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Summary 

The waste hierarchy has been a basic principle in worldwide waste management. In Thailand, 

a waste management policy for 2011 has been set up with various purposes: a 30% recycling 

target aims to promote a waste hierarchy concept. A 40% safe residual waste management 

policy proposes the protection of environmental impact and human health. In addition, an 8% 

alternative energy target proposed 102.5 MW energy recovered from municipal solid waste. 

To comply with such policies, the assessment of available infrastructure is essential. In 

addition, due to budget limitations, the priorities of waste management need to be considered.  

To support decision making, three decision support tools are used. The anticipation of 

various waste managements in 2011 as well as an assessment of treatment, disposal and 

secondary material processing infrastructures is performed using material flow analysis 

(MFA). Life cycle assessment (LCA) and full cost accounting (FCA) provide information on 

the potential environmental impact and full costs of the target achievement, respectively. 

These two latter tools are used to prioritize seven waste management options related to waste 

management and alternative energy policies. In this study, the four largest secondary 

materials such as glass, paper, plastic and steel are assessed the effect from future waste 

management. 

  The results show that recyclable waste in municipal boundaries alone cannot fulfil the 

30% recycling target based on the assumption of maintaining the secondary fraction of the 

base case in 2005. The formation of recycling networks in rural areas, therefore, is required. 

In terms of nationwide considerations, a maximum recycling rate of about 42% can be 

proposed based on the available production capacity. The recycling target causes an over-

demand in the glass industry, whilst the remaining three secondary materials can be managed 

by the current infrastructure. The effects of policies on the treatment and disposal 

infrastructures reveal remarkable developments. An alternative achievement of the 30% 

recycling target with biological waste recovery would require about 2.2 Mt of composting 

facility capacity (10-fold increase of the existing capacity). To boost safe residual waste 

management to 40%, an upgrade of 373 engineered and open dumping landfills for the open 

dumping diversion scenario and 107 engineered landfills for both open burning diversion  and 

home composting options are required. With regard to the alternative energy target, three 

anaerobic digestion plants and four incinerators are needed.  

The major source of the environmental impact of waste management in Thailand is 

through the open burning of unspecified waste. As a result, a safe residual waste management 

with open burning diversion reveals the largest reduction of impact potential compared to 
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other policy achievements. The 30% recycling policy reveals marked total expenses compared 

to the other policies. Nevertheless, with regard to the revenue from secondary materials, only 

the recycling policy shows negative net costs. In terms of setting up waste management 

priorities based on impact potential and an economic analysis, the safe management of 

unspecified waste in rural boundaries becomes the most favorable option for future waste 

management in Thailand. In this sense, the waste hierarchy concept is not the most preferable 

waste management form in Thailand where principally non-hygienic waste management, 

open burning in particular, is operated.  

 This study demonstrates a situation using decision support tools based on life cycle 

thinking for municipal solid waste management in a developing country where the limits of 

waste treatment/disposal options and a lack of local databases are clear. To support decision 

making, the development of national information on waste management is essential.   

Keywords: National municipal solid waste policy, secondary materials, decision support 

tools, material flow analysis, life cycle assessment, full cost accounting, infrastructure 

assessment, Thailand 
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Zusammenfassung 

Die Abfallhierarchie ist eines der allgemeinen Grundprinzipien in der Abfallwirtschaft. Thailand 

hat in verschiedenen Politikplänen abfallwirtschaftliche Ziele für 2011 festgelegt:  

• Mit dem 30-% Recyclingziel soll der Abfallhierarchie gefolgt werden. 

•  Das Ziel von mindestens 40 % geordneter Restabfallentsorgung soll die Umwelt und die 

menschliche Gesundheit vor schädlichen Einflüssen schützen.  

• Zudem soll 8 % erneuerbarer Energie aus Siedlungsabfällen erzeugt werden, was einer 

prognostizierten zu installierenden Leistung von 102,5 MW entspricht.  

Um diese Ziele durchsetzen zu können, ist eine Bewertung der vorhandenen Infrastruktur 

unerlässlich.  

das beschränkte Budget muss ebenfall bei einer Prioritätensetzung für das Abfallmanagement 

betrachtet werden. Um Entscheidungen treffen zu können, wurden drei Entscheidung-Tools 

benutzt.  

Die Prognose von verschiedenen Szenarien, die der allgemeinen Thailändischen  Abfallpolitik 

im Jahre 2011 folgen, wie auch die Bewertung der Behandlung, der Ablagerung und der 

Herstellung von Sekundärrohstoffen wurde mit Hilfe der Stoffflussanalyse (SFA) durchgeführt.  

Das Life Cycle Assessment (LCA) und das Full Cost Accounting (FCA) liefern 

Informationen über mögliche Umweltwirkungen und die jeweiligen Gesamtkosten zur 

Zielerreichung. Die genannten Entscheidungs-Tools wurden genutzt, um sieben Szenarien des 

Abfallmanagement und der alternativen Energiepolitik zu proirisieren.  

In dieser Studie werden die vier bedeutendsten  als Sekundärrohstoffe in Frage 

kommenden Fraktionen Glas, Papier, Kunststoffe und Stahl auf ihre Relevanz auf das zukünftige 

Abfallmanagement hin bewertet.  

Die Ergebnisse zeigen, dass, unter der Annahme einer gleichbleibenden Sekundärrohstoffmenge 

bezogen auf das Jahr 2005, die Menge recyclebarer Abfälle allein aus städtischen Regionen nicht 

ausreicht um  das 30 % Recyclingziel im Jahr 2011 zu erreichen. Die Errichtung von 

Recyclingnetzwerken in ländlichen Umgebungen ist daher unabdingbar.  

In Hinblick auf eine landesweite Betrachtung und der vorhanden Verarbeitungskapazitäten für 

sekundäre Rohstoffe könnte eine maximale Recyclingrate von etwa 42 % erreicht werden. 
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Das Recyclingziel verursacht einen zusätzlichen Bedarf an Recycling-Infrastruktur in der 

Glasindustrie, während die Recyclingziele der Eisen-Metall, Papier und  Kunststoffe auch im 

Zielszenario 2011 durch die momentane Infrastruktur abgefangen werden können. 

Der Einfluss der Politik auf die für Behandlung und Ablagerung notwendige Infrastruktur weisen 

noch beachtlichen Entwicklungsbedarf auf. Eine alternative Erreichung des 30 % Recyclingziels 

mit Hilfe der Sammlung von biologischem Abfall würde etwa 2,2 Mt Kompostierkapazitäten 

erfordern, was einer 10-fachen Steigerung der momentanen Kapazität entsprechen würde. Um 

ein den Anteil der geordneten Restabfallentsorgung auf 40 % anzuheben, wäre ein Aufrüstung 

auf 373 technisch fortschrittliche Deponien gegenüber der offenen Ablagerung und 107 

technisch fortschrittliche Deponien für eine Änderung weg vom unkontrollierten Verbrennung 

sowie Eigenkompostierungs-Optionen nötig. In Hinblick auf das alternative Energieziel müssen 

zusätzlich drei anaerobe Vergärungsanlagen und vier Verbrennungsanlagen errichtet werden. 

Den größten Einfluss auf das Abfallmanagment in Thailand hat die unkontrollierte 

Verbrennung von Abfall unbekannter Herkunft. Ein Ergebnis der Untersuchung ist, dass ein 

sicheres Restabfallmanagement, welches eine Änderung weg vom offenen Verbrennen 

beinhaltet, die größte Reduktion des Umweltgefährdungspotentials beinhaltet verglichen mit 

anderen politischen Maßnahmen. Das erreichen des 30 % Recycling-Ziel weist erhebliche 

zusätzliche Kosten verglichen mit den übrigen Zielen auf. Der Blick auf die Erlöse durch 

Sekundär-Rohstoffe zeigt, dass nur die Recyclingstrategien negative netto Kosten aufweisen.  

 In Hinblick auf die Aufstellung von Abfallmanagementprioritäten, unter dem 

Gesichtspunkt von Gefährdungspotenzial und einer Wirtschaftlichkeitsanalyse, ist ein sorgsames 

Abfallmanagement in ländlichen Gegenden die günstigste Option für das zukünftige 

Abfallmanagement in Thailand. In diesem Sinne wäre eine Umsetzung des Abfall- Hierarchie-

Konzeptes nicht die am meisten vorzuziehende Form des Abfallmanagements, wo vornehmlich 

ungeordnetes Abfallmanagement, also unkontrollierte Abfallverbrennung, betrieben wird.  

Diese Studie stellt eine Situation dar, in der Entscheidungsfindungs-Tools, die auf 

Lebenszyklusbetrachtungen basieren, benutzt werden, um Siedlungsabfallwirtschaftliche 

Fragestellungen in einem Entwicklungsland zu untersuchen, in dem die Grenzen von 

Abfallbehandlung- und Entsorgung sowie das Fehlen lokaler Datenbanken als bekannt gelten 

 Um die Entscheidungsträger zu unterstützen, ist die Entwicklung einer nationalen 

Datenbank bezüglich des Abfallmanagementes unabdingbar. 
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 Chapter 1 
 

Introduction 
 
The complexity of waste management systems has been increasing worldwide. Growing 

interrelationships between disposal, recycling activities and production processes result in 

complex networks of waste treatment. For instance, instead of being dumped at landfill, 

household waste can be used either as a source of secondary material or as a source of energy. 

Thus, materials and other components in the waste end up in products, or as secondary or tertiary 

waste transferred to further processing, or are disposed of.  Therefore, raw materials and resource 

aspects are becoming increasingly important in the context of waste management. 

 
1.1 The waste hierarchy  
 
The waste hierarchy is a strategy that ranks waste management options according to their 

environmental benefits (Rasmussen and Vigsø, 2005). This strategy, as presented in Figure 1.1, 

lays down an order of preference for waste operations: prevention, re-use, recycling, other 

recovery operations (including energy recovery) and, as a last resort, safe and environmentally 

sound disposal. The short version of waste hierarchy (reduce, reuse, and recycle) is frequently 

called “3R-policy” (Gertsakis and Lewis, 2003).   

 

  

Most favored option 

Least favored option 

 
Figure 1.1 Waste hierarchy concepts according to the waste framework directive 
                   (2008/98/EC),  
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In Europe, the waste hierarchy has had an influence on waste management since it was 

initially proposed in the waste framework directive (75/442/EEC), published on 15 July 1975. 

The objective of the waste framework directive was to set up a system for the coordinated 

management of waste within the European Community in order to limit waste production. The 

new waste framework directive (2008/98/EC), published on 28 November 2008 also links the 

waste hierarchy to the generation and management of waste, taking into account the life cycle of 

resources. Japan, a sound-material-cycle society through the effective use of resources and 

materials has promoted the 3Rs concept since 2000 (MOE, 2006). Currently, the waste hierarchy 

has become a basic principle for worldwide waste management when seeking to prioritize and 

guide the selection of different waste management options (Tjell, 2005; EAI, 2005). 

With regard to the waste hierarchy concept, the five stage operation shifts from waste 

disposal towards a sustainable material cycle and efficient use of resources. This principle is 

essential in material and resource conservation. The waste from one process becomes the raw 

material for another in continuous closed cycles. For instance, glass waste from household use 

can substitute for raw materials in glass manufacturing. In this sense, the utilization of waste 

materials is able to reduce the primary material being extracted from the earth. As a result, the 

significance of the waste hierarchy apparently relates to increasing material recycling in the 

industrial system.  

Although the shift from waste disposal toward a sustainable material cycle and efficient 

use of resources leads to a reduction in waste generation, the limitation of the waste hierarchy in 

waste management is increasingly apparent. McDougall et al. (2001) indicated that the hierarchy 

does not account for an entire waste management system. Besides, the hierarchy does not 

address the influence of a wide variety of local waste management options, related costs, and 

current available recycling technologies. For example, in the case of non-separated and dirty 

plastic waste it is more efficient to incinerate to recover energy than it is to recycle. In addition, 

the waste hierarchy is not a tool to support decision making. It cannot provide the solution to 

prioritize waste management options or a resolution of environmental impacts from improper 

waste operations. With regard to developing countries where waste management budgets are 

very limited, Brunner and Fellner (2007) suggest that safe disposal rather than the waste 

hierarchy concept, should be the priority in setting up a waste management strategy when life 

cycle thinking is applied. Hence, waste management policy relies on whether a given waste 

hierarchy option or a holistic life cycle approach is challenging for decision making.  
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1.2 Thai municipal solid waste management and related problems 
 
According to an official report by the Pollution Control Department of Thailand, the authority 

responsible for countrywide management of  municipal solid waste (MSW) in Thailand, more 

than 14.3 million tonnes (Mt) of MSW were generated from households, markets, and 

commercial areas in 2005 (PCD, 2005). This number did not include recycled waste which was 

commercially segregated by the private sector before collection. The collected MSW consists of 

three main parts: residual waste, organic waste, and some components of recyclable waste. The 

amount of MSW has risen by 30% during one decade (ONEP, 2005).  

Total recycled waste accounted for 22% of MSW (PCD, 2005). The majority of recycled 

waste was obtained through commercial segregation by the private sector before collection by 

the municipality. The recycling rate, however, has not increased since 2004 due to a limitation in 

the recovery of materials with low value (Figure 2.3). 

After collection, about 0.2 Mt of MSW was treated through either composting or 

anaerobic digestion in 2005. Due to commingled waste input in those biological treatments, the 

residual waste rejected from the process was disposed of along with MSW. There are only two 

disposal options operating in Thailand: landfill and incineration. The majority of MSW disposal 

becomes landfill. Mass burn incineration presently accounts for less than 1% of total MSW.     

About 36% of MSW, mostly collected in Bangkok, the capital city, and other large cities 

and only 5% of the MSW generated in rural areas were managed with engineering controlled 

conditions (PCD, 2006c). The unspecified waste in rural areas was disposed of mostly through 

open burning  and open dumping landfills. 

It should be noted that the amount of MSW generation as reported by the PCD represents 

only MSW collected by municipalities. The actual MSW generation, then, should include 

recycled waste which was separated before collection. In this sense, the actual MSW generation 

results in changing the percent of recycle and the real MSW composition. In addition, this 

number did not include the unknown MSW generation in particular rural areas. The lack of data 

quality and availability leads to problems in obtaining an overview for decision making of waste 

management.  

With influence from Agenda 21 frameworks and 3Rs society initiative, the Thai 

government has set up the Environmental Quality Management Plan (EQM) effective from 

2007-2011 which aims to achieve national sustainable development. The EQM plan provides 

two targets related to waste management (ONEP, 2006). In addition, the Energy ministry 
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established an alternative energy policy using MSW (BOI, 2006). Consequently, there are three 

targets related to national MSW management to be achieved by 2011: 

1. Increase recycling target to 30%  

2. Increase safe residual waste management to 40%   

3. Alternative energy recovery:  102.5 MW alternative energy recovered from MSW    

To execute the recycling target, the waste hierarchy has been implemented as a main 

principle for waste management throughout the country. Various municipal waste recycling 

schemes have been implemented. In terms of the safe disposal target, the cooperation of MSW 

facilities among a group of municipalities has been encouraged. Nevertheless, the alternative 

energy target has not been achieved so far, even though a tax incentive is provided.      

Since a method used to support decision making in Thailand, which can define 

sustainable practices, is rarely implemented, these national targets were set up without 

systematic assessment. As a result, policy making has been one of the most difficult tasks in Thai 

solid waste management (SWM). Most of the studies are focusing on microanalysis within a 

municipal boundary. Furthermore, the environmental effects of secondary material processing 

and the use of waste recovery material, i.e. compost, were not integrated. Currently, the 

evaluation is driven by financial considerations and simply following the waste hierarchy 

concept without assessing environmental, financial or social impact. The relationships among 

minimization of waste disposal, available infrastructure for the use of secondary materials, 

demand for primary and secondary materials, and the impact of policy on waste management 

facilities are not determined. Consequently, macro analysis of SWM becomes more interesting 

for integrated waste management (IWM) in Thailand.  

National waste management policy decision makers therefore, require support tools 

which are able to reflect and achieve both environmental and economical aspects. Furthermore, 

the tools should be able to be appraised based on a scientific method. The tools must allow for 

analyzing the various different SWM processes and attempt to define the best practical strategy. 

Additionally, the whole life cycle concept of waste materials, starting from household waste 

segregation to secondary manufacturing and sinks, must be integrated. 

  
1.3 Assessment tools for decision making in waste management 
 
Decisions are usually performed when two or more alternatives are chosen. To facilitate decision 

making, a decision support tool has been initiated. Currently, there are a number of tools 

available to support decision making in particular environmental system assessment (ESA).  

Typically, the ESA tools are divided into two categories, namely procedural and analytical tools. 
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The procedural tools (e.g. Environmental Management System (EMS)) generally apply to 

procedures and decision making in society and environmental issues. The latter tools (e.g. Life 

Cycle Assessment (LCA)) ordinarily focus on technical aspects. However, the procedural tools 

are often applied in association with the analytical tools (Moberg, 2006).  

It is apparent that waste management is complex and is a combination of several stages in 

the management of the flow of materials within the city, region and nation. To facilitate decision 

making in waste management, several qualitative and quantitative tools exist. Such tools have 

been developed since the late 1960s. Their aim is to help the decision maker in the analysis of 

the technical waste management system, i.e. the analysis of different existing and possible 

technological options to manage the waste, and also to evaluate the economic and environmental 

consequences. In the beginning, the models focused on parts of the waste management system, 

e.g. routing of collection vehicles, location of transfer stations and capacity of treatment plants 

such as incineration and landfilling. The models developed from the beginning of the 1990s up 

to today often include the whole waste management system (Eriksson et al., 2003). 

Due to a lack of a comprehensive policy framework for the whole waste management 

system and a shortage of tools to analyse and improve efficiency, effectiveness and sustainability 

in developing countries, decision making in waste management often fails. A decision support 

tool which provides the assessment of all aspects in the movement or flow of materials from the 

mining stage, via processing, production and consumption stage towards final treatment and 

disposal is therefore essential, as emphasized by van de Klundert and Anschütz (2001). 

Basically, the ESA is applied to support decision making in waste management. The selection of 

the decision support tool is executed depending on the goal of the assessment. For instance, Life 

Cycle Assessment (LCA) relates to environmental implication over the entire life cycle to 

identify optimal options for waste management. 

In addition, waste management information in developing countries is obviously 

deficient. Reliable data of waste collection, transportation, and technologies, are important not 

only to provide adequate information for decision support tools (DSTs) but also to prevent poor 

and crisis-driven decision making. In this sense, an approach of data collection and data 

assessment is increasingly a concern for modelling of waste management system.  
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1.4 Objectives 
 
The goals of the study are to assess, on national level, the effects of a future waste management 

policy on various sectors involved and to suggest methods for evaluation as a decision support.  

 The specific objectives of the studies are:  

a) To show an approach for data collection and assessment required for the  modeling of 

waste management system under the specific conditions of developing countries, 

b) To describe current SWM in Thailand based on waste material flow analysis,  

c) To forecast the influence of the three policy targets on material flows and required 

infrastructure for the processing, treatment and disposal of MSW and secondary 

materials, 

d) To propose waste management priority based on environmental and economic 

evaluation. 

The methodology is intended for the use of policy makers who need to utilize and apply 

such waste management evaluation methods to their own societies. This research is useful for 

prioritizing waste management policies in accordance with a lower degree of environmental 

impact and economic expenditures.  

 This dissertation contains a literature overview on methodologies for a waste 

management evaluation. In the methods section, Chapter 3, a research boundary is described, 

which is a basic principle of assessment. The scope of the evaluation in accordance with the goal 

of study is proposed through selected DSTs. Chapter 4 shows the basic input data for the 

modeling of the national Thai waste management system. Chapter 5 shows the results from 

LCA, and MFA and a FCA for the existing Thai MSW with baseline year of 2005. Seven 

scenarios that were set up illustrate an example of evaluations of future options. In the last part, 

challenges of policy in waste management are discussed by forecasting waste related material 

flows and requirements for the necessary infrastructure. Specific limitations and uncertainties of 

using a model approach are addressed. The thesis closes with research outlooks which could 

develop new research ideas for future work. 
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Chapter 2 
 

Research background   
 

The following section provides the definition of terminologies used in the dissertation and a 

literature review of research subjects relevant to the thesis. Sustainability issues related to 

material flows and waste management are discussed systematically and background information 

on waste management in Thailand is also summarized in this chapter. A brief history of 

assessment methods for waste management is reviewed. It is also necessary to discuss the 

specific methods used in this research, so that tools such as MFA, LCA, FCA are described, and 

details of their theoretical basis are given. MFA provides basic information for the assessment of 

waste flows, whilst LCA and FCA reveal quantitative information of the potential environmental 

impact and full cost of waste management processes respectively. Additionally, a technical 

description of the reprocessing of secondary materials is presented in this chapter. 

 
2.1 Sustainable development and waste management 
 
The growth in the global economy and population leads to an increase in demands on biotic and 

abiotic resources1. This puts a significant pressure on the availability of resources. To prevent the 

shortage of resources, the three different points of intervention in material flows (Figure 2.1), 

resource extraction, production and consumption, and management and final disposal of wastes, 

are of increasing concern. As a result, the term “sustainable development” was developed by the 

World Commission on Environment and Development in 1987. The aim of the World 

Commission was to find practical ways of approaching the environmental and developmental 

problems of the world. Sustainable development addressed as the 7th strategic imperative in the 

Brundtland report mentioned that "Sustainable Development is development that meets the needs 

of the present without compromising the ability of future generations to meet their own needs." 

(UN, 1987). Since then, the idea of three dimensions - environment, society and economy - as the 

core of the sustainability thinking has been developed.  

  In 1992, a global action in sustainable development released the “Agenda 21” at the 

United Nations Conference on Environment and Development in Rio de Janeiro, Brazil (also 

called the Earth summit). Agenda 21 provides guidelines for sustainable development which 

                                                 
1 Resources can be classified on the basis of their origin as biotic and abiotic. Biotic resources are derived from  
   living organisms (e.g. trees). Abiotic resources are derived from the non-living world (e.g., iron ore) (Udo de Haes  
   et al., 2002). 
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each country has to implement. Program areas are closely related to resource conservation and 

environmental protection as follows:  

(a)  Protection of the quality and supply of freshwater resources: application of integrated 

approaches to the development, management and use of water resources; 

(b)  Promoting sustainable human settlement development;  

(c)  Protecting and promoting human health conditions;  

(d)  Changing consumption patterns.  

The European Commission’s Thematic Strategies on the Sustainable Use of Natural 

Resources and on the Prevention and Recycling of Waste (EC, 2005) adopted the concept of life-

cycle thinking to approach sustainable resource management. ‘Life-Cycle Thinking’ refers to the 

development and analysis of product systems (which includes both products and services) by 

looking at the inputs and outputs of materials over the life of the product (Allan, 2008). Instead 

of separately focussing on the early and the final phases of the material cycle as traditional 

environmental policy, life cycle thinking covers all the areas from the extraction of natural 

resources, through their design, manufacture, assembly, marketing, distribution, and use to their 

eventual treatment and disposal of waste (Figure 2.1). In the context of sustainable management, 

maintaining the availability of supplies, ensuring sustainable yields of resources, managing the 

environmental impacts of resource use, and shifting from end of pipe waste management towards 

life cycle waste management are general approaches (EEA, 2005).  

With regard to the sustainable management of solid waste and sewage, Agenda 21 states 

in Chapter 21 that "environmentally sound management of wastes was among the environmental 

issues of major concern in maintaining the quality of the Earth’s environment and especially in 

achieving environmentally sound and sustainable development in all countries” (Agenda 21, 

Paragraph 21.1). Accordingly, four major program areas, as follows, were proposed to attempt to 

provide a comprehensive and environmentally responsive framework for managing waste. 

(a) Minimizing waste generation; this principle aims to stabilize and reduce the 

production of wastes destined for final disposal by formulating goals based on waste 

weight, volume and composition and to induce separation to facilitate waste recycling 

and reuse.   

