equipment are needed to deal with these POPs pesticides safely and properly.
In industrialized countries entire industries are built on the removal, transport and disposal
of hazardous waste, whereas in developing countries little expertise and few appropriate
facilities exist for its management. The problem is compounded by inadequate

infrastructure and dispersal facility of POPs pesticide stocks.
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Recently, a preferred disposal method of POPs pesticides is a high technology solution,
such as high temperature incineration. This option available for the destruction of POPs
pesticides in a safe and environmentally acceptable manner is extremely limited and costly

in developing countries with no exception for Thailand.

With the absence of local facilities to destroy pesticides, it is recommended that POPs
pesticides should be repackaged and shipped to Europe for incineration in a dedicated
hazardous waste facility. This route is currently viewed as the only available and viable

option by local technical experts and FAO.

3.1.4 Cost-Benefit Analysis of Options to Eliminate POPs Pesticides

The method of socio-economic analysis of a proposed option for POPs pesticides
elimination is cost-benefit analysis. In order to determine the cost-benefit values, the

following costs and benefits are required to estimate:
e Costs and Benefits of Eliminating POPs Pesticide

There are three main cost components involved in shipping POPs pesticides to eliminate

oversea: repackaging costs, transportation costs, and disposal costs.

Costs of repackaging POPs pesticides before transporting to eliminate oversea and their
transportation costs are tremendously difficult to estimate. The disposal technologies
obviously differ in terms of how POPs pesticides must be handled before and during the
elimination process. One technology may, for example, require that the POPs pesticide is
stored in drums with very specific characteristics in order to be practically handled at the
disposal facility, whereas another technology may be more rugged in terms of requirements
for repackaging of POPs pesticide prior to the treatment.

Transportation costs for POPs pesticides to destruction plants should include the risk

premium that is related to carrying hazardous wastes over great distances either by air or sea.

For the disposal costs, FAO statistics suggested that an average expense of $5,500 per ton
of POPs pesticides is a reasonable figure for disposal costs of POPs pesticides shipped to
eliminate in industrial countries. FAO also mentioned that this could vary depending on a

variety of factors such as location, condition and type of waste and the methods used for its destruction.
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According to the FAO figure of disposal costs, it is estimated that the elimination abroad of
0.22 tons of Thailand POPs pesticides would result in total costs of about 1,210 U.S. dollars.

Suppose the potential benefits from reducing and eliminating the contamination of POPs
pesticides to the environment would stem from the strengthening of agricultural products
and agribusiness in export markets. The value of such environmental comparative
advantages is significant. Increasingly, non-tariff barriers to trade are environmental.
Agricultural products and food doubtfully containing contamination can be blocked from
export markets altogether.

According to Department of Export Promotion, Ministry of Commerce, Thailand exported
the value of 15,319 million U.S. dollars of agricultural products in 2004. Conservatively, it
is estimated by major opinions of international trade economists that for the case of
Thailand, about 0.02% of exported values of agricultural and food products are
discriminated as a result of non-trade barriers. Approximately 3% of those export value

loss resulting from non-trade barriers would be environmental issues.

Consequently, a loss in revenue from international trade of up to 91,914 U.S. dollars for
the agricultural and food-processing sector has been estimated, if we do nothing to remove
these environmental, non-trade barriers. Hence, the benefit of eliminating POPs pesticides
would be 91,914 U.S. dollars.

e Calculation of the Cost-Benefit Value of Eliminating POPs Pesticides

The cost-benefit analysis for a particular option is calculated as the ratio of the incremental
costs to the incremental benefit of that option.

The cost-benefit value is calculated as the ratio of total costs (in monetary term) for the
option (to transport POPs pesticides to destroy oversea) to total benefit (in monetary term)
of that option. The incremental cost-benefit value is viewed in comparison to the base case

(or doing nothing).

If the relevant cost of elimination of POPs pesticides is disposal cost, the calculated cost-
benefit value suggests that the benefit of selecting the option to destroy 0.22 tons of POPs
pesticides oversea is about 76 times outweighed the cost of that option.
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3.2 Polychlorinated Biphenyls (PCBs)

3.2.1 Background

PCBs are a group of synthetic organic chemicals that can cause a number of different
harmful effects. PCBs have no known smell or taste. Because they don’t burn easily and
are good insulating materials, PCBs were used widely as coolants and lubricants in

transformers, capacitors, and other electrical equipments.

PCBs can be released into environment from poorly maintained hazardous waste sites that
contain PCBs; illegal or improper dumping of PCBs wastes, such as old transformer fluids;
and disposal of PCB-containing consumer products into municipal or other landfills not
designed to handle hazardous waste. PCBs may be released into the environment by

burning of some wastes in municipal and industrial incinerators.

3.2.2 Inventory of PCBs

Although PCBs have been totally banned in Thailand since 1975, people can still be
exposed to them. Many older transformers and capacitors may still contain PCBs, and this

equipment are still used and stored.

The major existing PCBs sources are transformers and capacitors imported by the
Electricity Generating Authority of Thailand, the Metropolitan Electricity Authority, and
the Provincial Electricity Authority.