(b)  Maximizing environmentally sound waste reuse and recycling; this framework 

aims to strengthen and increase national waste reuse and recycling systems. A model 

internal waste reuse and recycling program for waste streams shall be created. 
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Figure 2.1 Material flow accounting in waste management 
Source; Adapted from Sustainable use and management of natural resources (EEA, 2005) 

 

 (c)  Promoting environmentally sound waste disposal and treatment; the objective in 

this area is to treat and safely dispose of an increasing proportion of the generated 

wastes. 

(d)  Extending waste service coverage; Extending and improving waste collection and 

safe disposal services are crucial to gaining control of the health and environmental 

impacts of inadequate waste management. 

The four program areas are interrelated and must therefore be integrated in order to 

change unsustainable patterns of production and consumption. This implies the application of the 

integrated life cycle management concept, which presents a unique opportunity to reconcile 

development with environmental protection (Agenda 21, paragraph 21.4). Consequently, the 

degree of sustainable waste management has a returned influence on the (a) reducing 

environmental impact through the treatment and disposal of waste, (b) reducing mining and its 

impact in the beginning of the life-cycle, (c) conservation of non-renewable resources.  
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2.2 Development of sustainable waste management in Thailand   
 
 2.2.1 Administrative structures for MSW management 
  
Thailand, situated in Southeast Asia, has a territory of 513,120 km2 (NSO, 2006a), which is 

about 1.5 times larger than Germany 2 . The total population of Thailand was 64.8 million 

inhabitants in 2005, which is 79% of the German population at the same time (87.5 Million 

inhabitants in 2005 (FSO, 2007)). The administration is divided into three tiers: central 

administration, provincial administration, and local administration. In tier one, the central 

administration consists of the office of the prime minister, ministries, and departments. These 

organizations are responsible for national policy establishments and implementation. In addition, 

the central administration has a duty to support the expenditure of provincial and local 

administrations through the ministry budget. In tier two, the provincial administration is 

responsible for the administration of local public services as well as for the development of 

special projects that are needed within the provincial territory, for instance, cooperation among 

municipalities for provincial MSW facilities. In tier three, the local administrations are 

responsible for providing and managing local public services in the municipal area (Krueatep, 

2004). The territory and the distribution of population of the 76 Thai provinces are illustrated in 

Figure 2.2.  

Basically, local administrations are categorized into general and specific administrations. 

General administrations are classified into four classes according to inhabitants and population 

density (Table 2.1). Whilst the municipalities are situated in urbanized area, sub-district 

administrations (SDAs) are located in less developed rural communities. Bangkok, the capital 

city, and Pattaya have been established as special administrative areas due to their specific 

requirements, since Bangkok is a rapidly growing urban area, and Pattaya is a sensitive tourist 

area (Krueatep, 2004). Table 2.2 presents the populations of the administrations. There were 29 

% of the total inhabitants living in urban areas, of which the Bangkok area occupies 9%, and 

20% reside in municipal boundaries. 

 

                                                 
2 The German territory is 357,021 km2 (CIA report, 2005). 
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Figure 2.2 Provincial territory and population distribution in Thailand (provinces with  
       more than one million inhabitants are indicated using colors)  
Source: National statistic yearbook 2006 (NSO, 2006a) 

 

Table 2.1 Classification of local administrations in Thailand  
 

Type of administrations  Inhabitants 
per unit 

Population density 
(inhabitants/km2) 

Total number of 
units 

General administrations 
City (or Nakorn) municipalities >50,000 >3,000 23 
Town (or Muanng) municipalities >10,000 >3,000 129 
Township (or Tambon) municipalities <10,000 <3,000 1,124 
Sub-district administrations (SDAs) N/S N/S 6,500 
Specific administration 
Bangkok and Pattaya N/S N/S 2 
N/S: not specified 
Source; Department of local administration (DLA, 2007a), Municipal Act, 1953 (DLA, 2007b) 
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Table 2.2 Distribution of population of Thailand  and collection of residual waste in  
      Thailand (2005) and in Germany  (2005) 
 

Administration Residual waste 
collected  (Mt/y) 

Population  
(Mcap) 

Rate of residual 
waste  management 

(kg/cap.y) 3

Residual waste 
collection efficiency 

(%) 
Germany 4 14.7 82.50 178 100 
Thailand 5 14.9 64.80 6 230 57 
of which     
   Bangkok 3.1 7 5.86 529 99 
   Urban area (municipalities) 5.3 12.31 431 94 
   Rural area (Sub-district 

administrations) 6.5 46.01 141 25 

 
 

2.2.2 General waste management practices  
 

In Thailand, the definition of municipal solid waste (MSW), addressed in the Public Health Act 

B.E. 2535 (A.D.1992), refers to all solid waste generated from any community activities, e.g., 

residential (household), commercial and business areas, fresh market, institutional facilities, and 

construction and demolition sites. Hazardous and infectious wastes are included. The Public 

Health Act directs the responsibility for MSW collection, transportation, treatment and disposal 

to provincial and local administrations (TCC, 2008a).  

In general, curbside collection is performed for MSW collection in Thailand. Special 

waste collection, i.e. e-waste and hazardous waste are not segregated. The mixing of special 

wastes and household waste is adopted. A high efficiency of MSW collection in urban areas can 

be observed. On the other hand, MSW collection in rural areas is not efficient. Therefore, self 

disposal is common practice in rural areas. This refers to unspecified waste which is generally 

disposed of by backyard burning and open dumping. Mostly, collected MSW is directly 

transported to treatment/disposal facilities.  

Only 2% of the collected MSW was treated by composting, anaerobic digestion (AD), 

and thermal treatment in 2005. Thermal treatment includes incineration with energy recovery 

from waste. Most MSW was directed to landfills which are defined as disposal facilities. 

Landfilling can be divided into two categories: controlled landfill and uncontrolled landfill. 

Controlled landfill is used to describe an engineered method. Uncontrolled landfill describes an 

                                                 
3 The data is taken from reported  MSW generation  from PCD’s data which does not include recycled and        
   recovered  waste (available at  http://infofile.pcd.go.th/mgt/Report_Thai2548.pdf)  
4 Number is taken from the residual waste fraction in 2005, from which recycled and recovered waste is excluded  
   (FSO, 2007).    
5 MSW disposed of by Administration  (PCD, 2005) 
6 Thailand  Statistical Yearbook 2006 (NSO, 2006a) 
7 Bangkok state of the environment 2005 (BMA, 2005a) 
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area where the control of environmental impact is not executed. Table 2.3 shows the number of 

landfill sites and mass of MSW subjected to either engineered landfill (controlled conditions) or 

open dumping landfill (uncontrolled conditions) in 2005. Despite only one-fifth of the total 

number of landfill facilities being operated under controlled conditions the mass of MSW being 

disposed of by engineered landfills is approximately two-thirds of total mass disposal. Detailed 

definitions of treatment, disposal, and landfill are presented in Clause 4.2 and 4.3 (Chapter 4).  

Recycled waste was collected by the private sector. Tri-motorcycle waste collectors - the 

largest sector for the collection of recycled waste (67% of total recycled waste collection (PCD 

et al. (2003)) - buy commercially recyclable waste from households. The rest of the recyclable 

wastes are sorted by MSW collection crews during collection, by the sorting lines at treatment 

facilities, and by scavengers at landfill sites. The sorted recyclable waste is directed to primary 

and secondary material recovery shops (MRSs) respectively. 

 

Table 2.3 Number of landfill sites in Thailand (2005) 
 

Disposal facilities (sites) Total handled waste 
quantities (tonnes/d) 

Administration Number of 
landfill Engineered 

Landfill 
Open dumping 

landfill 
Engineered 

Landfill 
Open dumping 

landfill 

Landfilling 
area (km2) 

Bangkok  3 3 0 7,839 0 1.6 
City 24 22 2 2,773 396 6.1 
Town 103 64 39 1,882 1,377 13.0 
Township 836 18 818 944 5,513 492.6 

SDA The information was not specified. 

Total 966 107 859 13,437 7,286 513.3 
Source; Adapted from nationwide survey by PCD (PCD, 2006a)  

 
 
2.2.3 Official data of MSW management  
 
In 2005, the PCD reported a total municipal solid waste (MSW) generation8 of 14.9 

Mtonnes per year (Mt/y). This number is based on a national correspondence survey of the 

responsible local administrations carried out by the PCD in 2005 (PCD, 2006a). In general, local 

administrations derived the MSW generation rate from the summation of the weight record of 

collected MSW. This number omitted sorted recycle waste by the private sector at the household. 

Hence, where the term MSW generation in Thailand is used in the official report, it is changed to 

residual waste generation in this section.  After a significant increase of 32% of the total residual 
                                                 
8 According to the Thai Pollution Control Department report, MSW generation means residual waste collected and  
  disposed under the responsibility of administrations. The recycled and utilized waste is excluded (PCD, 2005).    
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waste generation in the period 1992-1997, the trend of the residual waste generation rate has 

been stable since 1997 (Figure 2.3). Based on the comparison during 2004-2006, a correlation 

between residual waste and waste generation rate can be shown. The decrease of residual waste 

generation, therefore, might be affected by the increase of waste utilization (NSO, 2007; ONEP, 

2004; PCD, 2005; PCD, 2006a).   
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Figure 2.3 Total amount of residual waste generation, waste utilization, and MSW 
                   generation rate in Thailand during 1992-2006  
Source: ONEP (2004), PCD (2005), PCD (2006c)  

 

The amount of residual waste collected and managed in Thailand and Germany are 

indicated in Table 2.2. An average Thai residual waste generation rate of 230 kg/cap.y (2005) 

was 29% higher than the German residual waste in 2005 (178 kg/cap.y). The cause of the 

differences between the German and Thai residual waste generation rates was that most Thai 

residual waste was directly transported to a final disposal rather than hauling to treatment 

processes as operating in Germany.   

MSW recycling and recovery increased by 17% of the actual MSW generation (residual 

waste, MSW recycling and recovery are included) in 2005 (PCD, 2005) compared to a 57% 

MSW recycling and recovery rate in Germany in 2005 (FSO, 2007). To increase the waste 

recycling rate, the local administrations have encouraged people to separate recyclable waste. 

Municipal schemes such as waste banks and waste exchange for valuable materials are 

performed throughout the country. It should be remarked that in the official information 

regarding operation of MSW collection and transportation, for instance, fuel consumption, time 

consumed during collection and transportation activities etc. is not provided. 
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In general, information on waste composition is useful in dealing with waste 

management. In 2004, PCD carried out a survey on the Thai waste composition. The result 

shows that organic waste (the sum of food and garden waste) was the major component, 

followed by plastic and paper (Figure 2.4). The composition of Thai residual waste is different 

than the German residual waste, in particular a higher content of organic waste and lower 

percentage of recyclable materials such as paper. The information was obtained from manual 

segregation of collected MSW performed by over 80% of responsive municipalities throughout 

country (PCD, 2006a). In this context, the official MSW composition as reported by PCD can  
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Figure 2.4  Compositions of residual waste in Thailand (2004) and in Germany (2001) 
Source; Thailand : MSW composition survey in 2004 (PCD, 2006a) and Germany: obtained from Kost (2001) 
 

describe only the composition of residual waste where most recyclable waste has already been 

sorted. Moreover, the simple average composition of collected MSW by dividing the sum of 

each composition with total responsive municipalities was calculated. Therefore, the MSW 

composition is recalculated based on the weight of MSW generated from various municipalities 

by the author (Table B.2, Annex B).  

Table 2.4 shows MSW quantities disposed of in Thailand where landfilling was the 

dominant method. Landfills accounted for 98% of the total waste disposal of which 66% are 

operated under open dumping and open burning conditions, and only 34% operated as controlled 

landfill. Specifically in rural territories a critical waste management problem can be observed 

since only 5% of the disposal of MSW took place under controlled conditions. The full scale of 
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mechanical biological treatment (MBT) and energy recovery from MSW either by landfill gas 

extraction or production and utilization of refuse derived fuel (RDF) did not exist in Thailand.  

Even though half of MSW was organic waste, composting and anaerobic digestion were rarely 

operated.  70% of hazardous waste, 28% of infectious waste and some parts of construction and 

demolition waste (CDW) were disposed of mixed with MSW (ONEP, 2004; PCD,2007)).  

Table 2.4 Disposal and treatment of MSW in Thailand (2005) and Germany (2005) 

Administration Total MSW 
disposal 

and 
treatment 

(Mt/y) 

Controlled 
landfill 
(Mt/y) 

Uncontrolled 
landfill (Mt/y) 

Thermal 
treatment 

(Mt/y) 

MBT    
(Mt/y) 

 

Compost 
(Mt/d) 

Anaerobic 
digestion 

(Mt/d) 

Germany 22.4 3.1 N/A 10.8 0.8 6.9 0.89

Thailand  14.9 4.9 9.7 0.1 N/A 0.2 0.01 
of which        
  Bangkok10 3.1 2.9 0 0 N/A 0.2 N/A 
  Municipal areas 5.3 1.7 3.5 0.1 N/A 0.03 0.01 
  Rural areas  6.5 0.3 6.211 0 N/A N/A N/A 
Note: Based on official information, the uncollected household waste normally generated in rural areas, named 
unspecified waste, is included. 
Source: Thailand state of pollution 2005 (PCD, 2005), Domestic waste management in Germany  (FSO, 2007) 

 

2.2.4 Policies related to MSW management  
 
Thai environmental management has been driven by the Enhancement and Conservation of 

National Environmental Quality Act B.E.2535 (1992). With regard to the act’s requirements, 

Thailand established a guideline for the country’s environmental administration, namely the 

Policy and Prospective Plan for Enhancement and Conservation of National Environmental 

Quality B.E.2540-2559 (1997-2016) (ECNEQ). This policy has been influenced in particular by 

the Agenda 21 framework, and is actually being implemented.  To assure the implementation of 

a sustainable development concept, the Ministry of Natural Resource and Environment 

(MONRE), the responsible authority according to the ECNEQ policy, formulated the national 

plan named Environmental Quality Management Plan (EQM) which covered a 5 year period 

(Raksasataya, 2006). The previous EQM plan, which was effective during 2002-2006, unveiled 

an inefficient administration. For example, the targets and related indicators were not addressed. 

The plan did not contain clear responsibilities. Besides, procedures to fulfill the plan were not 

defined (ONEP, 2004). Nevertheless, the performance of MSW management in 2005 

unexpectedly showed efficiency according to the Agenda 21 criteria regarding “minimizing 

                                                 
9 10% of total collected organic waste (Bilitewski and Dornack, 2006) 
10 Bangkok State of the Environment 2005 (BMA, 2005a) 
11 Unspecified waste: disposal with open burning was assumed 
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waste”, “promoting environmentally sound waste disposal and treatment”, and “extended waste 

coverage”, while the target for “environmentally sound waste reuse and recycling” still requires 

attention. Currently, a new EQM plan effective from 2007-2011 is being implemented. The plan 

provides a quantitative target for waste management in 2011. Table 2.5 presents the summary of 

Agenda 21 and Thai policy related to MSW management (ONEP, 2006). 

 In terms of energy policy, National Energy Policy Council set up Thailand’s Energy 

Policy and Development Plan (EPD) aiming to develop sustainable energy consumption. The 

policy, approved by Ministry of Energy (MOE) in November 2006 (BOI, 2006), provides a short 

term plan (during 2007-2011) promoting the use of alternative energy i.e. biogas, waste to 

energy, wind etc. The EPD targets the increase of alternative energy from 0.5% of total energy  

consumption in 2003 to 8% of total energy consumption in 2011 (6,936 ktoe) (Table 2.6). To 

encourage investors, MOE, the responsible authority, has implemented a number of incentives 

such as tax reduction and additional compensation payments. With regard to energy policy 

related to waste management, waste-to-energy (WTE) derived from organic waste and MSW is 

targeted. It can be anticipated that the policy will result in the construction of a number of new 

incinerators and anaerobic digestion (AD) plants until 2011.  

 

2.3 Methods for assessment of waste management 
 
Since the late 1960s, MSW and the environmental consequences associated with its management 

have received increasing attention worldwide (Eriksson et al., 2003; EPIC/CSR, 2004). With the 

growing complexity of waste management, the selection of the best alternative becomes a more 

difficult task. Consequently, system analyses combined with mathematic modeling have been 

developed. Regardless of the potential environmental impact, conventional models apparently 

focus on economic optimization (Everett et al., 1996a and 1996b). Since then, IWM planning has 

increased attention to environmental impact, and material and energy recovery. Recently, the 

emphasis on both socio-economic and environmental factors became apparent (El-Fadel and 

Abou Najm, 2002).  



Table 2.5 Agenda 21 framework in waste management compared with Thai Environmental Quality Management Plan  and current Thai  
                 waste management 

 
Waste-related program 

areas  
Agenda 21 framework Environmental Quality 

Management Plan      
(2007-2011) 

Environmental Quality 
Management Plan      

(2002-2006) 

Current Thai waste 
management (2005) 12

Minimizing wastes  The targets of waste minimization are to have the 
waste reduction scheme, waste segregation system 
for reuse and recycling in every community across 
the country and to minimize the average MW 
generation rate. 

By the year 2011, MSW 
generation rate shall be less 
than 1 kg/cap.d.  

MSW generation rate 0.77 
kg/cap.d 

Maximizing 
environmentally sound 
waste reuse and 
recycling 

By the year 2000, in all industrialized countries, and 
by the year 2010, in all developing countries, are to 
have a national program including the targets for 
efficient waste reuse and recycling.  

By the year 2011, at least 
30% of MSW has been 
efficiency reuse and 
recycling  

17% MSW recycling and 
recovery rate (including 
uncollected rural MSW) 

Promoting 
environmentally sound 
waste disposal and 
treatment 

By the year 1995, in industrialized countries, and by 
the year 2005, in developing countries, are to ensure 
that at least 50 % of all sewage, waste waters and 
solid wastes are treated or disposed of in conformity 
with national or international environmental and 
health quality guidelines. By the year 2025, disposal 
of all sewage, waste waters and solid wastes in 
conformity with national or international 
environmental quality guidelines. 

By the year 2011, at least 
40% of generated MSW is 
processed under hygienic 
conditions.                                
By the year 2011, hazardous 
MSW facilities have been 
established at least 1 site per 
region and at least 30% of 
hazardous MW is disposed of  
under hygienic conditions.       

45% MSW managed with 
controlled landfill, 
composting, incineration and 
anaerobic digestion. 

A hazardous MSW facility 
has not been established. 30 
% of hazardous waste was 
disposed of properly. 

Extending waste service 
coverage 

By the year 2025, all urban populations are to be 
provided with adequate waste services. 
By the year 2025, full urban waste service coverage 
is to be maintained and sanitation coverage achieved 
in all rural areas.  

Not addressed in the plan 

Waste management was 
neither specifically 

indicated nor addressed as a 
target in the plan. 

96% MSW collection in 
urban areas (Bangkok and 
municipal boundaries)  25% 
MSW collection in rural 
areas.            

Source; ONEP, 2004; ONEP, 2006; and Agenda 21 Chapter 21 Environmentally sound management of solid waste and sewage-related issues (UN) 13 

                                                 
12 Only MSW and recycled waste calculated; construction and demolition waste, sewage sludge and night soil excluded. 
13 Reference from Division of sustainable development, UN Available at http://www.un.org/esa/sustdev/documents/agenda21/english/agenda21chapter21.htm
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Table 2.6 Energy target in Thailand in 2011  
 

Electricity Heat Fuel Total Energy types 
MW ktoe ktoe ML/d ktoe ktoe 

Materials 

Renewable 
energy 

3,246 1,034 3,851 7 2,078 6,963  

Consisting of        
  Ethanol - - - 3 820 820 Cassava, tapioca, sugar cane 

and molasses 
  Biodiesel - - - 4 1,058 1,058 Palm oil 
  Biomass 2,800 940 3,660 - - 4,608 
        

Bagasse, rice husk, waste 
wood, bark, black liquor and  

   MSW 2.514      MSW (organic waste) 
   Incineration   100 45 - - - 45 MSW 
   Biogas 30 14 186 - - 18 Small scale producer from 

cattle and pig farm, food 
manufacturing 

 Hydro power 156 18 - - - 200 Water 
 Wind energy 115 13 - - - 13 Wind 
  Solar energy 45 4 5 - - 9 Solar 
 Source; National Energy Plan Approved 6th November B.E. 2549 (C.E. 2006) cited in BOI (2006)15   
 

Studies such as El-Fadel et al. (1999) ; Fabbricino (2001) ; D’Antonio et al., (2002); El-

Fadal et al. (2002a) and (2002b) show how tools for calculation, like linear programming, 

dynamic programming, computer based programming and multi-criteria assessment which 

integrates a variety of aspects to be weighted and scored - have been implemented in a decision 

making process. 

Currently, a large number of assessment methods as shown in Table 2.7 have been 

developed to support decision making in waste management. Typically, the assessments tools are 

divided into two categories, namely procedural and analytical tools. The procedural tools (e.g. 

Environmental Management System (EMS)) generally apply to procedures and decision 

circumstances in society and the environment. The latter tools (e.g. LCA) ordinarily focus on 

technical aspects. However, procedural tools in association with analytical tools are frequently 

applied (Moberg, 2006).  

The application of the tools depends on the objects of the investigation e.g. organization 

or company, material or substance, and types of impact investigated. Table 2.8 provides selection 

criteria related to the objects of investigation and types of impact considered as suggested by 

Finnveden et al. (2007). According to this suggestion, the combination of MFA and Energy 

analysis models initially focus on economic optimization (Everett et al., 1996a and 1996b). Since 

then, IWM planning has increased attention to environmental impact, and material and energy 

recovery. Substance flow analysis (SFA) and LCA are essential to aspects of environmental 
                                                 
14 Grid connected 1 MW 
15 Available at http://www.boi.go.th/english/why/BOI-Brochure-Energy1.pdf  
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impact (Finnveden et al., 2007). Brunner and Rechberger (2004) suggested the application of 

Material Flow Analysis (MFA) as the best starting point to integrate with other support tools.  

 
2.4 Material Flow Analysis (MFA) 
 
The MFA is a scientific method consisting of counting, interpreting, and describing the 

metabolism processes. By means of MFA, “good and substance turnover and their stock or 

changes in an exactly defined system can be describe both qualitative and quantitative within a 

given time period” (Fehringer et al., 2004). The results allow for identifying the most important 

good sources, sinks, and transfers as well as for their hierarchical weighting according to their 

importance. This methodology has been developed since the 17th century. In the 1970s, MFA 

was introduced to investigate urban management. Nowadays, the methodology has been applied 

to a variety of sectors or processes among others waste management (Fehringer et al., 2004).  

Frequently used terms of MFA, derived from Brunner and Rechberger (2004) and 

Ferringer et al. (2004), are defined in this section. The terms ‘substance’ and ‘good’ are 

commonly used to determine the fate of material in a system. The distinction between these two 

terms is that substance is a chemical element (e.g. carbon, nitrogen) or compound (e.g. 

ammonium, carbon dioxide), whereas good consists of several substances or is a mixture of 

substances. A good can have positive value (e.g. drinking water, fuel) or negative value (e.g. 

waste water, solid waste). In the context of MFA, the term “material” can serve as an umbrella 

term for both substance and good. In this context, carbon (substance) as well as wood (good) can 

be addressed by the MFA definition of a material. 

The MFA manual – a guideline for the use of MFA for MSW management (Fehringer et 

al. (2004)) defines process as the transportation, transform, storage, and change in value of 

materials in a system. The process stands for “transportation, transformation, storage and change 

of value of substances and goods”. It can be an “activity (e.g. incineration), a service (e.g. waste 

collection), a facilities (e.g. composting plant) or an environmental medium (e.g. atmosphere)” 

(Fehringer et al. (2004)). The storage of materials in a process is defined as the stock. Sinks (e.g. 

landfill) are compartments where goods and substances have long residence times. Sinks can be 

divided into intermediate and final sinks. An intermediate sink is a place where materials stay 

with a residence time of weeks to years, such as the sediment in a sewage system, the soil 

surrounding a house, etc. A final sink is defined as a place on the planet where a certain material 

has a residence time of > 10,000 years. Materials in final sinks can be looked at 

as“environmentally safe” materials because they do not pose any risk to the environment. 
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Table 2.7 Overview of the assessment tools for integrated waste management (IWM) 
 

Tools Description Application References 
Procedural tools  
Environmental 

impact 
assessment 

(EIA) 

EIA is a tool for analysis of environmental impact of projects where location 
is known. The social and economic aspects, as well as natural resource 
depletion are often integrated. The comparison of alternative site locations 
also applies. Normally, EIA approval is required in many countries for waste 
facilities permission. 