The inventory of PCBs in Thailand conducted in 2004 by NIP/POPs expert team shows
that there are total of 594 transformers and 379 capacitors. These transformers and
capacitors are currently either in operation, in reserve, or in removed from operation but
not destroyed. These transformers contains 488.5 tons of PCB fluids, and capacitors
contain PCB about 20.5 tons. Of the total, there are 534 transformers of over 25 years and
unknown of age with PCB containing of 478.4 tons.

3.2.3 Options to Eliminate PCBs

Thailand has never imported any liquid PCBs. The only concern is an option to eliminate

PCBs in failed transformers and capacitors. Without capacity of environmentally sound
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destruction technologies in Thailand, an economically viable option is to eliminate PCBs in
failed transformers and capacitors by exporting to destroy overseas.

3.2.4 Least-Cost Technology of PCBs Eliminations

By transporting PCBs to eliminate overseas, the strategic selection of PCBs elimination
technologies would rest on the basis of least-cost strategy. According to technology
developed by “ENEKSINT Ltd.”, a Russian firm, the lowest cost of destruction of PCBs-
containing fluids is about 320 U.S. dollars per ton of PCBs, and the lowest cost of thermal
destruction of capacitors with PCBs is approximately 1,000 U.S. dollars per ton. These
costs are at the 2000 price. In calculation of PBCs elimination costs at the current 2004

price, it is adjusted by the inflation factor of 1.0871.

It is estimated that the least-cost technology to eliminate 534 transformers of over 25 years
and unknown of age with PCB containing of 478.4 tons would cost about 166,422 U.S.
dollars, equivalent to 6.7 million Baht, and the least cost for destruction of capacitors with
20.5 tons of PCBs is 22,286 U.S. dollars, equivalent to 891,440 Baht. Hence, the combined
expenses for elimination of PCBs in transformers and capacitors would approximately be
7,600,000 Baht. Suppose that costs of transportation and management from PCBs storage

sites to elimination destination are 30 % of the PCBs destruction expenses.

As a result, this would yield the total minimum costs of 9,880,000 Baht for oversea
eliminations of 478.4 tons of PCBs containing in transformers and 20.5 tons of PCBs

containing in capacitors.

3.3 Dioxins and Furans

3.3.1 Background

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs),
commonly known as dioxins and furans, are toxic substances encountered widely. Very
small concentrations of these may cause adverse environmental and health effects. Dioxins
can be formed as by-products from a number of processes involving combustion where

chlorine is involved. Due to their extraordinary environmental persistence and capacity to
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accumulate in biological tissues, dioxins and furans are therefore subject to reduction and

virtual elimination under the Stockholm Convention.

3.3.2 The Cost-Effectiveness Analysis of Options in Reducing Dioxin

and Furan Emissions

The cost-effect analysis of dioxin and furan reduction options may typically be applied for
each individual of emission sources. However, this study will employ the analysis to only

one major source of dioxin and furan emissions, namely, uncontrolled domestic waste burning.

The effectiveness of an option in reducing the flow of dioxins and furans to the
environment is the decrement in the amount of dioxin and furans released in a standard
time period. The unit for measuring annual effectiveness has been chosen as thousandths of
a gram of dioxins and furans weighted for relative toxicity; that is, mg TEQ per year of

dioxins and furans.

Consequently, the cost-effectiveness ratios calculated in this CEA are expressed in units of
Baht per mg TEQ per year reduced, that is, not emitted to air. A low ratio indicates that

reductions of dioxin emissions can be purchased relatively cheaply.
3.3.3 Major Emission Sources Selected for Cost-Effectiveness Analysis

The 2004 Inventory Development for Sources and Releases of PCDDs/PCDFs Production
and Estimation in Thailand conducted by a technical expert team is used as a starting point

for screening the potential sources of dioxins and furans emissions.

The study of dioxin and furan inventory identified 10 emission sources that estimated the
total release of 286.20 g TEQ per year of dioxins and furans into the atmosphere in 2004.
More than 40% of total dioxin and furan emissions to the air, as shown in Table 3.2, are

from the emission sources of the domestic waste burning.
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Table 3.2: Priority Categories g TEQ/a* (2004) % total (2004)
Uncontrolled Domestic Waste Burning 117.95 41.21
Medical or Hospital Waste Incinerations 38.29 13.38
Crematoria 21.61 7.55
TOTALS 177.85 62.14 %

*Toxic Equivalency in grams released into the air per year

Uncontrolled Domestic Waste Burning

The largest source of dioxin and furan from waste combustion is the uncontrolled burning
of domestic waste. Its dioxin concentration accounted for 41.21% of total dioxin and furan
emissions to air. The estimate of dioxin and furan produced from the burning of domestic
waste is highly uncertain. However, its disaggregated nature (many thousands of fires that
are individually small though collectively large) makes it difficult to target. Nonetheless,
all practicable options for reducing dioxin and furan emissions from the uncontrolled

domestic waste burning should be investigated.

e Options to Reduce Dioxin and Furan Emissions from Uncontrolled Domestic

Waste Burning

Waste minimization, recycling and landfill disposal are all preferable to the uncontrolled
burning of household waste. Since the concentration of dioxin and furan in the combustion
gases from such uncontrolled burning cannot be reduced, the only option preventing

discharges of dioxin to air is to ban the activities of household waste burning.

e Cost-Effectiveness Analysis of Options to Reduce Dioxin and Furan Emissions
from Uncontrolled Domestic Waste Burning

The 2004 study of dioxin and furan inventory found that the amount of 393,178 tons per
year was estimated to be household garbage burning. Accordingly, the estimated annual
dioxin and furan emissions to air were 117.95 g TEQ/annum from uncontrolled household

waste burning.