Hostovsky (2006), 

Strategic 
environmental 

assessment 
(SEA) 

Unlike EIA, SEA is intended for use in the early stages of strategic planning 
and policy making. Therefore, a site specific location is unknown. 
Nevertheless, the evaluation aspects are similar to EIA. Since the guideline 
is being developed, the application in waste management is limited.  

Salhofer et al. (2005) 

Environmental 
management 

system (EMS) 

EMS including environmental audit is standardized in ISO 14001. In 
general, EMS is applied for facilities or organizations i.e. landfill, 
municipalities. Environmental impact and resource consumption through 
operation are usually periodically being assessed. 

Rodríguez et al. (2006) 

Analytical tools 
Material flow 

analysis (MFA) 
The idea is to analyze an input flow of material or substance and trace the 
output and stock. Substance flow analysis (SFA) which focuses on a specific 
substance is also a type of MFA. This method is often applied for the 
assessment of MSW flows through the complex waste management  

Rechberger (2001), Matyus et al. 
(2003), Loeschau and Rotter 
(2005), Hartleib et al. (2005)  

Energy analysis 
(EnA) 

Since energy can be gained and consumed from the waste industry, there are 
several studies that connect waste and energy flows. All energy 
consumptions throughout the waste treatment processes as well as secondary 
material processing are typically appraised.  

Dacombe et al. (2004), ERM 
(2006) 

Material-
intensity per 
service-unit 

(MIPS) 

MIPS, based on a life cycle perspective, determines the total mass flow per 
service unit, i.e. a production of 1 kg copper of material intensity cause by 
production, consumption, waste recycle. The tool is applied to assess 
dematerialization of input materials which are categorized into abiotic and 
biotic materials, soil, water, air and electricity.  
 

Ritthoff et al. (2002), MIPS 
(www.mips-online.info) 
 

Cost benefit 
analysis (CBA) 

An evaluation of the costs and benefits of a project is harmonized with an 
environmental economy. All environmental impacts are transposed to a 
monetary system. Despite the fact that an establishment of waste project 
typically applied, CBA can be broadly approached at the national level. 
 

Philips et al. (2000), Doberl 
(2002), Vigso (2004), Eshet et al. 
(2005) 

Life cycle 
assessment 

(LCA) 

LCA is applied to assess environmental impact and natural resource use for 
the life cycle of a product and service system. Like EMS, the standardization 
has been developed by the International organization for standardization 
(ISO, 1997)). There are a lot of case studies where LCA has been applied to 
IWM. 

Finneveden and Ekvall, (1998), 
Xu et al. (2000), Barlez et al. 
(2004), Gentil et al. (2005), 
Aoustin et al. (2005), Kirkerby et 
al. (2005) 

Life cycle 
costing (LCC) 

LCC is used to assess cost of product or service based on life cycle thinking. 
Unlike CBA, LCC excludes external costs, for instance, the impact of 
pollution on society. 

Hasome et al. (2001), El-Fadel 
and Abou Najm (2002), Tsilemou 
and Panagiotakopoulos (2006) 

Environmental 
management 
accounting 

(EMA)  

Initially used in business sector, EMA (it is also called full cost accounting-
FCA in the USA) recently has been applied in worldwide government. 
Despite similar concepts of life cycle perspective as LCC, a budget 
allocation with a simple straight-line depreciation in EMA is performed 
instead of finding the maximum net saving in LCC. EMA takes into account 
all expenditure, overhead, equipment and maintenance, and past and future 
outlay of MSW management.   

US EPA (1997), El Fadel (2002) 

Risk assessment 
(RA) 

The aim is to define target values and acceptable risks. The assessment is 
distinctively defined into chemical substances and accidents. Chemical risk 
assessment; the effect of nature, size, magnitude and duration of exposure is 
analyzed i.e. potential toxic risk of fly ash management. Accident risk 
assessment; unplanned incidents, i.e. it concerns fire and explosions. The 
probability of accident is combined. Environmental aspects may be 
integrated.    

Twardowska and    Szczepanska 
(2002) 

Source; US.EPA (1997), OECD (2000), Brunner and Rechberger (2004), and  Finnveden et al. (2007) 
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Table 2.8 Application of assessment tools in relation to the objects assessed and type of  
                 impact considered 
 

Type of impact 
Type of object Resources Environmental 

aspects 
Environmental and 

economic aspects 
Economic aspects 

Projects MFA and EnA EIA CBA,CEA Investment analysis 
Policy, plan, program MFA and EnA SEA Impact assessment Impact assessment 
Organization 
(company, 
municipality) 

MFA and EnA EMS with 
environmental 

audits 

 System models of 
waste management or 

energy systems 
Product/Service MFA and EnA, 

MFA and MIPS 
LCA LCC LCC 

Chemical substance MFA and EnA SFA,RA   
Source; Finnveden et al. (2007) 
 
Materials in intermediate sinks require interval inspection because they (in particular 

biogeochemical processes) are able to mobilize and are possibly harmful to environment: water, 

air, soil, and the biosphere (living organisms) (Brunner and Baccini, 1992). 

Like MFA, SFA determines an inventory and balance of selected substances in a defined 

regional frame. SFA is commonly applied to analyze systems. For example, SFA is applied to 

determine the accumulation of heavy metals in agricultural soil caused by the application of 

sewage sludge. SFA can not be performed without knowledge of the concentration of the 

substance in a good. Therefore, the balance of good and substance flows is essential. 

2.4.1 MFA methodology 
 
Brunner and Rechberger (2004) suggested a stepwise methodology as shown in Figure 2.5. As a 

first step, the goal and objectives of analysis are defined. The system boundary, then, is chosen 

in terms of space and time. Secondly, the impact potential of the relevant material or substance 

can be defined by volume-based and impact-based indicators. The volume-based indicators 

normally relate to resources, for instance, analysis of water consumption, energy requirements, 

and material depletion. The impact-based indicators regard to quantitative measurement of 

potential toxic substances, for example, accumulation of the selected heavy metal in 

environmental compartments. Most of the impact based indicators relate to substance emission 

i.e. evaluation of the potential carbon flows to the atmosphere from human activities (OECD, 

2000). Thirdly, the balance of input, output and stock of materials are calculated throughout the 

processes. Finally, the result is presented and interpreted. In general, the MFA starts with rough 

estimations and then, in an iterative procedure, the system is determined until the required 

precision of estimates has been achieved. 
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Figure 2.5 Procedures in MFA 
Source; Adapted from Brunner and Rechberger (2004)   

 

The balance of goods and/or substances through the process with respect to the inputs, i 

and outputs, j are described in Equation 2.1. The stock is defined as material accumulation in the 

process. MFA is generally used to determine the resources as well as the pollution of a particular 

process.  

 i    j 
   ∑   Input i  =  ∑ Output j + Δ Stock    (2.1) 

            n=1              n=1 
 

For many processes, linear transfer coefficients can be used to describe the partitioning of 

a substance in a process. The transfer coefficient (k i, j ) gives the percentage of the total 

throughput of a substance, i that is transferred into a specific output good, j (Equation 2.2) 

(Brunner and Rechberger, 2004). Figure 2.6 depicts an example of calculating transfer 
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coefficients (Figure 2.6 (b)) on the basis of mass flows (Figure 2.6 (a)) in a municipal 

composting process.  

 
   k i, j    = Product, j    (2.2) 
       i    

∑ Input, i 
                n=1 

where k i, j   = transfer coefficient 

i  = number of input flows  

            j  = number of output (products) flows 

 
If the stock remains constant, then   
   
    j 

∑   k i, j    =   1     (2.3) 

             n=1 

 

2.4.2 MFA application 
 
MFA is an appropriate tool to follow substances from a natural resource via mining, extraction, 

and manufacturing, to consumption and disposal in the environment. Based on the mass 

conservation principle, shortfalls or missing flows along substance pathways can be indentified 

and the needed final sinks can be assessed (Brunner, 2004). 

 

 
Figure 2.6  Transfer coefficient of input material into five different output products  
Source; Calculation based on data of a brochure and interview of On-nuch composting plant, Bangkok,  
              Thailand 
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The principal tasks of using MFA are to assess 

1. sustainable waste material flows including the identification of the final sinks within 

       that system and  

2. sustainable use of resources.  

For assessing sustainability of waste material flows, it is relevant to analyze material and 

substance flows in the entire system until the final sinks, which includes not only waste 

treatment and disposal but also recycling processes and subsequent manufacturing of secondary 

materials. In order to evaluate waste material flows through the defined subsystem of waste 

management (i.e. incineration, landfill), MFA is essential to visualize information. The result can 

be used to identify recycling potentials and the final sinks, predict emission from waste treatment 

and disposal facilities, and examine the effects of selected technologies or implemented 

legislation etc. 

For the assessment of a sustainable resource use, waste management is a part of the entire 

material management. Materials enter the economy as extracted raw materials and leave as 

waste. Analyzing the entire life cycle of material and goods in relation to waste management 

helps identify an optimal management of resources (Figure 2.1) for a global, national, regional, 

or otherwise defined spatial system. This result is important for legislative implementation of 

policy targets.  

 
2.4.2.1 Case studies of MFA application regarding sustainable waste material  
             flows   

     
Various studies in the field of SWM were carried out based on MFA. Brunner and Mönch (1986) 

determined the transfer of metals and non-metals of municipal waste incineration to slag, to 

electrostatic precipitator (ESP) dust, and to flue gas. The flows of substances were determined 

based on the composition of municipal waste. The investigation is essential to understand the 

physical-chemical process taking place in an incinerator. Brunner and Baccini (1992) applied 

MFA to anticipate the critical loading on the environment: water, air, and soil in Switzerland. 

The material fluxes through the region were measured and estimated. The results showed that the 

regional material balances were a powerful tool for setting priorities in waste management by 

identifying important material quantities and qualities.  

Everett and Modak (1996a and 1996b) developed a model for regional waste 

management systems with a combination of MFA and operational cost analysis. A diverse set of 

waste treatment networks was set up: three communities, two transfer stations, one materials 
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recovery facility (MRF), four landfills, and one compost facilities. The result indicated that the 

developed MFA model had the ability to optimize waste flow and operational cost. 

  A similar concept was designed for analysis of the optimal waste distribution in the 

Northern region of Lebanon (El-Fadal and Abou Najm, 2002). The economic cost and the 

potential hazardous substances were also taken into consideration, as well as various treatment 

options on the basis of mass flow. 

D’ Antonio et al. (2002) developed an integrated waste management system based on the 

MFA for the appraisal of SWM in the Campania Regional Administration (Italy). The 

examination of waste material flow through individual waste management units was applied in 

association with a mathematical model. Finally, various scenarios were determined to optimize 

the capacity of solid waste management facilities.  

In addition, Loeschau and Rotter  (2005a and 2005b) applied MFA and SFA with a 

Microsoft Excel-based model to review the interrelation of energy and material balances of   

waste management facilities. The accumulation of waste materials, transport distances, and 

resource demand of waste treatment activities were determined. The distribution of the toxic 

substances i.e. Cadmium, Lead and Mercury, from the original waste materials to secondary 

materials in waste recovery manufacturing and sinks were analyzed. 

The capability of a waste management policy for prediction is also attractive for policy 

making in waste management.  Sonoma County, California, USA (SCS, 2000), developed a 

prediction for a waste management plan from 2015 to 2050. The review of infrastructures 

according to treatment/disposal capacity, disposal, energy target and recycling target was 

performed to ensure the availability of future waste management. The forecast of waste quantity 

and waste flow were employed based on MFA.  

Döberl  et al. (2002) presented the combination of  MFA and CBA to support an 

evaluation of an Austrian national waste management policy. The result showed that thermal 

treatment was superior to Mechanical biological treatment (MBT) if long term effects were taken 

into account.  

 
2.4.2.2 Case studies of MFA application regarding sustainable use of resources  

 
The application of MFA is not limited only to waste management analysis but also can be 

extended to assess the potentials and strategies for a sustainable use of resource on a regional or 

national basis. In 1997, Canada developed the Canadian System of Environmental and Resource 

Accounts (CSERA) to structure the relation of material and energy flow to economic activities. 
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The MFA was applied to present national material and energy flows relative to the flows of 

natural resource and waste (OECD, 2000). In the USA and other countries, as shown in Table 

2.9, the aggregated national material flow accounting has been standardized to estimate input in 

the economic system through socio-economic activities and output from the economic system 

back to the environment in terms of waste and emissions. For example, the World Resource 

Institute (WRI) has developed a pilot US- MFA database which covers more than 160 primary 

inputs and 100 outputs. The accounts have the ability to reveal opportunities for efficient use of 

national resources (Wernick and Irwin, 2005).  

A government can use MFA to set goals and track the effectiveness of its policy execution. For 

example, Dehoust et al. (2006) advised the Federal Environment Ministry of Germany regarding 

the evaluation of an intermediate stage under the umbrella of developing a closed cycle and 

waste management policy towards a sustainable substance flow and resources policy which has 

been in effect since 2002. This research is based on a material and substance flow analysis and is 

aiming at establishing priorities, forecasting trends, and giving policy advice for sustainable 

strategies in terms of energy and raw material productivity. The study covered material flow 

accounting through society i.e. iron ore, fossil resources, mineral resources and biomass.  

Material volume and value and material consumption and import on national consumption  were 

used as indicators for selection of materials.    

 
Table 2.9  Framework of national material flow accounting  systems 
 

Organization / 
Institution 

Materials covered Types of input and 
output data 

Scope Data collection 
method 

World resource 
institute (WRI) 

160 commodities 
initially 

Production, uses, 
imports, exports and 
output across the life 
cycle 

U.S. economy, U.S. 
environment 

Government and 
trade association 
databases 

EUROSTAT 
(European Union 
Statistical Agency) 

Aggregated and 
waste flows depends 
on different nations 

Aggregated inputs 
and assorted wastes 

National economies 
and EU15 

National statistical 
offices, third-party 
research institutes 

Center of Global 
Environmental 
Research, Japan 

Major raw material 
trade categories 

International trade 
focus 

Japanese trade UN trade dataset 

Green Account, 
Denmark 

Substances used in 
listed industrial 
activities 

Amount used in 
production of 
products or released 
as waste 

Facility, Company Companies engaged 
in listed activities 
required to submit 
report to government 
agency 

Product register, 
Sweden 

Flow card of 200 
high-volume 
chemicals 

Import, exports and 
production amounts 
going into consumer 
use categories 

Company reports 
aggregated at 
national level 

Company data, 
reported on custom 
forms 

Source; WRI (Wernick and Irwin, 2005)    
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MFA is essential for the assessment of the substitution potential of primary materials 

through secondary manufacturing. Dacombe et al. (2004) used MFA to evaluate the alternatives 

for processing domestic and commercial waste in Southampton, UK. The research boundary 

covered all processes in waste management including secondary material manufacturing. The 

model, based on a life cycle thinking concept, was used to appraise varieties of waste treatment 

options with a variety of different recycling rates. The energy demand and credit from the 

substitution of recycled materials such as glass, paper, plastic, metal and organic fractions were 

determined. The results showed that the energy footprint model of waste management was able 

to be used as an indicator for sustainable assessment.  

 
2.5 Life Cycle Assessment (LCA) 
 
The LCA, defined by ISO14040, is “a compilation and evaluation of the inputs, outputs and 

environmental impacts of a product system throughout its life cycle” (ISO, 1997). In the 

definition of MFA, the term “product” includes not only product systems but also service 

systems. LCA is a method for analyzing the environmental intervention and potential impact 

throughout product life from material acquisition through production, use and disposal. This 

approach was initiated from chemical engineering industries in the early 1990s. LCA was 

developed as a method to account for the environmental impact associated with a product or a 

service. Nowadays, LCA is one of the most accepted methods applied for evaluating 

environmental aspects and potential impact starting from cradle (discarded materials from 

households) to grave (final disposal, substitution of raw materials)  through human activities 

such as the waste management processes (Finnveden, 1999).   

2.5.1 LCA methodology 
 

The Society of Environmental Toxicity and Chemistry (SETAC), a co-operative organization of 

the European and North American Scientific Academies, was the first organization initiating a 

harmonization of LCA methodology which was later technically grouped by the International 

Organization for Standardization (ISO).  

According to the ISO 14040, four phases of a framework of an LCA can be distinguished 

(Figure 2.7). The first step, the goal and scope, defines the purpose and extent of the study and 

its functional unit of the service or product considered. The functional unit is an important basis 

in the comparison of different systems. The inventory, the second phase of LCA, refers to data 

collection, calculation and analysis of inputs in the system and related emissions. Additional 

inventory data on upstream and downstream processes are processed to inventory the 
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environmental burden and resource uses per functional unit over the entire life cycle. The third 

procedure, life cycle impact assessment (LCIA), is aimed at quantifying of emission related 

impacts according to the life cycle inventory (LCI). 
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Figure 2.7   LCA framework according to ISO 14040    
Source;   ISO (1997) 

 

The LCIA framework consists of mandatory elements and optional elements (Figure 2.8). 

As mandatory elements, the LCI results should be converted into impact categories. The optional 

elements such as normalization, grouping, and weighting are data analysis techniques. 

Eventually, the interpretation, the fourth phase, is to review all stages according to the study. The 

result and their interpretation might lead to an adjustment of the goal and scope or to a further 

investigation of the inventory and associated impacts. The qualitative issues such as the 

sensitivity of the result should be analyzed in this stage (Udo de Haes et al., 2002).   

 
2.5.2 LCA in integrated waste management 

 
The method is not only applied in the production sector but has also become an increasingly 

standard practice in the management of solid waste (Xu et al., 2000). LCA is currently used to 

evaluate different strategies for integrated solid waste management and to evaluate treatment 

options for specific waste fractions (Finneveden et al, 2000). Computer-based models and data 

bases were established in order to facilitate the calculation for repeating waste management 

process units (Bjorklund, 2000).  
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Figure 2.8 Elements of Life cycle impact assessment (LCIA) phase 
Source; ISO 14042 (ISO, 1997) 
 

Figure 2.9 visualizes a system boundary of the LCA of waste management compared to 

the LCA of product. The developed LCA models, as in Table 2.10, were released in Europe and 

North America and have been currently widely used in worldwide waste management analysis. 

The applications of LCA have shown the capability to improve the decision making process and 

to develop a long term IWM strategy (Xu et al., 2000; Vidal et al., 2001; Rodríguez-Iglesias et 

al., 2003; Barlez et. al., 2004; Xara et al., 2005; Christensen et al., 2006a and 2006b). 

Raw materials extraction
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 Boundary of 
product  
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A 
Product P r o d u c t s

 

Figure 2.9 System boundaries for LCA products and waste management   
Source; Europen (1999) 
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Table 2.10 Compilation of LCA models in waste management  

 
Model Developer  Description 
IWM2  Procter & Gamble, 

UK 
 The first published specific LCA model for solid waste management (IWM1 in 

1995), based on LCI application, is user friendly but is not flexible in all 
respects. 

 The nine different waste treatment processes are implemented in terms of MRF, 
Sorting, Incineration, RDF, Landfill 

ORWARE Swedish Royal 
Institute of 

Technology, 
Sweden  

 The original model specifically focuses on organic waste and uses a 
combination of LCA and substance flow analysis (SFA) to translate the result 
into an environmental impact.    

 The model is very flexible but is difficult to use. 
 The LCI/LCIA approach model handles anaerobic digestion, composting, 

landfilling, incineration, thermal gasification, sewage water treatment and 
transports.     

ISWM:DST US EPA, NCSU16, 
RTI17, USA  

 The complexity and flexibility of the LCI model are used to calculate emission, 
energy and cost.  

 The specific SWM model provides various options of collection, transfer 
station, MRF, composting, landfilling, and  incineration.  

EPIC/CSR ISWM EPIC18/CSR19, 
Canada  

 The specific SWM model focuses on the major components of residential waste 
and reviews them in terms of waste management options including recycling, 
land application, energy recovery, and landfilling.    

ARES Technical 
University 
Darmstadt, 
Germany  

 Available only in a German version 
 The general LCI/LCIA program analyzes the following waste treatment options; 

Thermal treatment, Mechanical and biological treatment, Landfill and 
Recycling.  

LCA-IWM Technical 
University 
Darmstadt, 
Germany 

 The LCI/LCIA model proposes a specific assessment tool for IWM strategies in 
rapid growing economies cities and countries in Europe. 

 The model provides a large LCI data base for EU member states and new 
member states. The credits from recovery of secondary materials are included. 
E-waste recycling is also integrated. 

UMBERTO IFEU20, IFU21, 
Germany 

 The general LCI/LCIA model is built for the purposes of comparison products 
or services based on the material flow methodology. 

 The database is taken from standard processes such as energy production, waste 
management, transportation, production of raw materials.    

WISARD Ecobilan (now 
Price Waterhouse 

Coopers), 
France 

 WISARD, specific model for SWM, allows modeling alternative waste 
management systems including landfilling, incineration, sorting and recycling, 
composting and anaerobic digestion. 

 The LCI/LCIA approach model is user friendly but has been criticized for lack 
of transparency, clearly defined system boundaries and easily interpreted 
results.  

SIMAPRO PRé Consultants, 
The Netherlands 

 The most widely used general LCA software provides a tool for analysis and a 
monitor of environmental performance of products and services.  

 The LCI/LCIA model is widely used in waste management.  
 The model is flexible and provides a number of LCI databases and impact 

assessment methods. 
WRATE Environment 

Agency,  UK   
 The LCA/LCIA approach provides a specific model for waste management.   
 User defines up to 10 waste streams and 15 functional components. 

EASEWASTE Technical 
University of 

Denmark, 
Denmark 

 The user can define the necessary data for waste composition, collection, 
treatment, waste recovery, disposal and inventory data for materials and energy.  

 The LCI/LCIA approach provides a specific model for waste management. The 
model is user friendly and flexible. 

 The model covers the substitution of commercial fertilizer from compost on 
land use and remanufacturing of recyclable materials. 

Source; Bjarnadóttir et al. (2002), EPIC/CSR  (2004), Winkler (2004), Gentil et al. (2005), Kirkeby et al. (2006a) 

                                                 
16 North Carolina State University 
17 Research Triangle Institute 
18 Environment and Plastics Industry Council 
19 Corporations Supporting Recycling 
20 Institut für Energie und Unweltforschnung Heidelberg GmbH (Institute for Energy and Environmental Research) 
21 Institut für Umweltinformatik Hamburg GmbH (Institute for Environmental Computing) 
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2.5.3 EASEWASTE  
 
EASEWASTE, an acronym for “Environmental Assessment of Solid Waste Systems and 

Technologies”, is the LCA software specifically for the assessment of SWM related activities. 

The software is developed by the Institute of Environment & Resources at the Technical 

University of Denmark (DTU). The conventional LCA approach (ISO14040) using process 

analysis from the point of waste generation to final disposal is used for the analysis (Kirkerby, 

2005). The program application is divided into three parts: 

 Waste generation: The amount and composition of waste are defined. 

 Waste collection: The source separation and efficiency as well as fuel consumption are 

defined. 

 Waste treatment, recovery and disposal: All waste processing and recovery processes are 

defined according to desired technologies and treatment methods. The waste is analyzed 

from treatment facilities to final disposal or material recovery.  

In contrast to the other available LCA models, the program has the ability to appraise a 

detailed sub-model for the end of the waste management system: landfilling, use-on-land, 

material recycling and utilization (Christensen et al., 2007). The contribution of a waste 

management system to air emission, surface and ground water contamination, soil, as well as 

resource depletion are considered.  

For the inventory, Environmental Design of Industrial Products (EDIP) databases 22  

provide information of materials and processes relating to the uses of resources and outlets to the 

environment. The model is developed with a database including all treatment, recovery and 

disposal options, as well as external processes that can occur either upstream or downstream of a  

solid waste management system. The user sets up a model of the solid waste management system 

by choosing types of source separation, collection methods and treatment, recovery and disposal 

technologies for the collected waste, and all arising residues. The changeable default data are 

mainly derived from Europe (Kirkeby, 2006a). 

For the impact assessment in EASEWASTE, the user can select two methodologies either 

Eco-indicator95 or the EDIP method. These two methods provide various impact categories. For 

example, the EDIP methodology considers global warming potential, stratospheric ozone 

depletion, photochemical ozone formation, acidification, nutrient enrichment, ecotoxicity and 

human toxicity. Furthermore, the model has introduced two additional impact categories: Spoiled 

Groundwater Resources and Stored Toxocity (Christensen et al., 2007). The Eco-indicator95 

                                                 
22 The EDIP database will be continuously updated by LCA Center Denmark http://www.lca-center.dk
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provides pesticide, ozone depletion, ionizing radiation, global warming, acidification, heavy metals, 

carcinogenic substances, eutrification, winter smog, and photochemical oxidants. 

Table 2.11 presents a description of EDIP impact categories. The EDIP method provides 

the results in four levels: life cycle inventory (LCI), potential impact characterization, 

normalized potential impact characterization and weighted potential impact characterization. The 

normalization (Equation 2.4) can compare the different impact categories in a common reference 

unit of person-equivalents (PE). In addition, the result can be examined according to political 

goals as Equation 2.5 where the politically targeted level of impact (normalized impact potential) 

is used as normalization reference, representing the probable future environmental impact. The 

weighted results become equivalent to normalization with the targeted person equivalent (PET) 

rather than the actual PE (Stranddorf et al., 2005b). Table 2.12 shows the updated EDIP 

normalization reference and weighting factor in local, regional and global references.    

Normalized impact potential (PE) =      Potential impact categories (unit)      (2.4) 
                   Normalization references (unit/cap/y) 

 
 
Targeted impact potential (PET) = Weighting factor x Normalized impact potential  (2.5) 

 
 
Table 2.11   Impact categories based on EDIP method 
 
Impact categories Descriptions 

Global warming 
potential (GWP) 

To contribute the GWP substances (e.g. CO2, CH4, N2O, CFC’s, HCFC’s, HFC’s and several 
halogenated hydrocarbons etc.) which are absorbing infrared radiation or degraded into CO2, the 
GWP is expressed as CO2-equivalents, (CO2-eq.). 

Stratospheric ozone 
depletion 

The potential depletion of stratospheric ozone (SOD) is quantified by normalizing the amount 
ozone depleting substances (e.g. CFCs, HCFCs, CCl4, CCl3CH3) to the same effect like CFCs. 
Due to the largest effect on ozone depletion, CFC-11-equivalent (CFC-11-eq) has been chosen as 
a reference substance in the EDIP method.  

Photochemical 
ozone formation 

Photochemical ozone formation potential (POF) is generally presented as a relative value of the 
amount of ozone produced from certain volatile organic carbons (VOCs). Owing to being one of 
the most potent ozone precursors of all VOCs, ethene (C2H4) has been chosen as a reference gas. 

Acidification Having the same effect as SO2 regarding acidification, the substances (e.g. NOx, SOx, and NH3) 
are used to quantify the acidification potential (AC).The AC potential is expressed as SO2-
equivalents (SO2-eq). 

Nutrient enrichment The nutrient enrichment potential (NE) is defined as the man-made impact on aquatic or terrestrial 
systems of nitrogen, N, or phosphorus, P. The total nutrient enrichment potential expresses the 
emissions as an equivalent emission of the reference substance NO3

-. 
Human toxicity The human toxicity potential (HT) is expressed as the volume of all emissions of substances 

potentially affecting human health.  In EDIP, the HTs of all kinds of substances (e.g. heavy 
metals, VOC, chlorinated organic compounds, POP, PM10, NOx, and SOx) are aggregated to three 
media values-critical volume of air (m3 air/g substance), water (m3 water/g substance), and soil (m3 

soil/g substance). Toxic equivalence factors (TEQ) for a number of substances are used.  
Ecotoxicity The ecotoxicity potential (ET) effects are expressed as a critical volume of certain media (aquatic 

and terrestrial environments) required to absorb a specific emission. The ETs of all kinds of 
substances (e.g. organotin compounds, metals, POP, and pesticides) are aggregated to three media 
values- acute toxicity of water (m3 water/g substance), chronic toxicity of water (m3 water/g 
substance), and chronic toxicity of soil (m3 soil/g substance). The summations of a number of ET 
substances are used. 

Source; Environmental Development of Industrial Products (EDIP) methodology (Stranddorf et al., 2005a) 
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EASEWASTE is used to assess waste management systems in various studies including 

comparison of technologies: incineration and AD, assessment of material fractions, and 

comparison of models for specific application i.e. processed organic MSW to arable land 

(Kirkeby et al., 2005; Kirkeby et al., 2006b; Christensen et al, 2006b).  Nevertheless, the 

utilization of the program in the different conditions from a European groundwork requires 

careful examination for different environmental and operational conditions.   

 
Table 2.12   EDIP methodology in forms of normalization references and weighting factors 
 

Normalization references Weighting factors Impact 
categories 

Unit (per 
cap/y) Original 

EDIP97 
Global EU-15 Denmark Original 

EDIP97 
Global EU-15 Denmark 

Climate change Tonne 
CO2 -eq 

8.7 8.7 8.7 8.7 1.3 1.12 1.02 1.11 

Stratospheric 
ozone depletion 

Kg CFC-
11-eq 

0.2 0.103 0.103 0.103 23 6.3/4.4 2.46 ∞ 

Photochemical 
ozone formation 

Kg C2H4 20 22 25 20 1.20 1.00 1.33 1.26 

Acidification Kg SO2-eq 124 59 74 101 1.3 N/C 1.27 1.34 
Nutrient 
enrichment 

Kg NO-
3 298 95 119 260 1.2 N/C 1.22 1.31 

Human toxicity 
via air 

m3 Air 9.18E+9 4.27E+10 6.09E+10 5.56E+10 1.1 N/C 1.4 1.42 

Human toxicity 
via water 

m3 Water 5.90E+4 4.18E+4 5.22E+4 1.79E+5 2.9 N/C 1.3 1.02 

Human toxicity 
via soil 

m3 Soil 3.10E+2 1.02E+2 1.27E+2 1.57E+2 2.7 N/C 1.3 1.02 

Ecotoxicity in 
water, acute 

m3 Water 4.80E+4 2.33E+4 2.91E+4 7.91E+5 2.6 N/C 1.23 1.73 

Ecotoxicity in 
water, chronic 

m3 Water 4.70E+5 2.82E+5 3.52E+5 7.40E+4 2.6 N/C 1.11 1.67 

Ecotoxicity in 
soil, chronic 

m3 Soil 3.00E+4 7.71E+5 9.64E+5 6.56E+5 1.9 N/C 1.18 1.56 

N/C: Non capable, European weighting factors are recommended for impact potentials located outside Europe or at 
unknown locality where weighting factors have not been established. 

      : Industrialized countries/ Developing countries 
Source; Environmental Protection Agency, Dannish Ministry of Environment (Stranddorf et al., 2005b) 
 

2.6 Environmental Management Accounting (EMA) and Full Cost Accounting (FCA) 
 

Environmental management accounting (EMA) is a method to simplify environmental 

accounting, with a particular focus on costs related to wasted raw materials and other 

environmental issues (UN, 2001). An increasing pressure on environmental performance as well  

as the continual increase in the costs of raw materials, waste management, and regulatory 

compliance drives the worldwide implementation of EMA. This method, initially used in 

business applications, is referred to as Full Cost Accounting (FCA) in the USA. It has been used 
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to plan, evaluate, select, and integrate the most cost-effective options in MSW management in 

many city governments (DESA, 2003). 

FCA is a systematic method to identify, sum, and report the actual costs of waste 

management services to communities. In addition to the obvious and direct costs of MSW 

management, FCA includes “upfront”, “operating”, “back end”, “hidden”, “share cost”, and 

“overhead” costs related to services for solid waste programs. Moreover, FCA considers the 

complete life cycle of MSW services from “cradle” (planning and administration of facilities) 

through to “grave” (closure and after-care of MSW facilities) (GFOA, 2000). 

Historically, many local governments have budgeted and planned the management of 

MSW on a cash flow basis. This conventional accounting system records only outlays (an 

amount of money spent for a particular purpose) when cash is actually paid for goods and 

services. The cash flow accounting has often distorted the entire perception of economic analysis 

in waste management. For instance, current cash flow does not reflect the construction of a 

landfill which was installed a long time ago and does not account for hidden cost of landfill 

remediation or closure and post closure. Hence, as of 1997, the United States Environmental 

Protection Agency (US.EPA), encouraged local governments to report MSW management to 

citizens based on a FCA concept (US.EPA, 1997).    

To compile the FCA, four sources of information (Figure 2.10) provide the needed basic 

data. (1) The descriptive information includes all steps of the MSW program and related material 

flows. The MSW flow chart, historic data, and future planning are helpful for a description of the 

current MSW management system. (2) The inventory of physical assets such as facility, 

equipment, and human resources serves as a basis for the depreciation of investment costs and 

identifying operating costs. (3) The total overhead cost can be obtained from an organizational 

review. To ensure that all overhead costs are included, all supporting MSW activities is 

integrated. (4) In addition, the financial records and reports are essential for cost determination. 

Communication with the persons responsible might be necessary to clarify the outlays (DEP, 

1997). 

  The definition of cost is a distinction between FCA and cash flow accounting. The cost 

in cash flow accounting is defined as an expenditure of cash to acquire a resource that will be 

used in MSW operations for a period of more than one year. For FCA, the cash outlays (past, 

present, and future) are allocated over the period of the life time of the process and are converted 

into annual costs. The cash outlays can be divided into three categories: (1) routine cash outlays, 

(2) capital cash outlays, and (3) future cash outlays (DEP, 1997). 

 35



The routine cash outlays are equivalent to the “operating costs” of those activities. The 

operating costs represent the costs incurred to acquire resources that are used over a relatively 

short period of time (generally, less than one year) and routinely required to support ongoing 

operations. Examples of operating costs include outlays for wages and benefits, maintenance of 

equipment etc. The routine cash outlays generally come from the shared budget and overhead. 

For instance, an administration department spends only 5% of total overhead budget related to 

waste management. Thus, the exact routine cash outlays allocated are only a 5% portion of these 

overhead costs to the waste management program. Even though there are some activities or 

resources related to waste management that appear to be free i.e. free labour working for 

construction of a waste treatment plant, this hidden cost should be valued in routine cash outlays. 

 

 
Figure 2.10 Full Cost Accounting (FCA) Procedures 
Source; Adapted from US EPA (1997) 
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The capital outlay is an outlay of cash made to acquire a resource that will be used in 

MSW operations for more than one year. Examples of capital outlays for MSW management 

include the purchase price of collection vehicles and other equipment, as well as cash outlays 

made for the siting and construction of MSW facilities, such as landfills or transfer stations. 

Depreciation is used to convert capital outlay to an annual cost using a simple “straight-line” 

method (Equation 2.6). The capital cost is depreciated by dividing by the number of years of 

service life time. If the asset has been 100% depreciated and has remained in service, the 

depreciation of this asset should not be recorded (DEP, 1997).  

 

Annual cost depreciation =            Total cost      (2.6) 
    Total life time (year) 

 

A future outlay is an anticipated expenditure of cash in the future that is obligated by 

current or prior activities, for example, the obligation to perform closure and long-term care of a 

landfill. The established accounting technique of “amortization” is a method to convert future 

outlays into annual costs (Equation 2.7). In general usage, “amortization” refers to any process of 

liquidating, or allocating, a debt over time, as in the amortization schedule for a mortgage. Thus, 

the amortization of future outlays for closure and long-term care of a landfill recognizes the costs 

of those future obligations during the active life of the facility (DEP, 1997). 

 

Annual future outlays =Current estimated cost of future outlay - amounts previously amortized
                Expected number of years until funds will be required        (2.7) 

 

The benefit of FCA is that local governments can use it to gain a more thorough 

understanding of what MSW management operations actually cost. Moreover, an understanding 

of  the cost of different activities can support decision making relating to various waste 

management options. Eventually, the advantages of FCA can foster an improvement in planning, 

management, information, and cost-saving goals for IWM (USAID, 2004).    

In the USA, many states apply FCA to assist in managerial decision-making. In Broward 

County, Florida, the Office of Integrated Waste Management used FCA to develop a strategy for 

closing an existing landfill and to plan a new integrated waste management system. In Columbia-

Missouri, Glendale-Arizona, Indianapolis-Indiana, Virginia State, and San Diego State,  FCA 

was applied to develop user fees, for example, for landfill tipping or waste collection, that would 

provide sufficient revenue to cover service costs (US.EPA, 1998).  The Ministry for the 
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Environment (MFE), New Zealand, also implements FCA for the landfill planning, development, 

operation, closure and post closure care (MFE, 2002).   

FCA can enlarge to cover externalities of SWM processes or activities as well as total 

direct cost as proposed by US.EPA. This method, called CBA (cost benefit analysis), is 

advantageous for policy making since the monetary integration of externalities and direct costs 

are accounted for.  

The externalities can be categorized into positive or negative costs. Positive externality 

improves the welfare of the affected party while negative externality reduces the welfare of the 

affected party. In SWM, most external costs are negative. An example of negative externality is 

air pollution from unmanaged dumpsites that could bring about health problems to the 

neighbouring community.  Three types of negative externalities are (1) environmental impact 

costs, (2) social impact costs, and (3) health impact costs.  

The environmental costs of SWM activities are primarily in the form of pollution and 

resource degradation, for instance, loss of the use of agriculture land, and contamination of 

groundwater. Social impacts are determined from the point of view of the individual, the 

immediate community and the larger public. The assessment of social impacts must consider the 

number of people affected. Examples of social impacts are reduction of public safety along the 

MSW collection route and the visual impact of the SWM activities, etc. Health impacts include 

both the effects of particular SWM practices/activities on humans and animals within the 

influence area of a waste management facility. Respiratory diseases, cancer, and infections from 

direct contact with contaminated materials are examples of health impacts. 

Nevertheless, due to uncertainty in the environmental impact assessment, and lack of 

monetary valuation of external effects, CBA is not always carried out in the process of policy-

making. This has particularly been the case in the waste management sector (EC, 2000)   

 
2.7 Case studies for an integrated assessment of SWM in Thailand 
 
Like other developing countries, an integrated assessment of SWM in Thailand has been rarely 

carried out. Plubcharoensuk et al. (2008) used MFA to analyze Thai industrial waste 

management. Further application of MFA for SWM in Thailand has not been reported. Basically, 

the economical analysis for SWM is performed for assessment of investment in construction 

bidding of waste management facilities rather than for the purpose of decision making.   

In 2005, the Office of Natural Resources and Environment Policy and Planning (ONEP) 

applied multi criteria to prioritize management of MSW. The eleven criteria, such as waste 

quantity, technology, potential secondary material production, potential market for secondary 
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material, simple segregation, requirement of newly issued regulation, environmental benefit of 

recycling processes, comparison of recycling material and primary material production, toxicity, 

social interest and several technologies for handling were weighted and scored. The highest 

summation was the first waste component to be tackled. Nevertheless, there were queries 

regarding the method for evaluation. For instance, the weighting and scoring for each criterion is 

not transparent and barely science based. The environmental impact and life cycle thinking were 

not integrated. Furthermore, the outcome is subjective according to the evaluator. As a result, 

paper waste was selected to be among the first three waste fractions for waste management 

priority in accordance with glass and plastic, even though paper waste was ranked lower than 

food waste. ONEP asserted that paper waste was superior to food waste in collection and 

handling (ONEP, 2005). 

A few years ago, the LCA was for the first time applied to evaluate options for MSW 

treatment in Thailand by Chaya and Gheewala (2006). Since then, several studies based on LCA 

application have been implemented (Wanichpongpan and Gheewala, 2007;  Liamsanguan and 

Gheewala, 2008;  Noksa-Nga et al., 2008;  Kaewboran et al., 2008). All of them used LCA to 

assess waste treatment and disposal options at the micro level (municipality, landfill, 

incineration, and AD). The macro level (national consideration) has never been analyzed.    

 

2.8 Reprocessing of secondary materials   
 
In the material life cycle SWM has the task to separate materials in order to achieve 

requirements that the manufacturing industry can use in their processes. For the assessment of 

the substitution potential and definition of quality requirements for processed secondary 

materials, knowledge about the basic manufacturing processes is necessary. Hence, the 

reprocessing of the four largest secondary materials such as glass, paper, plastic, and steel, is 

described in this section.   

 
 2.8.1 Glass 
 
Several types of glass products such as container glass, flat glass and cathode ray tubes (CRT) 

from TV monitors enter the waste stream. Container glass is the largest sector of the EU glass 

industry representing more than 60% of total glass production in Europe23. On the one hand, the 

Federation of German Glass Industry (Bundesverbandes Glasindustrie e.V.-BGV)24  reported 

                                                 
23 Committee of European glass industries (CPIV) available at  http://www.cpivglass.be/about/about.html   
24 http://www.glasaktuell.de
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that approximately 70-75% of waste glass in Germany is principally used in the glass container 

industries.  

Glass can be 100% recycled without losing quality (BGC, 2004; BMU, 2006b). The input 

of recycled glass (cullet) can lower the temperature needed for melting virgin (raw) materials 

and enhance glass melting (McDougall et al., 2001). Such characteristics are attractive not only 

for the economy but also for resource conservation. As a result, the European directive on 

packaging and packaging waste is driving glass processors to use more recycled glass in place of 

virgin raw materials (Remade, 2004). 

 Glass recycling begins with the collection of either source separated glass or 

commingled recycled waste.  Owing to the unchangeable color of glass in the production 

process, the color sorting of clear, green (including blue), and brown (amber) glass is necessary. 

Otherwise, the mixed cullet is only used in the green furnace25. Table 2.13 presents an example 

of limited color impurities allowance for 50% cullet recycling in glass production. The 

requirements dominate the color sorting of glass recycled materials either at the source of 

generation or cullet preprocessor. At material recovery facility (MRF) or the preprocessor before 

hauling to glass manufacturers, the collected glass is crushed into 3/8-3/4 inch pieces (cullets). 

The contaminants such as ceramics, metal caps, drinking glasses, light bulbs, and window glass 

are removed using hand picking, magnets, air separation, and optical sorting. These impurities 

can discolor the glass, pass unmelted fraction through the furnace and cause a defect in the final 

glass product; additionally, the lining of the furnace can be damaged.  

 
Table 2.13 The requirement of color glass production with 50% cullet 
 

Glass color Color purity requirements 
Clear color glass 99.7% 
Brown color glass 95% 
Green color glass 90% 

Source: Zeiger (2005) 
 

Figure 2.1 illustrates production processes of glass container manufacturing. The raw 

materials- silica (SiO2), sodium carbonate26 (Na2CO3), and calcium carbonate27 (CaCO3)- are 

required at the ratio presented in Table H.1.1 (Annex H). The sodium carbonate makes silica 

melt at a lower temperature, and calcium carbonate increases the strength of the glass. In terms 

                                                 
25 Glass recycling counts, British Glass Manufacturers Confederation (BGC)  available at  
     http://www.britglass.org.uk/Files/Recycling/GlassRecCounts.pdf     
26 Also called soda ash 
27 Also called limestone 
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of color and physical properties, additives (Table H.1.2, Annex H) are added to the mixture. 

During the melting process the mixture is heated up to 1600 oC (Figure 2.11). The high 

temperature in the furnace is the main energy consumption in glass plants, accounting for around 

60% of the total plant energy demanded. After melting, the liquid glass is pressed into a mold to 

form containers. Compressed air is injected into the containers to shape the opening within. 

Eventually, an annealing oven cools down the containers. The cooled containers are sampled and 

tested before dispatching to the customer. 

 
Figure 2.11 Glass manufacturing process 
Source: UK glass manufacture; A mass balance study (BGC, 2004) 

 
In order to recycle glass, the cullet can be obtained from both internal and external 

sources. The cullet arising within the factory from off-specification product refers to internal 

sources. Typically, the internal source is about 10% of the output.  The input of external sources 

is dependent upon the level of contamination. Pretreatment is required in cullet preprocessors 

(Figure 2.12). A cullet portion of over 90% (internal and external cullet) in a furnace operation 

has been reported (BGC, 2004). In the melting process, the clean cullet is mixed with raw 

materials and fed into the furnace. Without any interference to product quality, the products from 

recycled glass have the same characteristic as those made from virgin materials.     

 

 
 
 
Figure 2.12 Cullet processing  in Thailand, 2007 
Source: Gaew Grung Thai Co., Ltd., Thailand28

                                                 
28 Interview Managing Director  of the largest cullet processors in Thailand 
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2.8.2 Paper 
 
Paper is the third largest fraction in the MSW of Germany and Thailand (Figure 2.3). Apart from 

the occupation of waste collection trucks and the airspace of landfills, deforestation due to paper 

production is a major concern. The large portion of paper waste, thus, has been diverted from the 

landfill to the paper industry. Consequently, the global trade of recovered paper represented 

almost half of the 340 Mt paper and cardboard production in 2003. In Europe, the European 

Declaration on Paper Recovery, a voluntary agreement between the European paper chains29 

launched on 9th November 2000, showed  54.6%  recycling rate in 2005 compared to 38.8% in 

1990 (CEPI, 2006). In 2010, Europe set a new target of the paper recycling rate at 60% (ERPC, 

2007). The new goal seems to be challenging since spoiled paper and board (no longer enough to 

reproduce) accounts for 20% of total paper and board consumption (CEPI, 2003). 

  Primary paper production (Figure 2.13) begins with pulping where the cellulose fibers are 

separated from the bonding material in wood. The pulping process can be divided into two main 

methods: mechanical and chemical pulping. Mechanical pulping aims to obtain a high yield of 

pulp product30 rather than a high quality of pulp. The chemical method employs chemicals, i.e. 

sulfate, to dissolve the cellulose fibers with a minimum of degradation. By retaining most of its 

strength, the high quality paper gains from the fiber (kraft pulp) of the chemical method. The 

bleaching process removes impurities from the pulp and enhances the brightness of the paper. 

The brightness can be improved with chlorine or other chemicals (Vest, 2000).   

With regard to waste paper reprocessing, pretreatment and de-fibering are required in 

pulping. Fiber shrinkage and damage is approximately 5% to 25% depending on the quality and 

cleanliness of waste paper. De-inking processes, either floatation or washing methods, are 

normally applied to remove a maximum of 70% of the ink and prevent a brownish or grayish 

color. Other impurities in waste paper pulps i.e. string wires, metal pieces etc. are removed. To 

enhance the brightness of waste paper pulp, bleaching is a further step (Vest, 2000). 

The mixture of virgin paper pulp and waste paper pulp from the bleaching process is 

transformed into paper or board through the paper making process. The pulp slurry (1% pulp and 

99% water) is dewatered to about 20% solid content in the paper forming process. Thereafter, the 

fiber is pressed and another 20% of the water is removed. In the drying process, the fiber is 

                                                 
29 The signatories between  the Confederation of European Paper Industries (CEPI), the European Recovery Paper  
    Association (ERPA), and the European Federation of Corrugated Board Manufacturers (FEFCO) aimed to 
    increase the paper recycling rate in Europe and improve the environmental performance of the paper industry. 
30 Also called wood pulp 

 42



bonded and dried to about 90-95% solid. Eventually, two rolls press the sheet to reduce thickness 

and increase uniformity. 