In calculation of cost effectiveness of a ban on household waste burning, we need to

estimate the additional costs needed to spend in order to reduce 1 (one) g TEQ of dioxin
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and furan discharges to air. This suggests that we need to estimate the cost of taking
393,178 tons of household waste to dispose in landfills instead of burning in backyards.
According to the 2002 Feasibility Study of Municipality Solid Waste Disposal System
submitted to the Pollution Control Department, the average full cost recovery of waste
collection plus landfill disposal would be 3,500 Baht per ton, then the total cost of banning

household to burn wastes is 1,376.12 million Baht.

The cost effectiveness index, therefore, can be calculated by taking ratio of total costs of
option (to ban household waste burning) to the amount of 117.95 g TEQ reduction in
dioxin and furan discharges to air (from household waste burning). This cost-effectiveness

ratio is 11,667 Baht for each milligram of dioxin and furan reduced.

Cost-effectiveness analysis indicates that a ban on open burning of domestic wastes would
be economically efficient, costing around 11,667 Baht for each milligram of dioxin and
furan not discharged. This value of cost effectiveness is relatively low compared to that of
industrial countries. For instance, in the study of an action plan for reducing discharges of
dioxin to air of New Zealand, a ban on waste burning would cost about 40,000 Baht for

each milligram of dioxins and furans reduced.
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4. Limitations of the Study

It is clear that this study is subject to various shortcomings. They are discussed below:

1. The most significant limitation is the lack of data for POPs elimination
technologies, operating conditions and practices in Thailand, resulting in a
heavy reliance on international data. Consequently, cost data as a main source
of conducting the socio-economic analysis are prone to uncertainties, when

applying these international data.

2. The results of the socio-economic analysis are based primarily on a number of
assumptions on activities and processes of POPs destruction option. Relaxing
some assumptions would improve value of the analyses. In addition, the data of
the preliminary POPs inventory conducted in 2004 are a primary source used
for the analysis. When the more detailed information on the inventory of POPs
and a national POPs management plan become available, it would enrich the

results of both cost-benefit and cost-effectiveness analyses.

3. Another limitation relates to the lack of activity data for storage sites of
obsolete POPs pesticides and failed PCB-containing transformers and
capacitors. This lack of data prevents the estimation of transportation cost of

POPs waste elimination in oversea.
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5. Summary and Conclusions

This study describes, outlines and demonstrates the use of socio-economic analysis tools to
a selected option for reductions and elimination of releases of POPs in Thailand. For the
calculation of value of analyses, the twelve listed POPs are divided into three groups: (1)
POPs pesticides, (2) PCBs, and (3) dioxins and furans.

The results obtaining from the socio-economic analysis are:

1. After evaluating all possibilities subject to technological constraints of disposal, the
best option to eliminate POPs pesticides is to ship those POPs to destruct in industrial
countries. The calculated cost-benefit value (based on the best available information)
suggests that the total benefit of selecting the option to destroy POPs pesticides oversea

Is 76 times outweighed its total cost.

2. It is estimated that the least-cost technology to eliminate 534 transformers with PCB
containing of 478.4 tons oversea would cost about 166,422 U.S. dollars, equivalent to
6.7 million Baht, and the least cost for destruction of capacitors with 20.5 tons of PCBs
is 22,286 U.S. dollars, equivalent to 891,440 Baht.

3. More than 40% of total dioxin and furan emissions to the air are from the emission

source of domestic waste burning.

If prohibition of domestic waste burning in the backyard is presumed to be the best
option among alternatives, then, the calculated cost-effectiveness value of the option to
ban household waste burning in order to prevent dioxin and furan discharges to air

would be 11,667 Baht for each milligram of dioxin and furan reduced.

Finally, it is essential to keep in mind that these results of socio-economic assessment are

subject to some limitations mentioned in Section 4.

Socio-Economic Analysis of Persistent Organic Pollutants Use and Alternatives 17



neunaURmA

NIP/POPs Coordination Office

6
dwndilszame NIP/POPs
Pollution Control Department, 92 Phahon Yothin 7, Phayathai, Bangkok 10400 Thailand Tel: (662) 298 2457
nInAIUAaNans 92 B.wwalasw 7 n.nwalaSu nyln nainwy 10400 Tns. (662) 298 2457




	10-1
	10-2