 

 
 
Figure 2.13 Paper production and waste paper reprocessing 
Source: Vest (2000) 
 
    Waste paper tends to be only suitable for lower grades of paper. The longer fibers are 

shortened, losing flexibility and bonding ability each time the paper is recycled (Pichtel, 2005). 

In addition, the hierarchy of recycled paper grades (Figure 2.14) provides the order of 

downcycling with regard to recovered paper usage. For instance, using old paper and board 

packaging would, for technical reasons, be not possible for production of graphic paper. Only 

secondary graphic paper can be used to produce all paper production categories (CEPI, 2003). 

To maintain fiber strength, the virgin fibers must still be added at greater levels in the higher 

hierarchy.   

Municipal waste paper is separately collected and is transported to preprocessing 

facilities. Since the paper and board are recovered in different grades (EN 64331), segregation 

and pre-cleaning at paper preprocessors (MRFs) is required. Thereafter, the sorted (based on de-

inking quality) paper and cardboard are hauled to a paper and board factory respectively.  

                                                 
31 The European List of Standard Grades of Recovered Paper and Board (EN643) divides recovered paper into 5  
     grades: ordinary grade, medium grade, high grade, kraft grade, and mixed grade. In general, recovered paper  
     from  municipal waste is classified in special grade (mixed recovered paper and board).  
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Figure 2.14 Hierarchy of recycled paper grade  
Source: CEPI (1999) 
 
 
 2.8.3 Plastic  

 
Plastics are polymers (also called resins) that have been synthesized from petroleum or natural 

gas. Monomers, small molecules of chemical composition, are typically reacted to form long 

chains called polymers. Each polymer has specific properties to meet consumer requirements. 

The properties are determined by the way monomers are linked, their molecular weight, and the 

type of molecules. Plastic polymers are generally divided into two main categories: 

thermoplastics and thermosets (Annex H.3.1 and H.3.2). The difference is that thermoplastics 

can be softened and eventually melted when heat is applied, whereas thermoset polymers cannot 

be melted and reformed.  Thus, this characteristic allows thermoplastic materials to be reclaimed 

and recycled. The reformation is one reason that thermoplastics comprise 80% of plastic 

production (Garrain et al., 2007). Compared with thermoplastics, the cross-linking of the 

molecules makes thermosets, however, generally harder, more rigid and more brittle. Moreover, 

the mechanical properties of thermosets are not sensitive to heat and organic solvents (Curlee 

and Das, 1991).  

With regard to processing resins into end products, thermoplastics are usually processed 

into the form of pallet.  Additives may be used to improve physical, colorant, and processing 

properties. The resins and additives are mixed and melted with heat or pressure. The melted 

resins can be extruded through a die, pressed into a mold, or foamed by introducing gas. After 
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cooling, the resins are formed into a rigid product. On the other hand, thermosets are often 

shifted through the process in liquid form. The thermosetting polymers are fabricated in molds 

using pressure and heat. The curing process, setting polymers into a mold, causes the cross-

linking reaction 32  that creates the permanent rigidity in a desired plastic product. The 

applications of thermoplastics and thermosets products are provided in Table H.3.1 (Annex H). 

The major end uses of plastics were packaging and construction (PlasticEurope, 2007). 

After consumption, plastic can be recycled without any damaging properties. Plastic 

recycling, however, is difficult because of the different characteristics in each type of plastic i.e. 

melting point, tensile strength, etc. Therefore, plastic recycling typically requires separation 

according to resin types, possible production methods, and colors (Pichtel, 2005). To support 

identification of plastic recycling, the Society of the Plastic Industry (SPI) initiated a labeling 

system for seven major types of plastics in 1988 based on the high volume of plastic used (Table 

2.14). This system has now been widely adopted worldwide (McDougall et al., 2001). 

 
Table 2.14 Categories of plastic numbering system and product 
 

Label Plastic types Sample of product 

 

Polyethylene terephthalate Fizzy drink bottles and oven-ready meal trays. 

 

High-density polyethylene  Bottles for milk and washing-up liquids. 

 

Polyvinyl chloride  

 

Food trays, cling film, bottles for squash, mineral 
water and shampoo. 

 

Low density polyethylene  Carrier bags and bin liners. 

 

Polypropylene   Margarine tubs, microwaveable meal trays. 

 

Polystyrene  Yoghurt pots, foam meat or fish trays, hamburger 
boxes and egg cartons, vending cups, plastic cutlery, 
protective packaging for electronic goods and toys. 

 

Any other plastics  Plastics which do not fall into any of the above 
categories. - An example is melamine, which is often 
used in plastic plates and cups. 

Source:  Society of the Plastic Industry (SPI) available at 
http://www.plasticsindustry.org/AboutPlastics/content.cfm?ItemNumber=825&navItemNumber=1124

 

                                                 
32 The resins are composed of a three-dimensional network of molecules (Curlee and Das, 1991) 
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The technology of plastic recycling can be directed into four modes of resource 

substitution:   

• use as generic plastic (mechanical recycling) 

• regeneration of raw materials (chemical recycling) 

• feedstock recycling 

• use in energy recovery 

Generic plastic recycling, also called secondary plastic recycling, is the most widespread plastic 

recycling process (Garrain et al., 2007). The process begins with receipt post-consumer plastics 

and continues through sorting plastic items. The undesired plastics are removed manually. The 

resins are chipped into small flakes sizing about one cm across or less. The chipped resins are 

washed to remove dirt, adhesive and labels. The floated contaminants are separated from the 

surface of the washing liquid. Afterwards, a dryer is used to reduce moisture content. The dried 

flakes are extruded as pallet or powder for sale. Various secondary recycled products can be 

made, for example recycled containers, traffic cones, flower pots, etc. Rather than isolating 

generic resins, the mixed plastic is recyclable. The mixture of resin is slowly extruded into a 

mold of large cross-section. The products of mixed plastic recycling, i.e. plastic lumber widely 

used in marine decking, are commercially competitive to wood. The plastic lumber is used to 

make park benches, fence posts, boat docks and so on (Hegberg et al., 1992). 

Secondly, the regeneration of raw materials, also called tertiary plastic recycling, uses the 

reverse of the synthesis reaction to depolymerize resins such as PETE and nylons. The chemical 

reaction can be nearly stoicheometric in its generation of the initial raw materials (Hegberg et al., 

1992). Because of the benefit of economy of scales, the cost of the monomer obtained from the 

traditional production is lower than the cost of the monomer derived from chemical recycling 

(McDougall et al., 2001). 

Thirdly, feedstock recycling can treat large volumes of mixed plastic resins. The product 

from feedstock recycling can usually be substituted into the crude oil stream. The recycling 

technique is to convert plastic waste into fuels, monomers, or other valuable materials by thermal 

and catalytic cracking processes. The obtained oil and gas product, however, is currently more 

expensive than the equivalent products from primary fossil resources (McDougall et al., 2001). 

Quaternary plastic recycling recovers energy content from plastic combustion due to its 

high calorific content property. The energy recovery from plastic, i.e. refuse derive fuel (RDF), 

has potential in partly replacing other fuels in cement kilns, pulp and paper plants, and power 
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plants (Cornell 1995). Currently, recovered fuel from plastic is widely used in Europe 

(PlasticsEurope, 2007). 

 
2.8.4 Steel  
 

Steel is an alloy of iron, carbon, and a small admixture of other elements. The amount of carbon, 

usually less than 1% by weight, controls strength, hardness, and formability of steel. The other 

alloy elements, for instance chromium, nickel or silicon, are added to create different 

characteristics. Basically, steel is produced from pig iron - a solidified metal made from iron 

manufacturing typically contains at least 90 % iron and 3 to 5 % carbon - and steel scrap. In 

2005, worldwide iron ore production was 1,384 Mt, an increase of 12% since 2004 (IISI 2007). 

Currently, there are two main types of steel manufacturing: basic oxygen furnace (BOF) and 

electric arc furnace (EAF). Open hearth furnaces (OHFs) were used to produce steel prior to 

1991 and have rarely been used since then (AISI, 2001). Hence the OHFs can be assumed as 

irrelevant in steel manufacturing. BOFs are the standard steel making furnaces used at integrated 

iron and steel mills. According to world crude steel production by technology in 2000, BOFs 

accounted for two-thirds of steel furnaces (IISI, 2002). EAFs are the standard furnace at mini-

mills since they use scrap metal efficiently on a small scale.  

At BOFs, energy is required to melt pig iron and scrap metal. High purity oxygen -99.5-

99.8% pure - is introduced to oxidize impurities in the molten metal (Pitchel 2005). In addition, 

flux (i.e. lime) is added to reduce the level of sulfur and phosphorous and to form slag-oxides of 

impurities. EAFs primarily use scrap metal for the iron source. Electricity typically supplies the 

power source to generate the electric arc. The metal is heated and melted by radiation from the 

arc. Flux is blown or deposited on top of the metal after it has melted. Impurities are oxidized by 

the air in the furnace and oxygen injections. In the USA, an average input of BOFs in 2004 was 

67% pig iron, 27% scrap, and 6% direct-reduced iron (DRI)33. In contrast, EAFs input used 2% 

pig iron, 88% scrap, and 10% DRI (US.EPA, 2002).  

Molten steel either from BOFs or EAFs is transferred directly to the forming process. 

Forming must be done quickly before the molten steel begins to cool and solidify. Two general 

methods are used to shape the molten steel into the solid form used at finishing mills: ingot 

casting and continuous casting machines. While the molten steel is poured into ingot molds and 

allowed to cool and solidify in the ingot casting, the molten steel is cast directly into a moving 

mold on a machine in continuous casting. Continuous casting is more advantageous in the 

                                                 
33 DRI is iron that has been formed from iron ore by a chemical process, directly removing oxygen atoms from the  
    iron oxide molecules. In general, DRI is used to increase the iron content of steel products (US.EPA, 2002). 
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reduction of steel loss during processing than ingot casting. As a result, in the USA, continuous 

casting accounted for nearly 100% of steel mill casting in 2004 (US.EPA 2002) and 91% 

worldwide in 2005 (IISI, 2007). Figure 2.15 describes the common operation for steel 

manufacturing. 

 

 
 
Figure 2.15  Steel manufacturing  process 
Source:  ERG (2001) 
 

In terms of steel products, BOFs generally make steel for packaging applications. Steel 

products such as plates, beams, and bars are produced by EAFs. The finished steel products vary 

depending on the desired properties. Galvanized steel, for example, is steel coated with zinc to 

protect against atmospheric corrosion. 

After use, steel products (such as packaging, old appliances, and automobile parts) are 

discarded. In 2006, the scrap, discarded steel, comprised 40% of the total input for steel 

production worldwide (IISI, 2007). In order to process recycled steel, the collected recycled steel 

undergoes a pretreatment process where the scrap is prepared for melting and involves sorting 

contaminants such as dirt, oil, plastics, and paint. Scrap pretreatment also involves the 

preliminary separation of the metal of interest from other metals contained in the scrap (ERG, 

2001).  
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Steel scrap derived from MSW is ordinarily obtained from steel packaging. There are two 

main type of steel for packaging: tin plate and tin-free steel. A thin plate is electrically coated on 

both sides of the steel with an ultra-thin layer of tin. Tin-free steel uses chromium and chromium 

oxide instead of tin. Recovery of the tin containers requires a de-tinning process. The process 

consists of shredding the incoming tin plate and removing contaminants. Electrolytic removal is 

performed to recover both separated tin and detinned steel. The detinned steel needs to be 

washed thoroughly before delivery to the steel plant (AISI, 2001). Nevertheless, the de-tinning 

process may be neglected if the recycled tin cans are few, or if impurities of tin do not interfere 

with the steel product. 
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Chapter 3 
 

Research Methodology  
 

This chapter presents the scope of the investigation and the research methods used. In 

order to assess different waste management options in Thailand under infrastructural, ecological 

and economic considerations, three DSTs:  MFA, LCA, and FCA are applied. The identification 

of research boundaries is emphasized. The selection of the indicators and a clarification of the  

scenarios which were set up are described. MSW composition and generation, as derived from 

national statistics and field data collection, provides the basis for compilation. All assumptions 

which have been made for the assessment are also presented in this chapter.   

 
3.1 Scope 
 
In this section, the scope of work is defined according to three boundaries: the research 

boundary, the system boundary, and the extended system boundary. The research boundary, the 

first step, is used to define a scope of the study, for example, consideration of waste management 

in the municipal boundary or the national boundary. In the second step, the system boundary 

defines which processes are considered within the defined unit of time, i.e. year, day, etc. In this 

study, the processes stand for transportation, transformation, and storage of materials and 

substances. Furthermore, the extended system boundary, such as environmental assessment, can 

be performed to enlarge the view of the investigation (Fehringer et al., 2004).    

To evaluate waste management in Thailand according to the goal and objectives (Chapter 

1), MFA, LCA, and FCA were selected as support tools. MFA shows what infrastructure and 

what secondary material processing industries are affected from future waste management. The 

LCA quantifies environmental impact following the cradle to grave approach, while FCA 

quantifies costs. 

Due to a lack of monetary valuation of external effects in Thailand, the external costs: 

social impact cost, health impact cost, and environmental impact cost were not included. 

Limitations are mainly related to missing standardized methods and missing inventory data in 

Thailand. Nevertheless, the financial and ecological data obtained in this study are suitable to 

perform an assessment of external effects in the next step.   

Figure 3.1 defines the core system of the analysis which is applied to three selected 

support tools. The national SWM in Thailand serves as a research boundary. The system starts 

from the point where the product is discarded from society and becomes waste. Within the 

system, the interrelation of SWM, including hauling waste and residue inside and/or between 
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subsystems, were appraised. The subsystem refers to waste collection, material recovery 

facilities (MRFs), organic waste treatment, thermal treatment, waste recycling and recovery 

process. The flows out of the system are categorized into secondary materials and sinks34.  

A functional unit, ‘per tonne waste material’, was used for assessment. Due to the one 

year timeframe of the national statistic data, the latest official information based on the year 

2005 is considered as the reference of this study. 
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Figure 3.1 Research boundary  

 
With regard to the system boundaries, all environmental impacts throughout the system 

boundary and credit from energy recovery are evaluated and covered by LCA. The monetary 

system of FCA converts all operations and investments to currency units. The recycling 

processes of the four largest secondary materials such as paper, plastic, glass and steel from 

segregation to manufacturing were taken into account for both LCA and FCA. In addition, the 

influence of secondary materials to their life-cycle was assessed.  

In this research, MSW according to the definition in clause 2.1 (Chapter 2) was selected 

as an input of the system. The responsibility of municipalities was chosen to describe the scope 

of MSW. In this sense, the household waste (before segregation by the private sector), sewage 

sludge (night soil), and wastewater sludge from municipal wastewater treatment plants go 

                                                 
34 According to research boundary, sinks refer to landfill, secondary material reprocessing, and environmental  
    compartments, i.e. atmosphere, hydrosphere and lithosphere. 
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3.2 Scenarios      
 
The three new policies related to waste management set up in 2011 according to clause 2.2.4 

(Chapter 2) potentially influence not only the material cycles but also the infrastructures.  To 

review current waste management situations and forecast the effects of policy on waste 

management, the set up of scenarios are necessary to make comparisons. The various methods of 

achieving recycling targets, safe residual waste management targets, an
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Scenario A presents a base scenario in 2011 where the relative waste distribution 

according to the situation in 2005 has not changed. The 17% recycling rate and waste 

management facilities as of 2005 were used to present the “do nothing” scenario.  

The other scenarios were defined to study what happens if certain assumptions change. 

Scenarios B and C assumed the prognosis of SWM in Thailand is in line with the achievement of 

the recycling target of 30% in 2011. These two scenarios were distinguished by different 

recovery options. The increase of recycled waste from a recycling rate of 17% was performed in 

Scenar

es) where MSW is generated producing more than 27535 t/d of MSW. Besides, the 

provinc

andfills to sanitary landfills (scenario E), or 

upgrading all engineered landfills and diverting 18% of unspecified waste to sanitary landfills 

ndfills and recovering source separated organic waste 

in rural ).  

with MSW, 

were n

                                                

io B, whereas the organic waste including sewage sludge was enlarged to cover the gap in 

scenario C. The current operational conditions and a similar ratio of composting, AD, and 

landfilling as of 2005 were assumed.    

Scenario D focuses on the achievement of the alternative energy target. The diversion 

from landfill to incineration was made according to the criteria of the province (group of 

municipaliti

e shall have an area of less than 2,00036 km2 (approximately 40x50 km). The priority of 

diversion was given to provinces which meet the criteria and currently manage MSW by open 

dumping.   

Scenarios E, F, and G were set up to assess what the priority of SWM in Thailand should 

be. Assuming similar recycling rates as achieved in 2005, 40% safe residual waste management, 

as targeted by the Thai government in 2011, can be achieved by upgrading all engineered 

landfills and diverting 33% of open dumping l

(scenar  F), or upgrading all engineered laio

 areas by home composting (scenario G

 
3.3 Data collection on waste generation 

 
3.3.1 Evaluation of national statistic 
 

The official annual environmental report in 2005 (PCD, 2005), the only national information 

related to SWM in Thailand, shows the quantity of collected MSW (estimated unspecified waste 

is excluded) and recycled waste (Table 2.2).  Other wastes, such as CDW, E-waste, sewage 

sludge, and hazardous waste (included medical waste) which are disposed along 

ot reported. To cover all information regarding quantities of different waste types, the data 

 
35 To achieve incineration capacity 100,000 t/y 
36 To keep the distance to incineration less than 50 km 
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derived from literatures and official reports, therefore, are essential to evaluate the flows of 

MSW and can be further used to appraise environmental emissions and economics.  

In terms of information regarding operation of waste management i.e. energy and 

resource demand for waste collection, waste treatment and disposal, these data are necessary for 

odeli  have never been officially 

r the sensitivity of different operations in 

differen

or a City municipality (IC), for a Town 

municipality (IT), for a Township municipality (ITS), and for a Sub-district administration (ISDA) 

have a onal average of cator 

specific per tonne of collected waste, they were weighted relative to waste generated in the 

AVG B B C C T T TS TS SDA SDA (3.1) 

n municipality (MT), Township municipality (MTS), and Sub-

istrict administration (MSDA) were applied to obtain the average national value. For example, 

the total collected MSW is 22,996 t/d (Table 3.2). In city municipalities a total of 3,310 t/d is 

m ng, in particular for LCA and FCA. Since official data

specified, the field data collection was performed to determine representative information for 

actual Thai operations. 

 
3.3.2 Exemplary field data collection and extrapolation  

 
The administration of Thailand can be categorized into five levels according to the size and 

density of population (Table 2.1). The annual expenditure is also related to the level of 

administration. Larger municipalities can provide higher annual waste management expenditure 

and better waste management services. To cove

t municipalities, a representative for each administrative level in Thailand was selected 

(Table 3.2) where field data have been collected and unit indicators calculated (e.g. average 

collection distance, average fuel consumption, and landfill operational cost).  The locations of 

chosen administrations are depicted in Figure 3.2.  

All unit indicators such as for Bangkok (IB), f

specific unit per tonne of waste. In order to calculate the nati  a indi

administration level weighting concept (Equation 3.1). 
 

I  = I  M  + I  M  + I  M  + I  M + I M                

 M TOTAL
 
Where   IAVG = Average of considered unit indicator of all administrations  

           MTOTAL= Total mass of MSW generated in  all administrations 

 
The weighting factors (mass of MSW of each administrations-M) derived from the total 

waste collection of the administration are given (Table 3.1). The weighting factors for Bangkok 

(MB), City municipality (MC), Tow

d
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collected countrywide. Thus, the weighting factor (MC) of the city municipality is equal to 0.14 

(3,310 t/y divided by 22,996 t/d). 

 

 
 

Figure  selected facil  data co
 

 Selection of represent

3.3 Location of ities and administrations for llection 

Table 3.1 ative administrations 
 

Administrations  Representative administrations Total w llected aste co
based on istration admin

(t/d) 
Bangkok  Ban A) gkok metropolitan administration (BM 8,496 
City (or Nakorn) municipalities and 
Pattaya  3,Surat Thani city municipality 310 

Town (or Muanng) municipality Ang Thong town municipality 3,685 
Township (or Tambon) municipality Wiang Fang township municipality 6,605 
Subdistrict administration Kud Khao subdistrict administration, 

Khonkaen province 900 

Total 22,996 
Source;
 

  PCD (2006a) 
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3.3.3 Determination of waste composition 

Decisions on waste management, i.e. recycling target, selection of waste treatment processes and 

prediction of emission from waste management, requires information on the materials and 

substances of the MSW input. Thus, the exact composition of MSW is necessary for efficient 

evaluation. In Thailand, PCD published data on the composition of MSW for the year 2004 

(Figure 2.4). This information is derived from direct analysis from waste truck at the waste 

transfe

nex C). The 

recycla

ctions.  

 of individual waste fraction is important for 

the environm ere was no data available in Thailand, this 

formation was taken from various datasets as indicated in Table C.2 (Annex C). All of them 

 MSW.  The role of MSW fluxes in 

associa n icant to quantify MSW in 2011 (Equation 3.2).   

 (3.2) 
 
where  QMSW  = Quantity of MSW type, w in the year 2011 

r stations or disposal facilities after the commercially recyclable waste had been sorted out 

from the MSW stream. Hence, the component of MSW as indicated by PCD is representative of 

residual waste going to the disposal facility only.  

With regard to the exact input composition to the system, the output waste composition 

from households was required. The recalculation of waste composition modified from the PCD’s 

original residual waste composition was performed as presented in Annex C.1 (An

ble waste sorted by the informal sector was included back into the household waste 

stream. In addition, the composition of e-waste as detailed in Annex D was also added into the 

MSW.  Sewage sludge was considered separately from the residual waste fra

Published information of the MSW composition in rural areas has not been provided. 

Furthermore, field data collection could not be performed due to the limitation of budget and 

time. A similar composition of unspecified waste and MSW were assumed.  

In order to calculate the LCA, the physical and chemical characteristics, i.e. water 

content, substance concentration and calorific value

ental impact assessment. Since th

in

were derived from a European MSW background.   

 
3.3.4 Waste prognosis 

 
Waste prognosis is necessary to anticipate future amount of

tio with forecast population is signif

QMSW = F2005 x P2011 

F2005   = Flux of MSW type in 2005 

P2011   = Population in year in 2011 

 

 56



The term “fluxes” has been often used for MFA. A flux is defined as flow per cross section. The 

flow is a ratio of mass per time (i.e. tonne/year). In MFA, the commonly used cross section is 

people.

90) 

providi

aste 

eneration rate in Thailand since 1997 has been stable (Figure 2.3). In this sense, the assumption 

 2005 and 2011 are similar can be made. Nevertheless, it should be noted 

that sen

he waste generation and the MSW as defined in clause 3.1.2, the model calculates 

subseq

sferred to n treatments processes, i.e. incineration, MRFs, etc. Equation 

3.4 dis

in treatment and disposal processes was negligible. Thus, Equation 2.3 was applied. 

 Consequently, the common flux unit used in MSW is tonne/(person.year). The fluxes are 

an advantage for comparison among different processes and systems (Brunner and Rechberger, 

2004).  

For the forecast population in 2011, there are three reports:  Institute for Population and 

Social Research and Institute for Public Health Research (IPS and IPH, 2003), Office of National 

Education (ONE, 1999), and National Economic and Social Development Board (NESD, 19

ng different numbers. The selection was, therefore, executed based on a precise 

comparison to the actual population during the period 2000-2005. The forecast population was 

obtained from the lowest standard deviations as calculation method in Table E.2 (Annex E). 

Despite the fact that the variation of specific waste generation also has an influence to the 

quantity of MSW according to equation 3.2, the study neglected this factor because the w

g

that the mass fluxes of

sitivity analysis should be performed to ensure the effect of this factor to the result.  

 
3.4 MFA calculation 
  

3.4.1 Material flows in the core systems 
 

Starting from t

uent waste flows with a linear modeling approach.  The interrelations of waste processing 

(sub-models) are linked through transfer coefficient tracking from collection until disposal or 

reprocessing. 

According to the calculation procedure (Equation 3.3), the transfer coefficients (k) 

describe the distribution of waste between process input (Sn) to treatment processes (Pn). In this 

study, the MSW was collected in m waste types, i.e. sewage sludge, household waste, paper 

waste, etc. and were tran

plays the distribution of input to further treatment activities. In line with the calculation 

procedure, the equation can be expanded to unlimited additional processes as long as the transfer 

coefficients are known.  

Because of the time line of the study, the material input to sub-models was converted or 

transferred to other processes during the one year timeframe of consideration. The stock of MSW 
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This calculation procedure can also be used to assess the distribution to sinks (landfilling, 

open burning and disposal on empty ground, and use for a stock of secondary materials). Similar 

to the distribution in treatment process, the transfer coefficient is a key function in the 

distribution  sinks.  

 

                          n              
                                                  (3.4) 

             
 
where ass unit) 

 waste management processes i.e. collection,  

          MRFs, landfill etc. (mass unit) 

in 2005. The inter-links of materials were 

calculated based on the MFA concept. The influence from internal and external activities (i.e. 

port) was taken into account.  

s the 

margin of inflow and outflow. Brief information on LCI and LCIA are also presented. 

Methodolog ade in this study are described according to software procedures. 

 of waste material to

          n             
Sm = ∑ P           (  n     3.3) 

i=1            
  
  

Sm =  ∑   k1nSn + k2nSn+………+ kn-1,nSn      
                   i=1   

 Sm =   Summation of process input (m

Pn =   Distribution of waste quantity in

k i,n =   Transfer coefficient (% w/w) 

3.4.2 System boundary and material exchange with production sectors 

In this study, the system boundary was extended beyond waste management to selected 

production sectors. The analysis of demand for secondary material in industrial sectors is 

essential to understand the availability of potential material exchange. According  to the life 

cycle thinking concept, the overall material flows of target materials such as  glass, paper, plastic 

and steel starting from input raw materials through production, consumption, disposal, and 

recycle was assessed based on published information 

domestic use, import-ex

 
3.5 LCA Calculation 
 
In this section, the overall scope of the LCA study is shown. The system boundary implie

ical choices m

3.5.1 Inventory 

The environment and resource aspect from different options of future waste management in 2011 

were analyzed based on the LCA software, EASEWASTE version 2008. The waste flows 

resulting from MFA analysis is necessary for generating data on emissions from the system 
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examined. The analysis of LCA in this study was performed according to the process inventory 

from actual Thai waste management technologies (Table 3.2). The operational information was 

btained from literature, municipal documents, interviews municipal officers and my own 

st - October 2007. 

 

n of in rogram

o

calculations during the survey of waste treatment/disposal facilities in Augu

Table 3.2 Informatio put data in EASEWASTE-LCA p     
Inventory categories Data descriptions References 

Waste generation 
      Single family housing Unspecified waste (MSW in rural areas) Based on MFA calculation 
      Multi family housing Collected MSW (in municipal areas) Based on MFA calculation 
      SCBU Sewage sludge Based on MFA calculation 
Waste composition 
      Collected MSW Average based on weighting waste generation of ble C.2 

individual administration   
Table B.1 (Annex B), Ta
(Annex C) 

      Unspecified waste Assumed similar to MSW compositions Table C.2 (Annex C) 
      Sewage sludge Table C.2 (Annex C) 4% solid content 
Waste collection 
      Unspecified waste All fractions subjected to residual waste, 

emission assessment based on the Euro3 
emission reference 

Detail in sub-models (Chapter 4) 

      Collected MSW Actual operations based on Euro3 emission Detail in sub-models (Chapter 4) 
reference 

      Sewage sludge All fractions subjected to residual waste, 
emission assessment based on Euro3 

Detail in sub-models (Chapter 4) 

Sorting efficiency 
      Before and during waste  
      collection 

Integrated sorting quantity from tri-motor cycle 
waste collectors and MSW collection crews 

Based on MFA calculation 

     Sorting at trea
es 

tment/disposal rations  inclusive scavenging at Based on MFA calculation 
     process

Actual ope
landfill 

Transportation technologies n Actual operations based on the Euro3 emissio
reference 

Detail in sub-models (Chapter 4) 

 Sub-models     
     MRFs Actual operation and integrated primary and 

secondary recycling shops, Thailand (2007) 
Detail in sub-models (Chapter 4) 

     Composting Wiang Fang composting plant, Chiang Mai, 
Thailand (2007) 

Detail in sub-models (Chapter 4) 

     AD Koh Chang Biogas plant, Trad, Thailand, (2008) Detail in sub-models (Chapter 4) 
     Incineration Phuket incineration, Phuket, Thailand (2008) Detail in sub-models (Chapter 4) 
     Open burning US.EPA experiment, USA (1997) hapter 4) Detail in sub-models (C
     Engineered landfill (Chapter 4) Angthong landfill, Angthong, Thailand (2007) Detail in sub-models 
     Open dumping landfill Detail in sub-models (Chapter 4) Kud Kao SDA, Kud Kao, Thailand (2007) 
Material recycling 
     Paper -Paper to cardboard, SE (1992) 

-Paper (mixed paper) to fine paper, DK (2001) 
-Paper (newspaper & magazine) to solid card  
  board, DK (2001) 

EASEWASTE 2008 

     Glass Glass cullet to new product (remelting), Europe 
(1990) 

EASEWASTE 2008 

     Plastic Plastic to granulate, DK (2000) EASEWASTE 2008 
     Steel Steel scrap to steel sheets, DK (1992) E 2008 EASEWAST
Material utilization 
     Compost  NPK and peat substitution EASEWASTE 2008 
External processes 
    Electricity Thai electricity grid mixed  in 2000 TEI (2002) 
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In EASEWASTE, the external processes consists of up-stream (i.e. production of 

electricity or materials) or down-stream (i.e. material and energy recovered) activities. The 

external processes provide LCI of details of processes and materials that are used in the waste 

management system.   Due to lack of LCI data available in Thailand, the external processes were 

normally taken from the default data in the software apart from electricity, which was obtained 

from a Thai database (TEI, 2002). Most materials and processes in the software are derived from 

the EDIP database, which is taken from an analysis of a typical Danish environment. Although 

the environmental impact of materials and processes of Danish LCI is different from Thai LCI, 

this stu

nt actual operation in Thailand which is different from an 

industr

athered together as the source separated fraction as 

perform

e). All detailed criteria of the 

sub-models, manufacturing of material input to the system, as well as avoiding primary 

production from substituted materials are described in Chapter 4.  

 

dy omitted this effect of the use of Danish LCI database to the LCIA results because with 

comparison purpose, all proposed scenarios were analyzed based on the similar database.    

According to common practice in Denmark, the flow patterns of the software allow three 

individual MSW distributions: single family housing, multi-family housing, and small 

commercial business units. To represe

ialized country, unspecified waste, MSW, and sewage sludge were used to categorize the 

three MSW distributions accordingly. 

Based on software perspectives, the system boundaries in this research covered from 

waste bins to grave (Kirkeby, 2005).  The input (resource consumption) and the output 

(environmental impact) were considered. The waste collections (either source separation or 

commingled waste) were primarily assessed as the first activity of waste management. The 

limitation of using software to present recycled waste segregation in developing nations is 

obvious. In this study, the separated collection at the source of recycled materials performed by 

the private sector, sorting during collection by municipal waste collection crews, and segregating 

at treatment/disposal facilities was g

ed in a developed country. The transportation from source to recycling, treatment and 

disposal processes were also inclusive. 

The evaluation of treatment/disposal methods (sub-models) covered open burning, 

incineration, landfilling (sanitary landfill, engineered landfill, and open dumping landfill), 

recycling (of paper, plastic, ferrous metal, and glass), composting (of commingled waste and 

source separation), and anaerobic digestion (of commingled wast
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3.5.2 Impact assessment   

In order to assess emission and resources used, seven environmental impact categories: global 

warming, stratospheric ozone depletion, photochemical ozone formation, acidification, nutrient 

enrichment, toxicity (ecotoxicity and human toxicity) were taken to evaluate the upstream and 

downstream of integrated waste management activities. The Danish EDIP method (EDIP97) was 

used to characterize emissions to air, surface water, ground water, and soil (Damgaard, 2006). To 

compare the impacts of each scenario, a global normalization was calculated to the unit of 

person-equivalents (PE) in line with the normalization references based on the updated EDIP97 

method (Table 2.12). Since there is no national target of environmental impact in Thailand, the 

ing to the political goal was omitted. 

 and interviews with municipal staff. The cost was determined based on the 

2005 reference. 

e mayor and members of the municipal council 

weighting factor accord

3.6 FCA Calculation  

The total costs of proposed waste management scenarios in Thailand were determined. The 

scope of the economic study covered all waste management activities from waste bins until 

sinks. Full cost information was obtained from the field survey, review of annual budget of the 

local administration,

 
3.6.1 Cost per unit 
 

Table 3.3 shows the approach to calculate the annual unit cost per tonne of waste input (wet). 

The wage and benefit only related to waste management were determined and distributed to 

different program areas. The allocation of wage and benefit is normally based on the percentage 

of employees assigned to work exclusively for each waste management activity (the shared cost 

concept). For example, the annual wage of administrative staff might be assigned 50%  to public 

health, 30% to public cleansing, and 20%  to recycling promotion. In this sense, only 20% of the 

annual wage was integrated to the cost of the recycling program. Due to the difficulty of 

quantification of working hours, the costs for th

involved in waste management were neglected. 

 Costs for operation and maintenance (O&M) represent the costs incurred to acquire 

assets or resources that are used over a relatively short period of time (generally, less than one 

year) and are required routinely to support ongoing operations. The annual O&M cost can be 

included into waste management program areas. In the case of equipment and resources used for 

more than one year, for example, equipment cost, a simple “straight-line” method (Equation 2.6) 

was used to depreciate the costs of assets or resources. The acquisition cost of the resource was 
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divided by the number of years for which the resource is expected to provide services (DEP, 

1997). The Thai standard of service life and unit cost for economic analysis (Table 3.4) was, 

then, necessary for compilation. The used service life of different assets was selected based on 

either those currently used or those recommended by the municipal officer. “Up-front" costs, 

which include cash outlays made during the planning and permitting of MSW facilities, was 

omitted from this study because this process is complex and  involves with many governmental 

authorities, either local or central administrations. 

tion of operatio  analysis 

 

Table 3.3 Descrip nal unit cost
 
Operational units  Descriptions Calculation references 

General 
management  

ed costs of 
c. to support 

All indirect costs, i.e. computer, shar
management salary, administration, et
waste management were analyzed.  

Average total cost per unit of waste  
(wet) (Equation 3.1) based on 
weighting of waste collected of five 
different administrations (Annex J.1) 

MSW collection & 
transportation ontract, etc. were 

All direct costs, i.e. staff overhead, fuel, 
equipment, maintenance, subc
allocated to this cost. The revenue from the waste 
collection fee was included.  

Average total cost per unit of waste 
(wet)  (Equation 3.1) based on 
weighting of waste collected of five 
different administrations (Annex J.2) 

Recycling operation  
, 

e. Most of 
nd 

weighting of waste collected of five 
nex J.3) 

All costs related to promotion of MSW recycling
scheme, recycled waste collection, transportation
and MRSs construction were inclusiv
the data were taken from the annual budget a
interview the owner of local MRS.   

Average total cost per unit of waste 
(wet) (Equation 3.1) based on 

different administrations (An

Composting All direct costs, pre-development costs, and  Nut 
k, investment were included. 

Actual operation of On
composting plant , BMA, Bangko
Thailand (Annex J.4) 

AD All direct costs, pre-development costs, a
investments were included. 

nd AD, Actual operation of Rayong 
Rayong, Thailand (Annex J.4) 

Incineration 
n residues 

All direct costs, pre-development costs, 
investment, and landfilling of incineratio
were included. 

Actual operation of Phuket 
incineration, Phuket, Thailand 
(Annex J.4) 

Landfilling 
ure of non-sanitary landfill and 

All direct costs, pre-development costs, 
investment, clos
closure & post closure care of sanitary landfill 
were included. 

Average total cost per unit of waste 
(wet) (Equation 3.1) based on 
weighting of waste collected of five 
different administrations (Annex J.5) 

Night soil 
management 

ransportation, and 
 income from 

ve 
J.6) 

All direct costs of collection, t
treatment were inclusive. The
collection fee was integrated. 

Average total cost per unit of waste 
(wet) (Equation 3.1) based on 
weighting of waste collected of fi
different administrations  (Annex 

Secondary materials rgy 
d substitution of four primary 

r, glass, plastic, and steel were 
analyzed.   

 
supplied chains and trade of waste 
compost were used. (Annex J.7) 

The income gained from compost product, ene
recovery, an
materials: pape

The average buying cost of four 
different secondary materials 
obtained from countrywide recycle

 

Amortization (Clause 2.6) is commonly used to determine the annual costs for future 

outlays, for example, closure of non-sanitary landfills, and closure and post closure of sanitary 

landfills. This future outlay of landfilling is not obliged by Thai regulation. Hence, it has never 

been implemented in Thai MSW landfills. This study assumed that all sanitary landfills and 
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closed open dumping landfills must integrate these costs into their accounts in 2011. As a result, 

amortized amount (Equation 2.7) was evaluated. Nevertheless, due to a lack of rehabilitation 

costs and an uncertain impact of different conditions of open dumping landfill, this study did not 

cover clean up and after care costs of such non-sanitary landfill sites. 

Table 3.4 Standard service life of assets  

 

Serv rs) ice life (Yea
Assets 

Minimum Maximum Used 

Permanent building (i.e. factory, hospital etc.) 15 40 20 

Temporary building i.e. garage, on
parking building etc.) 

e storey 8 15 10 

Office equipment (i.e. tables, etc.) 8 12 8 

Computer 3 5 3 

Light vehicle (i.e. pick up trucks, motorcycles, 
forklifts etc.) 5 8 7 

Heavy vehicle (i.e. trucks etc.) 5 8 8 

Factory- electronic devices and tools 2 5 5 

Factory-motor equipments 5 8 8 

Source; ontroller General’s Department, Thailand (CGD, 2001) 

hese materials are interesting 

to prov

rious administrations is evident. Therefore, the 

externa

e unit costs of night soil 

manage n o two administrative groups: 

 C
 

The revenues gained by the local government in providing solid waste services, for 

instance, collection and disposal fees as well as the sale of secondary materials, compost, and 

energy recovery were identified to calculate the net cost. Although secondary materials generally 

are segregated by the private sector in Thailand, the revenues from t

ide an overview of the full cost of Thai waste management.  

According to the definition of Life cycle costing assessment (LCCA) by Hunkeler and 

Rebitzer (2003), LCCA should only account for internal and internalized costs except for those 

externalities that are, based on preliminary or prior analyses, likely to introduce significant and 

potential costs in the future due to internalization via regulatory measures, CO2 taxes, 

environmental damage taxes, etc. Currently the Thai government has not established these 

regulatory measures in Thailand. As a result, the absence of this external cost information for 

evaluation of SWM activities performed by va

l costs were not included in this study.   

The lack of night soil management data in term of costs and services for all 

administrative levels was obvious. According to data availability, th

me t were, therefore, divided int
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• BMA and city municipality 

• Town municipality, township municipality, and SDA  

For the first group, night soil was collected and treated at a treatment facility. Alternatively, the 

land disposal method of the latter group was assumed to be in line with the actual operation in 

the rural area. Two selected representative municipalities were, thus, considered. Regarding the 

cost of other operational units, i.e. municipal recycling scheme and treatment/disposal activities, 

of the calculation is detailed in the sub-model section (Chapter 4).   

ass of MSW handled 

 municipality was obtained from Table 3.2.  

1P1+ C2 P2 + …….+ C n                                                                                   (3.6) 

where quantity in waste management processes i,   i.e. collection,  

 C i,n =   Unit cost of process i= 1 to n 

 

the description 

  
 3.6.2 Total full cost calculation 
 
The mass flows in association with each generated unit cost provided the total FCA of MSW 

management (Equation 3.6). The distribution of waste quantity in the waste management 

processes (Pn) of waste was derived from MFA results. The weighting of unit cost (C i,n) in 

association with the total amount of MSW handled in the five different levels of administrations 

(Figure 3.2) was performed using Equation 3.1. In this equation, the total m

by different levels of

                  n  
    FCA =  ∑ C

            
nP

                    i=1 
 

 Pn =  distribution of waste 

          MRFs, landfill etc. 
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Chapter 4 
 

Assessment of MSW treatment and disposal  
 

The operational information of MSW management is significant in order to understand the 

existing operation in Thailand and provide the needed input data for modeling. In this section, 

the current MSW treatment and disposal facilities (sub-models) in Thailand are assessed and 

described according to requirements of the proposed decision support tools. A challenge in 

assessment of waste management in developing countries is that less official statistics and 

information of waste collection performed by the informal sector are not provided. 

 In this study, the sub-models were divided into three operational parts: waste haulage 

(including collection and transfer), waste treatment processes, and waste disposal processes 

according to the definition indicated in the Directive on Waste 2006/12/EC (EU, 2006b). The 

collection and transfer is determined by the efficiency of source separation and additional fuel 

consumption. The treatment processes defined the distribution of MSW to the desired methods 

of waste management i.e. MRFs, composting, incineration with energy recovery, etc. Eventually, 

the disposal processes, i.e. mass-burned incineration and landfilling, marked the end of waste 

routes. The technologies that were chosen for each scenario were described according to the 

general operation and current operation in Thailand.  

 
4.1 MSW collection and transportation 
 
MSW collection is the process of picking up waste from residences, businesses, or collection 

points, loading them into a vehicle, and transporting them to a processing, transfer, or disposal 

site.  The transfer is defined as a function of moving waste from a collection vehicle to a larger 

transport vehicle that hauls the MSW to distant SWM facilities (UNEP-IETC, 1996).  

MSW collection is normally divided into bring systems and curbside collection 

(McDougall et al., 2001). Bring systems require households to take their MSW to collection 

points (material banks). In curbside collection, households put their waste in containers at a 

position beside their properties. Both systems are able to manipulate either source separated 

MSW, i.e. organic waste, glass waste, etc. or non-source separated MSW, i.e. commingled 

(mixed) household waste. With regard to source separated collection, the additional waste 

collection for recycled waste is required. For instance, in the bring system, the single recycled 

waste is collected from material banks whilst the different recycled waste is collected separately 

in the curbside collection system according to appointed date or modified waste collection truck.  
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In terms of waste transportation, the bring system is employed to reduce hauling costs by 

using semi-trailers, railroad cars, or barges to haul from a central point, i.e. transfer station, 

primary recycling shop, secondary recycling shops and MRFs to long distant waste management 

facilities (Worldbank, 2000).   

In Thailand, curbside collection is generally performed by municipal services for MSW 

collection. Special waste such as e-waste and hazardous waste are not segregated. Hence, the 

mixing of special wastes and household waste was applied in this study. In many areas, the waste 

treatment/disposal facilities are close to the collection point. The transportation to such facilities 

is performed continually after collection.  

The curbside collection of recycled waste is collected by the private sector according to 

economic interest. Tri-motorcycle waste collectors, the largest sector for the collection of 

recycled waste (67% of recycled waste collection1), buy commercially recyclable waste from 

households. The rest of recyclable wastes are sorted by MSW collection crews during collecting, 

and by scavengers at landfill sites. The sorted recycled waste from treatment activities is 

transported to primary and secondary MRSs respectively. Eventually, the transfer from 

secondary MRSs to reprocessing plants is performed.  

 
Input to MFA  
 
The transfer coefficient (ki,n)  is essential to distribute MSW fractions from one hauling 

activity to different activities, for instance, the sorting fraction of recyclable waste from 

household by private sector to primary MRSs. In this study, the transfer coefficient was obtained 

from an official report based on 2005 data (PCD, 2005). Since official data for unspecified waste 

(uncollected MSW) was not provided, the collection efficiency taken from PCD (2006a) was 

used for evaluation. For obtaining the average MSW collection efficiency in Thailand, the 

calculation based on equation 3.1 was applied. The unspecified waste was not principally 

handled by municipal services. As a result, the unspecified waste collection was omitted. 

The segregation of recycled waste before and during collection as well as during tipping 

at landfill was derived from the literature (PCD et al., 2003). The raw material for a biological 

treatment was gained from commingled residual waste streams. Hence, assumptions for the 

organic waste collection were similar to MSW collection. Annex A.4 shows recovery and 

recycle quantities in Thailand and how these materials are sorted and managed. The derived 

                                                 
1 Detail in Table F.1 (Annex F) 
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transfer coefficient based on the MSW fluxes in 2005 (Equation 3.2) was used to anticipate the 

distribution in 2011.  

Sewage sludge and wastewater sludge collection was a duty of the municipality and 

sludge was collected separately from MSW. The lack of national data on sewage sludge and 

wastewater sludge generation is obvious. Hence, the calculation based on literature was 

performed (Annex A.4.5).   

 
Input to LCA  

 
Regarding LCA input data, fuel combustion technology and fuel consumption are required. In 

the software EASEWASTE, a sub-model of waste collection and transportation calculates 

exhaust emissions caused by fuel combustion based on fuel consumption. The terms of fuel 

consumption for collection are based on the amount of fuel used for collecting one tonne of wet 

waste. In contrast, the fuel consumption for transportation is expressed as the amount of fuel 

used for transporting one tonne of wet waste a distance of one km. According to the 

EASEWASTE software, the environmental load from producing and using waste bins, sacks, 

containers, and from producing and maintaining trucks is considered as negligible 

(EASEWASTE, 2007).  

 
 
Figure 4.1 Model considering MSW collection and transfer  
                                        

To evaluate the total fuel demand for hauling of MSW in Thailand, the calculation in 

Equation 4.1 was used, which considers the different activities in the haulage process. The fuel 
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demand of MSW collection and transportation directly depends on waste collection (Fc,n), waste 

transportation to treatment/ disposal processes (Ft,n), and waste transportation of secondary 

materials (Fr,m). Furthermore, the different collection activities - such as the distance from garage 

to first collection point, loading and unloading containers, distance from waste bins, distance to 

destination (transfer station), unloading waste at destination and truck loading rate of different 

waste types, and their the fuel consumption for collection (Fc,n) are calculated according to 

Equation 4.2. The calculation of fuel demand for MSW and recycle waste transportation (Ft,n and 

Fr,m) is derived from a similar concept as presented in Equation 4.3. To decrease complexity, the 

combination of primary MRSs and secondary MRSs was performed. It was assumed that the 

sorted recycled materials were hauled to the combined MRSs.  

                                                   c                t               r 
  Fct  =  ∑ Fc,n    +  ∑ Ft,n   +  ∑ Fr,m                                       (4.1) 
    i=1       i=1              i=1            

where Fct = Total fuel consumption (litre) for MSW collection and transport  

 Fc,n     = Fuel demand (litre) for collection, c of MSW type, n   

Ft,n = Fuel demand (litre) for transportation, t of MSW type, n 

Fr,m = Fuel demand (litre) for transportation of recycle waste type, r to MRSs, m    

 
Fc,n  = F garage + F loading & unloading  + F between containers + F to destination  (4.2) 

                                                  
where Fc,n     = Fuel demand (litre) for collection, c of MSW type, n  

F garage = Fuel demand from garage to the first container and from destination i.e.  

      treatment facilities or transfer station) to garage, (litre) 

F loading & unloading  = Fuel demand from loading, unloading waste container and unloading  

     at destination, (litre)  

F between containers  = Fuel demand for driving between containers location, (litre) 

F to destination = Fuel demand for driving from the last container to destination (transfer 

                station or last MSW container collection), (litre)  

 
Ft,n  =      Mp . Dt,n . (Ft,m/100)                                  (4.3) 

                          Wn                       
where Ft,n = Fuel demand (litre) for transportation, t of MSW type, n 

Mp     = Mass flow of  waste type, p (tonne) 

Dt,n     = Distance from origin of transportation to destination of waste type, n (km) 

Ft,m      = Fuel consumption for waste transportation of truck type, m (litre/100km) 

Wn      = Total mass loading rate of waste type, n (tonne/load) 
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The collection distance information was derived from field analysis and interviews with 

municipal staff, whilst the transportation distances were determined from survey reports on 

MSW management operations of all municipalities in Thailand in 2005 (PCD, 2006a). Table 4.1 

reveals countrywide information on transportation distance. In order to gain average national 

values for Thailand, this information was weighted according to Equation 3.1. The information 

according to the disposal distance and fuel consumption of various administrations was 

summarized in Table F.2 and Table F.3 (Annex F). According to the software requirement, 

transfer station should be included in a LCA assessment because fuel consumption and 

transportation distance distinguish collection and transportation. Basically, most collected MSW 

in Thailand was transported directly to treatment/disposal units. To be complied with the 

software, in this study, transfer station was, therefore, assumed to be located at a central point 

where the last waste container was collected.    

The fuel combustion technology was chosen from a database in external process where 

the environmental load from production and combustion of one liter of fuel was presented. Table 

4.2 shows the summary of input data which was determined from the actual operation in 

Thailand based on different types of trucks, materials and fuel demands as presented in Table F.4 

(Annex F).  

Table 4.1 Average distance of  MSW collection and transportation according to   
     various administrations in Thailand 
 

Administration MSW 
collected (t/d) 

Collection 
distance  

(km) 

Transportation 
distance  to 
disposal site  

(km)2

Remarks 

Bangkok 8,496 55.00 98.02 Data based on 2004 (BMA, 2005b) 
City municipality-  
Surat Thani 3,310 17.00 21.80 Weight by mass and average distance to 

disposal site from 23  city municipalities 

Town municipality -
Ang Thong 3,685 17.20 18.26 

Weight by mass and average distance to 
disposal site from 107 town 
municipalities 

Township municipality 
- Wiang Fang 6,605 17.50 10.99 

Weight by mass and average distance to 
disposal site from 1,003 township 
municipalities 

Rural area- Kud Khao 900 25.53 3.00 Kud Khao Sub-district Administration 

Average 22,996 31.50 45.60 MSW colleted is summed. 

Source; My Own calculation based on PCD (2006a)   
 
 
 

 

                                                 
2 Detail calculation in Table F.2 and  F.3 
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The weight assumptions of collection and transportation of MSW and recycled waste 

were normally taken from field analysis and the net weight allowed by Department of Land 

Transport, Thailand (DOH, 2005). Whenever there was a lack of data, an 80% filling rate (den 

Boer et al., 2005) and 260 kg/cu.m. density3 (Tamronglak, 2005) were assumed for estimation of 

collection weight. The weight of recycled waste hauled by Tri-motor cycle was estimated by 

field measurement.  The descriptions of weight calculation are presented in Table F.4 and Table 

F.5 (Annex F.).   

The transportation of secondary materials is different from residual waste. Basically, 

secondary materials are baled before long hauling to remanufacturing. Consequently, it was 

assumed that 10-wheel trucks with a loading capacity of 10 tonnes4 transported secondary 

materials. Google Earth program5 is used to find the distance between a province where a 

municipality is located to a province where a reprocessing plant is located The calculation 

method for all targeted secondary materials is presented in Table F.6 to F.9 (Annex F). 

According to residue waste discarded from the preprocessing of secondary materials, eight 

tonnes of carrying capacity and distance to disposal site were assumed. The EURO3 emission 

standard of transportation was adapted. The haulage of contaminants from MRSs to landfill 

disposal was assumed to be a half of driving distance from municipal boundary to disposal site 

(Table F.5, Annex F). 

 
Table 4.2 EASEWASTE input data for collection and transportation  
 

Input data  Fuel combustion 
technology 

Fuel 
consumption 

Description 

Collection 
Residual waste Diesel, Truck Euro 3, Urban 

traffic 
1.67 l/t 6 wheels standard truck, 6 t/ 

load, Avg. distance (Table 4.1), 
32 l/100km  

Mixed recycle waste Gasoline, car 1.4-2.0l 
Euro3, urban/rural traffic 

8.0 l/t Based on tri-motor cycle 

Bio-waste & sewage sludge  Collection vehicle, urban 
traffic 

1.84 l/t 6 wheels standard truck 

Transportation 
Secondary materials (paper, 
plastic, glass, cullet, and  steel.) 

Diesel, Collection vehicle 
Euro3, urban traffic,  

0.04  l/km.t 10 wheels standard truck, 50 
l/100km, 10 t/load 

Residual waste Diesel, Collection vehicle 
Euro3, urban traffic,  

0.05 l/km.t 6 wheels standard truck, 3.5 
km/l, 6 t/load 

Bio-waste & sewage sludge, 
reject waste  

Diesel, Collection vehicle 
Euro3, urban traffic,  

0.04 l/km.t 10 wheels standard truck, 32 
l/100km, 8 t/load 

Source: Table F.4 and Table F.5 (Annex F) 
 

                                                 
3 Taken information from Surin Town municipality, located in Northeastern part of Thailand (Tamronglak, 2005) 
4 Maximum weight allowance 25 tonnes for 10 wheels truck in Thailand (DOH, 2005) 
5 Download from http://earth.google.com

 70

http://earth.google.com/


Input to FCA 
 

FCA in this section represents the cost of all activities related to MSW collection and 

transportation. The functional unit (cost/tonne) was derived from the annual cost divided by total 

tonnes of collected waste that were used for both MSW and recycled waste. The income from 

waste collection fees was subtracted from the total cost. Eventually, the average cost of different 

administrations was calculated according to the weighting concept (Equation 3.1). The annual 

cost of general management i.e. administration cost, MSW collection fee (Table J.1, Annex J) 

was included in these MSW services based on the shared cost concept (only cost related to MSW 

management is taken into account) because most of general management in Thailand is involved 

in MSW collection and transportation. 

Table J.2 (Annex J) provides the FCA calculations for collection and transportation. The 

annual staff overhead that was relevant only to collection and transportation was calculated. 

Most of the overhead data was gained from interviews with municipal officers. The shared cost 

of a non-full time administrative position was applied. The welfare (i.e. medical cost for 

employees) was derived from the annual municipal expense report.  

With regard to the annual operational costs, the review of municipal records provided the 

cost of fuel used, truck maintenance and other support equipment, i.e. shovels. The cost of trucks 

(Table 4.3) in association with the service lifetime of heavy vehicles (Table 3.4) played an 

important role in the depreciation of vehicle investment. It should be noted that two 

administrations - Ang Thong municipality and Wiang Fang municipality - subcontract collection 

and transportation to private contractors with different conditions. The subcontractor of the Ang 

Thong municipality provides municipal collection services using municipal trucks. Apart from 

equipment, maintenance and labor, which were included in subcontracting costs, the truck cost 

and maintenance was charged to Ang Thong municipality’s account (in truck investment and 

truck maintenance respectively). The subcontractor of the Wiang Fang municipality is 

responsible for the entire costs of equipment, maintenance, and labor. Thus, the subcontracting 

cost was taken into account only for waste collection and transportation of the Wiang Fang 

municipality. 

The waste containers were allocated to equipment costs and depreciated depending on 

service lifetime and cost. Table 4.4 shows the information used for the assessment of waste 

container costs, which were obtained from municipal purchasing records. Only the evaluation of 

waste container costs of BMA was taken from the annual budget (BMA, 2005b). Based on table 
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4.4, different service lifetimes and unit costs despite the same type of waste container are 

remarkable.  

 
Table 4.3 Investment cost of various MSW collection trucks 
 

Truck type Specification 
(Wheels) 

Container  volume 
(m3) 

Cost  
(million Baht) Sources 

With Compaction 10 15 3.50 Surat Thani city municipality
With Compaction 6 12 2.02 
With Compaction 6 10 1.92 

Nakhon ratchasima city 
municipallity E-auction 

With Compaction 6 6 1.80 Yan Yao SDA, Pitsanuloke 

Without compaction 6 12 1.57 Paknam Township 
municipality, Chacheongsao 

Without compaction 6 8 1.30 Kud Khao SDA, Khonkaen 
Without compaction 4 1 tonne 0.61 Huai Krai SDA, Chiangrai 
Tanker truck with pump 6 12 1.50 Surat Thani city municipality

 

Table J.8 (Annex J) provides the basic data for a FCA assessment of the recycle waste 

collection. Unlike the annual budget for MSW collection costs, the calculation for recycled waste 

collection was performed using data based on actual operation. An interview with tri-motor cycle 

waste collectors and pick-up truck drivers was executed to determine annual unit costs. It was 

assumed that the transportation for hauling recycled waste from landfill to primary MRSs and 

from primary MRSs to secondary MRSs was performed by pick-up trucks.  

Table 4.4 Cost and service life of waste containers  
 

Administration Container 
material 

 Container 
volume 

Unit Cost 
(Baht) 

Service life 
time (years) 

HDPE  plastic 240 L 2,000 5 City municipality-Surat Thani  

Galvanized  10 m3 30,000 5 

Town municipality-  Ang Thong HDPE plastic 120 L 700 2 

Township municipality- Wiang Fang HDPE plastic 240 L 1,500 2 

Kud Khao SDA Reuse tire  60 L 250 6 

 
 
4.2 Treatment processes 
 
Collection and transportation distribute MSW to the desired treatment processes according to its 

characteristics and local technology. The treatment processes as defined by Worldbank (2000) 

are any method, technique, or process designed to remove solids and/or pollutants from MSW 

streams, effluents, and emissions. In this section, the analysis of treatment processes such as 

MRFs, MBT, composting, AD and incineration are given in detail. The material flows and 

potential environmental impact as well as full costs from such processes are described. 
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4.2.1 Material recovery facilities (MRFs)  

MRFs aim to recover materials from either source separated waste or commingled waste. The 

sorting, processing and storage of recyclable waste are the main tasks of this facility. Typically, 

the sorting system requires manual pre-sorting. Conveyors transfer sorted waste through various 

mechanical techniques, i.e. size reduction, screening, magnetic or density separation. The 

process selection can be performed according to various desired materials, for instance, sorting 

biodegradable waste for composting. In addition, the MRFs must have the ability to store the 

segregated recycled materials for a sufficient period at the least truck loading capacity. 

In developing countries, full scale MRFs usually do not exist. The segregation is initially 

performed by private sector at waste containers. The commercially segregated waste was hauled 

to primary MRSs where the segregation in line with market criteria took place. The sorting 

process in primary MRSs was performed manually by a couple of laborers. Afterwards, the 

sorted recycled waste was transferred to secondary MRSs where a pretreatment process i.e. 

cleaning, grinding, baling was executed. The secondary MRSs, which are larger facilities than 

the primary ones, provided long-term storage. In addition, secondary materials can be recovered 

during treatment processes if the sorting line is installed at the beginning. 

In Thailand, main end users, i.e. the glass and paper sectors, have recently developed 

countrywide recycling chains to ensure the stability of recycled waste quantities. Such recycling 

dealers (secondary MRSs) take responsibility on behalf of the parent company for purchasing, 

collecting, cleaning and controlling incoming material from primary MRSs.  When the storage is 

commercially viable or it meets truck loading capacity, the treated recycled waste is then 

transferred for reprocessing.   

 
Input to MFA 

 
In this study, the flow of recycled waste was modeled according to current operations in 2005. 

Apart from source separation of recyclable waste from MSW streams done by the private sector, 

the other method for recycling is sorting at treatment facilities. The sorting facilities, called 

MRFs in this study, are principally equipped at the upfront of the treatment process. MSW is 

generally segregated along side of conveyor, except sorting at landfill where manual segregation 

is performed. Figure 4.2 illustrates the sorting efficiency at four different treatment and disposal 

facilities. All sorting fractions apart from materials recovered at composting facilities were 

obtained from the literature. Since data on the recovery fraction at composting plants is lacking, 

the analysis of monthly input-output mass flow and inventory check list of Wiang Fang 
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composting plant, Chiang Rai province was calculated. The presented information of MRF from 

composting facilities is averaged based on operation during February-May 2007. 

 The materials recovered from sorting process are generally contaminated with non-

commercial material. Table 4.5 indicates the energy demand and description of contaminants of 

MRSs in Thailand. All actual information was derived from interviews of primary and secondary 

MRSs. Although primary MRSs purchase recycled materials, paper and glass are typically 

contaminated by dirt. The plastic contaminants are sorted out at primary MRSs. Hence, there is 

no plastic contaminant at secondary MRSs. In case of metal, the segregated metal is directly 

transported from primary MRSs to reprocessing plants without pretreatment processes.  

 

(a) 
 

(b) 

(c) 
 

(d)  
 

Figure 4.2  Sorting of recycle materials from treatment/disposal facilities in Thailand 
(a) Sorting efficiency of material recovery facility at Phuket incineration, Thailand, 2008  

            (b) Sorting efficiency of material recovery facility at Koh Chang biogas plant, Thailand,  
                 2008 
            (c) Sorting efficiency of scavenging at Landfill, Thailand, 2003  
            (d) Sorting efficiency of material recovery facility at composting plant, Wiang Fang  
                  municipality, Chiang Rai, Thailand, 2007 
 
Sources; (a) Noksa-Nga et al. (2008), (b) Kaewboran et al.(2008), (c) My own calculation based on 
                    PCD et al. (2003), (d) My own calculation based on average data from current operation in 2007 
 

Input to LCA 
 
Regarding LCA input data for MRFs, two parameters - input of material and energy and output 

of materials - are required. The input and output of materials were taken from the mass flows 
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indicated in MFA. To evaluate resource depletion, Table 4.5 provides the input of energy 

including electricity usage from sorting activities. The information of paper recovery was 

derived from an interview with the officer of leading paper production in Thailand. The 

information of glass and plastic recovery were gained from my own calculation based on 

dividing monthly energy (electricity) or fuel with total monthly material input.  

 
Table 4.5 Energy consumption and contaminants of material recovery shops (MRSs) in  
      2007 
 

Thailand Facilities/ 
shops Energy (kWh/t) Fuel (Diesel) (l/t) Contaminants (%) 

Primary  MRSs N/A (Basically, the sorting is executed manually) 3 (for all materials) 
Secondary MRSs    
      Paper a 5.0  N/A 3    
      Glass b 2.8      0.6 1  
      Plastic c 6.4     N/A 0  
      Metal d N/A N/A N/A  
N/A: Not applicable 
Source: (a) Interview officer from Siamkraft Co., Ltd. the leading paper production and the largest paper recycling  
      company 

(b) Interview Managing Director of Kaewkrungthai Co.,Ltd., the largest glass recycle (cullet) dealer in  
      Thailand 
(c) Interview owner of Asia Plastic factory, Thailand (plastic secondary MRSs), 

 (d) Since there is no secondary MRSs existed, the metal material directly transport from primary MRSs to  
       reprocessing factory 
 

To reduce complexity of modeling in this study, all sorting fractions gained from tri-

motorcycle waste collectors, MSW collection crews, and treatment/disposal facilities were 

aggregated. These sorted materials were assumed that they were separated from MSW streams at 

source separation like normal operation in developed countries. The sorting at composting, AD, 

incineration, and landfill (by scavengers), therefore, were negligible based on this assumption. In 

order to address a limitation of the software, primary and secondary MRSs were merged into one 

facility called MRFs in this study. The different secondary materials were transported to 

different MRFs according to their technologies. For example, the sorted plastic was managed in 

plastic MRFs.  

In order to ensure mass conservation, a transfer coefficient taken from percent 

contaminant was used to contribute to the output of MRFs. The output materials were distributed 

to secondary materials and residual waste (contaminants). The target secondary materials were 

transferred to the closest reprocessing manufacturers. The remaining fraction (residual waste) 

was routed to landfill disposal in accordance with conditions stated in the scenario assumption 

(Clause 3.2).  
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Input to FCA 

 
In this section, FCA represents the cost of all activities related to the segregation of secondary 

material from waste streams. The functional unit (cost/tonne) derived from the annual cost of 

recycling activities is divided by total mass (tonne) of collected recycled waste. The various 

costs of recycling operation as defined in Table J.8 (Annex J) were assessed. The summation of 

promotion costs and operational costs of recycling activities was gathered and included into the 

full costs of recycling activities. Eventually, the average cost of different administrations was 

executed according to the weighting concept (Equation 3.1). Table J.3 (Annex J) provides the 

detailed calculation of FCA of municipal recycling activities. 

The staff overhead only with relevance to recycling promotion activities was calculated 

using either budget reviews or interviews with a municipal officer. The shared cost of a non full 

time administrative position was applied. For example, based on interviews with staff from the 

Accounting Department of Ang Thong Town municipality, the Director of Public Health 

Department earned 20,000 Baht/month (400 €/month). According to an interview with the 

Director, he worked for recycling activities about 20% of his total working hours. The shared 

overhead cost of the Director was equal 48,000 Baht/year (960 €/year).  The welfare i.e. 

employee medical cost was derived from annual municipal expense reports. The assumption of 

non-existing recycling activities in rural areas was made according to Kud Khao SDA 

information. The unit cost of recycling promotion of individual administrations was examined 

from the total full cost of recycling promotion divided by the incoming of recycled materials to 

all MRSs situated in target area. Table H.5.1 (Annex H) shows the number of recycled materials 

derived from the MRSs situated in targeted municipalities (PCD, 2004). 

The by-product revenues, which are generated from the sale of secondary materials, were 

integral to the FCA of recycling activities. The detailed information on the amount of secondary 

materials and the revenues per unit was essential for compilation of by-product revenues. MFA 

supplied the quantity of secondary material. The revenue of secondary material (Table 4.6) was 

obtained from the average purchasing price of the largest recycling supply chains in Thailand. 

The weighting of revenue based on percent of material types was used. Due to the lack of 

percent of recycled steel types, the steel was averaged according to all recovered steel types as 

mentioned in Table J.7 (Annex J). 
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Table 4.6 Revenues of secondary materials   
 

Secondary materials Revenue unit (Baht/tonne) Percent of material types 

Paper 5,926 100% 
    Cardboard 4,850 58.2% 
    Newspaper 5,300 9.2% 
    Office (printed) paper 8,000 32.7% 
Glass 1,047 100% 
    Flint cullet 1,400 20.6 
    Amber cullet 950 20.6 
    Green cullet 950 20.6 
    Mixed cullet 950 38.1 
Plastic 777 100% 
    LDPE 600 24.2% 
    HDPE 1,600 18.8% 
    PET 1,000 22.8% 
    Mixed plastic 300 34.2% 
    Light beverage carton (LBC) 3,000 N/A 
Steel 16,824 - 
Compost 1,000 - 

N/A: Not applicable 
Source; Revenue - Wongphanit website dated 4th June 2008 

 Percent of material types; paper taken from Thai consumption ratio (TPIA, 2006), glass and  plastic  
 adapted from den Boer et al. (2005) with neglected contaminant, Compost  product gained from On Nut  
 composting plant, Bangkok, Thailand 
 
Similar to the LCA concept of MRSs, the combination of primary and secondary MRSs 

was assumed for the operational cost. The overhead, maintenance, fuel, utility and equipment 

were obtained from surveys of MRSs in Thailand from August to October 2007. The capital cost 

of land, building, temporary storage area was derived from calculations based on the Thai central 

unit price (Table 4.7). The depreciation of facility and equipment was obtained from the service 

lifetime in Table 3.4. The standard unit cost issued by the Central Accounting Department of 

Thailand6 (CGD, 2001) provides the basic unit of cost.  To achieve the unit cost of capital 

investments, the division of annual full cost by 1.16 t/d average of incoming recycled waste to 

MRSs, which was derived from the 2,388 MRSs countrywide (PCD, 2004a), was applied.  

 

4.2.2 Composting  
 

The composting process uses biological microorganisms to decompose organic MSW 

under controlled aerobic conditions.  The product, compost, can be used on land as soil 

conditioner or to be upgraded to fertilizer with chemical amendments. The composting process 

can be divided into three phases. The first stage is preprocessing whereby the oversized, 

                                                 
6 The latest updated 16 November 2001 

 77



contaminated materials are removed either manually or mechanically using sorting equipment. 

Size reduction and mixing using a shredder or rotary drum are optional for this homogenization 

purpose. To reduce the degree of contaminant, the commingled waste requires a greater degree 

of sorting upstream of the biological stage. In the second stage, microbiology decomposes the 

MSW into simple compounds and generates heat.  

 

Table 4.7 FCA assumption of material recovery facility  

 
Secondary 
MRSs Demand Unit Cost  

(Baht/ unit) Unit  Depreciation 
(years) Reference 

Primary MRSs      Assumed to be integrated into 
Secondary MRSs 

  of which       
    Area N/A m2 500,000 1,600 m2 20 No extra cost because working 

in residential area was assumed 
    Building 300 m2 1,600 Baht/m2 10 Temporary building 
    Equipment N/A unit 200,000 Baht/unit 8 Manual sorting only 
    O&M 30,000 Baht/ 

month 
12 month - Assumed 1 owner (15,000 

Baht/month), 2 employees 
(7,000 Baht/month), Utility 
1,000 Baht/m 

Area 16,000 m2 500,000 1600 m2 20 Interview with MRSs’s owner 
Building 300 m2 4,530 Baht/m2 20 CGD (2001) 
Material 
storage 
(Cement base) 

800 m3 530 Baht/m3 20 CGD (2001) 

Equipment 
(Baler) 1 unit 200,000 Baht/unit 8 Interview with MRSs’s owner 

Equipment 
(Forklift) 

1 unit 400,000 Baht/unit 7 Interview with MRSs’s owner 

O&M 100,000 Baht/ 
month 

12 month - Assumed one owner (25,000 
Baht/month), 10 employees 
(7,000 Baht/month), Utility 
5,000 Baht/month 

Note: Primary MRSs and secondary MRSs were merged. O&M means Operation and Maintenance  
Source; Based on survey of primary and secondary MRSs (2008), Surat Thani, Thailand  
 

 
There are several composting processes, from simple to complex methods, which are 

currently employed such as windrow, forced aeration7 and using vessel systems (US.EPA, 

1994). The intensive decomposition must be maintained by controlling temperature, moisture 

content and aerobic conditions. In the final stage, the slow decomposition rate takes place in the 

maturation process (curing) to ensure the stability of the compost product. The period of the 

curing phase varies according to technology and composition of feedstock. The material derived 

                                                 
7 Also called aerated static pile.  
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from the intensive composting process usually piles up and turns occasionally until the 

stabilization is completed.  

In Thailand, commingled MSW is basically used for composting. The prescreening and 

post screening are necessary to reduce contaminants in compost product. The simple degradation 

technology such as windrow is normally performed. Since there are two different inputs- source 

separated organic waste and commingled waste- to composting process according to the set up 

scenarios in this study, two different composting conditions are presented in this section. 

 

Input to MFA 
 

a) Commingled MSW input 
 
With disregarded influence of technologies to compost product, the windrow composting of the 

Wiang Fang township municipality, Northern Thailand was used to represent composting made 

from commingled MSW in Thailand. The current operational data of composting plant provides 

the ratio of input flow to the end product (Figure 4.3a).  

 

 
 

(a) 
 

 
 

(b) 
 
Figure 4.3   Material flows of composting process 
                    a) Commingled MSW input: Wiang Fang township municipality,  

 Chiang Rai province, Thailand  
                    b) Source separated organic waste input: den Boer et al. (2005) 
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Two sorting processes, such as manual sorting for recyclable materials and mechanical 

screening performed prior to composting. The data on the manual sorting unit was obtained from 

the composting plant (Figure 4.2d). The oversize fraction (residual waste) of mechanical 

screening was estimated from the average monthly mass balance of February to May 2007. The 

segregated recyclable materials were transferred to primary MRSs. The electricity and diesel 

consumption were derived from monthly report of actual operation of the Wiang Fang 

composting plant. After the completion of composting process with four turning frequency per 

batch (45-60 days), the matured compost was finally screened to separate contaminants from the 

compost product. The both screened residues from mechanical pretreatment and fine screen were 

disposed of at landfills.   

 
b) Source separated organic waste input 

 
Most compost from MSW in Thailand is produced from commingled MSW. As a result, 

information regarding composting made from source separated organic waste as an assumption 

for composting in rural areas is lacking. Disregarding the influence of technology, the mass flow 

of organic waste composting, which was derived from den Boer et al. (2005) where organic 

waste composed of 50% garden waste and 50% bio-waste is decomposed by box composting 

with two-stage degradation (intensive composting and maturation stage) was employed to 

represent home composting operation. Figure 4.3b provides the relation of mass flow to the end 

product of source separated organic waste composting. The electricity and diesel consumption 

were negligible because simple windrow composting method was assumed.  

 
Input to LCA 
 

The model presents biological conversion resulting in emission to air, water, and soil. The 

program employs process-specific (per tonne of waste processed) material, energy, and 

emissions. The composition of waste is essential for the assessment of degradation. Transfer 

coefficients are used to transfer the non-degraded part to output (EASEWASTE, 2007). In this 

section, two subsections are provided according to input materials 

 
 a) Commingled MSW input 
 

To assess the emission from the composting process, degradation is required. The 

degradation rate was obtained from the program dataset for windrow composting (Table G.1.1, 

Annex G). The degraded C and CO2 emission to the air are quantified by the model using the 

specified degradation percentages of volatile solid contents (VS). In this study, the distribution of 
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carbon compounds and nitrogen compounds as well as amounts of methane presented from 

anaerobic conditions during composting was defined. The resource demands for processing 

obtained from real plant operations were also specified. Table 4.8 summarizes information for 

assessment of the composting process. 

The decomposition of MSW input (residual waste) in intensive composting and 

maturation processes results in air and water emissions. Hence, bio-filter, the most common air 

purification unit, is used in the composting process in developed countries. Since the installation 

of air purification units is not obligatory through the Thai legislation, there is no composting 

plant equipped with any air treatment unit in Thailand. The direct emission of decomposition gas 

was assumed.  

The two outputs - inert materials and composts from the composting process - were 

specified. The percent total solid (TS) of compost product was defined based on Wiang Fang 

compost production. The TS of residual waste was derived from composition sheet (Table C.2, 

Annex C). In addition, the distribution of total solids after degradation was required to represent 

the transfer of substance to the defined output. The screening distribution was used to separate 

the compost product and residual waste. The screening efficiency was estimated from the 

composting plant in Treviso, Italy (EASEWASTE dataset). In terms of output management, the 

assumption of landfill disposal was made for inert materials. Compost products were used as a 

substitute for fertilizers and peat in garden.  

 
Table 4.8 Inventories of composting process 

 
Information Value Unit Source 

Resource demand 
Electricity   5.6 kWh/t waste input Wiang Fang plant, Chiang Rai, Thailand 
Diesel   1.3 L/t waste input Wiang Fang plant, Chiang Rai, Thailand 
Distribution of Carbon& Nitrogen 
   Nitrogen lost 50% % nitrogen input EASEWASTE dataset, Herning, DK 2004 
 Emission to air 
      CH4 3% % degraded carbon den Boer et al. (2005) 
      NH3 96% % nitrogen lost den Boer et al. (2005) 
      N2O 2% % nitrogen lost den Boer et al. (2005) 
      N2 2% % nitrogen lost den Boer et al. (2005) 
Total solid of output 
Compost product 77.2% %TS  Wiang Fang compost product (Lab test on 7th 

February 2007)   
Residual waste 69.6% %TS My own calculation based on MFA model 

(Table C.2, Annex C) 
Distribution of TS after 
degradation 

EASEWASTE 
dataset  

%TS Easewaste dataset, Treviso, Italy with 
combination of first and second screen fractions 
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In EASEWASTE program, the emissions from using compost were determined in a sub-

model - material utilization category. The sub-model accounts for the emissions to air, water, 

soil, and substitution of avoided fertilizer product. Unlike material recycling, chemical 

composition, water content of material fraction in the input waste, and leaching profiles are used 

to calculate the impact of compost utilization. The chemical composition is calculated by the 

software. The moisture content was assumed to be equal to Thai composting standard (65% 

Total Solid (TS) (DOA, 2005)). Since the data of the receiving compartments (air, surface water, 

and soil leaching) in Thailand were deficient, the dataset of nitrogen (N), phosphorous (P), and 

potassium (K) and peat substitution from the model was used. The default data are based on 

typical Danish scenarios (Christensen et al., 2006b). The leaching profile distributed emissions 

as 50% stored water and 50% stored soil.   

The credit from the substitution of compost to commercial fertilizer was also taken into 

account. According to the recommendation in dataset, 28% mass substitution of peat by compost 

was assumed. The estimation is performed based on volume basis where one m3 of peat is 

substituted by one m3 of compost. Substitution on a mass basis is then calculated using the 

different densities. The input material and energy were chosen from external processes. In this 

study, average production of NPK fertilizers in Europe was defined to assess avoided fertilizer 

production. Table 4.9 presents the substitution of compost to commercial fertilizer. The nutrient 

contents (not linked to the actual composition of compost in the study) were taken from the 

laboratory results of Wiang Fang compost production in 2007. Utilization coefficients for N, P, 

K contained in compost in associated with nutrients in compost are used to calculate the amount 

of N, P, K replaced in commercial fertilizers. 

 
Table 4.9 Substitution of compost to commercial fertilizer   
 

Substitution Nutrients in Compost 

a (%) 
Utilization coefficients of NPK 

contained in compost b
Substitution rate 

(kg/t compost) 
N-fertilizer 1.43 20% of N content   2.9 
P-fertilizer 0.48 100% of P content 4.8 
K-fertilizer 1.09 100% of K content 10.9 

Source;  a Nutrient in compost taken from Laboratory result of Wiang Fang compost product dated 10th May 2007 
                  tested by Institute of science and technology research, Thailand 
  b Utilization coefficients recommended by Christensen et al. (2006b) 

 
b) Source separated organic waste input 

 
In this study, source separated organic waste was assumed to present the input to home 

composting in rural areas. To assess the emission from the composting process, degradation rate 

of organic fractions was defined as indicated in Table G.1.1 (Annex G). The distribution of 
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carbon compounds and nitrogen compounds as well as amounts of methane presented from 

anaerobic conditions during composting was similar to commingled MSW input (Table 4.8). 

Nevertheless, the resource demand was negligible because manual composting was performed. 

The natural air and water emissions from decomposition of organic waste were assumed.  

The chemical composition of compost output from the composting process - was 

determined by the program in accordance with the chemical composition of input. Similar to the 

assumption of commingled MSW input, 65% TS of compost product based on Thai composting 

standard (DOA, 2005) was used to define moisture content. In terms of output management, 

compost products were used as a substitute for fertilizers and peat in garden. The emissions from 

using compost were determined as indicated in composting of commingled MSW where the 

dataset of nitrogen (N), phosphorous (P), and potassium (K) and peat substitution from the 

model was used.  The credit from the substitution of compost to commercial fertilizer was also 

taken into account. The similar assumption as composting of commingled MSW was used (Table 

4.9). The average productions of NPK fertilizers in Europe were defined to assess avoided 

fertilizer production. The nutrients were taken from the laboratory results of Wiang Fang 

compost production in 2007. 

 
Input to FCA    

 
FCA represented the cost of all activities related to the production of compost. Since composting 

in rural areas is performed with home-composting conditions where simple windrow in 

association with agricultural equipment is used, the expense of home-composting is not 

considered in this study. Therefore, the terms of annual cost per tonne input to only the 

centralized composting plant in municipal areas were used. The various costs as indicated in 

Table 3.3 were assessed. The summation of investment and operational costs accounted for the 

full cost of composting activities. The revenue of compost production was integral.  

Cost information about composting in Thailand is rare. The annual budget of the On Nut 

composting plant situated in Bangkok was chosen to represent composting activity in Thailand. 

The cost of management only with relevance to composting activities, i.e. staff overhead, 

materials, etc. were calculated from the annual budget of 2005 (BMA, 2005). Since the annual 

budget provided the total cost of MSW management in Bangkok area, about 7.4% ratio of MSW  

to composting was used to quantify the shared cost of composting. Table J.4 (Annex J) provides 

the detailed calculation of FCA of composting. 

BMA subcontracted composting plant operations to a private company with an annual 

lump sum of 93 MBaht/y (1.9 M€/a). With these costs, the whole capital cost of the facility as 
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well as equipment costs were integrated. The maintenance and operational cost including the 

disposal of residual waste were determined. To avoid double accounting, the cost of residual 

waste disposal was subtracted from the annual subcontracting budget and was consolidated to 

landfill activity. 

This study omitted by-product revenues. The main reason is that revenue from the sale of 

compost product was subjected to the subcontractor’s account according to the contract made 

between the selected municipality and subcontractor.     

  
4.2.3 Anaerobic digestion (AD)  

 
The alternative treatment of biodegradable MSW is anaerobic digestion (AD). This method 

decomposes organic fraction of MSW under anaerobic conditions. Subsequently biogas, a 

mixture of mainly methane (CH4) and carbon dioxide (CO2), is produced. AD not only provides 

energy but also produces usable by-products i.e. compost.  

Digestion technology can be divided into wet and dry processes. The wet method is 

typically performed with a water content of 10-15% TS. To increase water content in MSW, the 

co-digestion with liquid substrate i.e. manure, sewage sludge can be executed. The dry concept 

operated with 25-40% TS is able to use MSW as a main feedstock of digestion process. The 

single or double stage reactors are used for both digesting technologies. Despite higher gas yield 

and lower hydraulic retention time (HRT) in double stage, the capital cost for the additional step 

increases enormously. In addition, the digestion process is accomplished either by thermophilic 

or mesophilic conditions. Owing to the advantage in faster degradation, destruction of pathogens 

and a higher biogas yield, thermophilic decomposition has become a more common used 

technology (BSWA and IDNR, 2004). 

 In Thailand, the one-stage wet process is normally operated. The commingled MSW is 

the feedstock of digesting process. Even though thermophilic condition is employed for 

digestion, the low yield of biogas generation is obvious. Thus, the electricity generation from 

biogas recovery can be used onsite only (Kaewboran et al., 2008). 

 
 Input to MFA 

 
In this research, process specific information for the one-stage wet digestion in Thailand was 

gained from a 30 t/d biogas plant from the Koh Chang SDA, Trad province located in the 

Eastern part of Thailand (Figure 3.3). Figure 4.4 indicates mass balances and energy balances of 

the biogas plant. Commingled MSW was an input of the process. The contaminants and 

recyclable materials were sorted out manually along a conveyor and were forwarded to landfill 
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disposal and secondary recycling shops, respectively. The sorting efficiency of recycled waste 

was gained from MRFs (Figure 4.2b). The reused water from the dewatering process was fed 

back into the reactor to increase moisture content.   

 In terms of credit of energy production and potential compost production, all electricity 

produced from the process was used onsite only. The dewatered digestion sludge was used as a 

soil conditioner on land. The wastewater was treated onsite. 

 

Input to LCA  

 
To assess emissions from the AD process, the program requires percent degradation of volatile 

solid contents (VS) to determine the biogas production. In this study, the dataset of 

EASEWASTE 2008 provided the degradation rate (Table G.2.1, Annex G) and the two percents 

unburned methane. MFA provided the mass input and output of the AD process. The methane 

content (%CH4) in biogas and emission inventory was taken from the Koh Chang biogas plant, 

Trad province, Thailand (Kaewboran et al., 2008).  Table 4.10 summarizes the information for 

assessment. 

 

 
 
Figure 4.4 Material flows of anaerobic digestion, Koh Chang SDA, Trad province,Thailand   
Source; Kaewboran et al. (2008) 
 

 85



The percentage of energy recovered and type of energy substitution, i.e. coal, gas, or 

energy mix are important in impact assessments that credit produced electricity from biogas 

production. In this study, the substitution of the Thai electricity production was specified in 

biogas treatment. The external process of Thai electricity production was obtained from LCI of 

Thai electricity grid mix (TEI, 2000). The 14% electricity generation recovered from the 

generator was defined in line with the calculations of real operations at the Koh Chang biogas 

plant. There was no delivery of heat production in Thailand. The heat recovery was, therefore, 

omitted.  Besides, energy recovery, compost – a by-product of the AD process – showed the 

credit from avoided production of commercial fertilizer. The concept of fertilizer substitution 

was taken as indicated in the compost process (clause 4.2.2).   

 

Table 4.10 Inventories of anaerobic digestion (AD) plant, Thailand 
 

Information Value Unit Source 
Biogas yield 100 Nm3/t input Interview staff of Rayong biogas plant  
Biogas heating value 20-25 MJ/Nm3 Interview staff of Rayong biogas plant  
Methane content  52.8% % of biogas produced  Kaewboran et al. (2008) 
Unburned methane   2 % of CH4 produced Dataset, EASEWASTE  2008 
Degradation  Dataset % of degradation 

biogas 
Dataset, EASEWASTE  2008 

 
Energy  recovery 
Electricity recovery 14% % of potential energy 

generation 
My own calculation based on 88.42 kWh/t input 

electricity recovery, used heating value 22.5 
MJ/Nm3

Heat recovery  N/A % of potential energy 
generation 

Heat recovery is not performed, Koh Chang 
biogas plant, Trad, Thailand (Kaewboran et 

al.,2008) 
Unburned methane   2 % of CH4 produced Dataset, EASEWASTE  2008 
 
Input (materials and energy) 
Electricity 89 kWh/t input Koh Chang biogas plant, Trad, Thailand  

(Kaewboran et al.,2008) 
Diesel  0.05 L/t input Interview staff of Rayong biogas plant 
 
Output (materials) 
Digesting residue output 70.1% %output 
Residual waste output 29.9% %output 

Koh Chang biogas plant, Trad, Thailand  
(Kaewboran et al.,2008) 

Solid content of 
digesting residue 

62.0% %TS My own calculation based on MFA model 
(Table C.2, Annex C) 

Solid content of residual 
waste 

 69.6% %TS Assumed similar to residual waste from compost 
process (Table 4.8)  

 
Output (air emission) 
Methane (CH4)  9.14 kg CH4/t input 
Carbon dioxide  (CO2)     49.6 kg CO2/t input 
Nitrogen oxides (NOx)       1.38 kg NOx /t input 
Sulfur dioxide (SO2)    0.042 kg SO2/t input 
Carbon monoxide (CO) 0.153 kg CO /t input 

 
Koh Chang biogas plant, Thailand 

(Kaewboran et al.,2008) 
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The distribution of total solids after degradation represents the transfer of substance to the 

defined output. The outputs (mass and solid contents of dewatered anaerobic digested sludge and 

residual waste) thus, were defined based on mass balance and physical composition of MFA 

modeling. In terms of output management, the dewatered digested sludge was provided to 

villagers without maturation process. The effect of continual degradation in arable land was 

neglected in this research. Thus, the use of digested sludge with fertilizer and peat substitution 

was assumed with details similar to material utilization of compost.   

 
Input to FCA 

 
FCA accounted for the cost of all activities related to AD activity. The annual cost per tonne 

input to the AD process as indicated in Table 3.3 were assessed based on the operational data of 

the Rayong biogas plant in 2007 which has an capacity of 90 t/d. The investment and operational 

cost as well as revenue of by-product were taken into consideration.  

Since details of management cost and other costs relevant to AD activities, i.e. staff 

overhead, materials, etc. in Thailand were not provided, the information was provided from 

interviews with municipal staff and reviews of the annual municipal budget. The Rayong 

municipality subcontracted the operation of the AD plant to a private company. The annual 

budget of 11.1 MBaht/y (0.2 M€/y) was quantified based on MSW input to reactors as indicated 

in Table 4.11. The contract included maintenance costs. In accordance with capital costs, 60 

MBaht (1.2 M€) land cost and 219 MBaht (4.4 M€) facility cost were presented. These costs 

were depreciated with a 20-year service lifetime according to Table 3.4. The other investments to 

initiate facility (predevelopment) i.e. public participation, hiring consultant for technology 

selection were negligible due to a lack of data provided. To avoid double accounting, the cost of 

residual waste disposal was subtracted from the annual subcontracting budget and was added to 

the landfill’s account. 

With regard to revenue from by-products, the sale of electricity, secondary materials, and 

compost product was subjected to the subcontractor’s account. Thereafter, the subcontractor paid 

back the revenue to the municipality at the annual rate of 2 MBaht/a (0.4 M€/a) according to the 

contract (Table 4.11). Thus, the revenue fee was taken into the FCA account of AD activities. 

Table J.4 (Annex J) provides the summation of FCA calculations as well as calculation 

references of AD. 
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Table 4.11 Information of biogas subcontracting 
  
Input materials Mass input to AD 

(tonne) 
Cost  

(Baht/tonne) 
Remarks 

Bio-waste 20 190 Average input mass 
MSW 63 420 Mass input  90% of average MSW input (70 t/d)  
Revenue  N/A 2.0 MBaht/y Subcontractor paid annually to municipality.  
Source: Interview staff of Rayong municipality (2007), Rayong province, Thailand 

 
4.2.4 Incineration   
 

Incineration, as defined in the Directive 2000/76/EC on the incineration of waste, is a technical 

unit and equipment dedicated to the thermal treatment of wastes with or without recovery of the 

combustion heat generated (EC, 2000). The primary purpose of incineration is to reduce volume 

and weight. Reduction of up to 90% by volume and 70-75% by mass has been reported 

(Mcdougal et al., 2001). Secondly, the residual form of MSW after combustion is stable, which 

leads to reduced organic fractions and pathogens prior to being landfilled. Thirdly, combustion is 

able to recover energy. Heat and electricity are enhanced by a combined heat and power (CHP) 

unit.  

With enormous improvement in emission treatment, the incinerators are employed 

broadly on the European continent (Rylander and Haukohl, 2002). Moreover, the growing 

concern for the environmental impact of the landfilling of biodegradable MSW has directed 

Germany, followed by the EC to enact the requirement of the stabilization of MSW prior to 

landfilling- TASi (1993) and EC landfill directive 1999/31/EC respectively (BMU (2006c), EU 

(1999)). To meet the obligation, not only the declination of landfill sites is obvious but also the 

incineration demand is boosted (MVR, 2006). In Europe, there are approximately 467 large scale 

incinerators (EC, 2006). In Germany, there were 66 waste to energy plants (WTE) operating in 

2005 (BMU, 2005) which seized approximately one-third of residual waste management. All 

thermal treatment facilities were equipped with energy recovery which led to the generation of 

0.6% of the total electricity generation in Germany (Bilitewski and Schirmer, 2005).   

Municipal incinerators are divided into the thermal unit and the flue gas cleaning 

processes. Waste handling, feeding, combusting as well as heat recovery with steam and 

electricity production all fall into the first part. Basically, grate firing and fluidized bed 

incineration systems are used for the incineration MSW: the grate incinerator uses grates to 

transport the waste through the furnace, whereas the waste for fluidized bed incineration is 

continuously fed into the inert particles (i.e. sand) bed where is fluidised with preheated air. In 

general, the operation of incineration must have a controlled minimum temperature of 850oC for 

at least two seconds residence time in accordance the EC directive in incineration of waste (EC, 
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2000). This legislation aims to ensure the complete destruction of harmful organic chemicals 

during combustion. In the second part, flue gas cleaning, the incinerator is generally equipped 

with the emission treatment, for instance, an electrostatic precipitator for particle control, a 

scrubber for acid gases control, a filter and coke absorber for dioxins control and a selective 

catalytic reduction unit (SCR) for NOx control.  

 In Thailand, there are three incinerators for MSW operating with a capacity of 0.15 Mt/a 

(0.8% of total MSW generation). The largest is a 250 tonne/d grate incinerator of the Phuket 

municipality in Southern Thailand. It is the only incinerator operating with energy recovery. 

Operational data for the year 2005 of this incinerator was, therefore, used to represent MSW 

incineration in this study.  

Input to MFA   
 
The incineration process of Phuket incinerator started with the sorting line, which was performed 

at the beginning of the process. The distribution of recycled materials from sorting is presented 

in Figure 4.2a. All solid residues gained either from sorting or combustion were disposed of at an 

onsite landfill. The sorting characteristics and energy consumption as well as mass flows are 

shown in Figure 4.5. The plant was equipped with a bag house filter and dry scrubber to control 

flue gas emissions8. The heat of flue gas was converted into steam and produced electricity via a 

turbine generator. The surplus of 43.49 kWh was exported to the national grid (Noksa-Nga et al., 

2008).   

 

Figure 4.5  Material flows of incineration, Phuket incinerator, Phuket province, Thailand   
Source:  Adapted from Noksa-Nga (2008)  

                                                 
8 Phuket municipality website available at  http://www.phuketcity.go.th/html/incinerator/pm_inc00_e.html  
9 The number was recalculated from original one  tonne of  MSW (combined waste to incinerator and waste  
    to landfill) based on Noksa-Nga et al. (2008)  to one tonne of residual waste input to incinerator. 
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Input to LCA   
 
The model represents the thermal conversion of waste resulting in emissions to air, solid outputs, 

and energy production. The software calculates the emissions based on chemical composition, 

water content, and calorific values of the material fractions presenting in input. The credit of 

energy production recovered from the thermal treatment is specified to provide an efficient 

evaluation of saved resources and emissions. 

 An operation of 250 t/d at the Phuket incineration plant in Southern Thailand was 

employed as a reference site in this study. The mass balance from MFA provided important data 

for modeling. The resources used and emission inventory (Table 4.12) were taken from Noksa-

Nga et al. (2008). Transfer coefficients used to link substances between input and output were 

obtained from the software dataset (Herning incinerator, EASEWASTE 2008). 

 
Table 4.12 Inventories of incineration plant, Thailand   
 

Information Value Unit Source 
Input (materials and energy)    
Electricity 60.2 kWh/t input 
Diesel10 0.42 kg/t input 
Input (resources and 
materials) 

  

NaOH   0.026 kg/t input 
Lime 6.54 kg/t input 
Water (Public water work, DK) 356 kg/t input 

 
 
 

Phuket incinerator, Phuket, Thailand 
(Noksa-Nga et al., 2008) 

 

Output (materials and energy)    
Heat recovery       N/A - No heat recovery performed in Phuket 

incinerator 
Output (air emission)    
Carbon dioxide  (CO2)-
Biogenic carbon     

152.20 kg CO2/t input Calculation of emission based on IPCC (2006) 
(Table G.3.2, Annex G) and 71% of emission 
was biogenic carbon (own calculation- MFA 

modelling)  
Carbon dioxide  (CO2)- 
Fossil carbon     

62.17 kg CO2/t input Calculation of emission based on IPCC (2006) 
(Table G.3.2, Annex G) and 29% of emission 
was biogenic carbon (own calculation- MFA 

modelling)  
Nitrogen dioxide (N2O)       0.05 kg N2O /t input Calculation of emission based on IPCC (2006)   
Unspecified dust (TSP) 0.049 kg TSP/t input 
Nitrogen oxides (NOx)        1.13 kg NO2 /t input 
Sulfur dioxide (SO2)    0.016 kg SO2/t input 
Carbon monoxide (CO) 0.35 kg CO/t input 
Hydrogen Chloride (HCl) 0.024 kg HCl/t input 
Dioxin 5.06E-07 kg/t input 

 
 

Phuket incinerator, Phuket, Thailand 
(Noksa-Nga et al., 2008) 

 

Transfer coefficients Obtained from Dataset 
 

Incineration, Grate furnace, Taastrup, DK, 2003 
(EASEWASTE 2008 Dataset) 

Electricity recovery 4.9% % of LHV Own calculation based on LHV from MFA 
modeling and electricity production 103.8 kWh 

(Noksa-Nga et al., 2008) 
 

                                                 
10 Diesel density 0.84 kg/l 
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The outputs (bottom ash and air pollution control (APC) residues) were defined in line 

with TS gaining from the dataset of the grate furnace incinerator (EASEWASTE 2008 dataset). 

The bottom ash was assumed to be disposed of as landfill mineral waste, where the dataset was 

attained from the software. The percentage of energy recovery and type of energy substitution, 

i.e. coal, gas, or energy mix are important in impact assessments in terms of energy credits. In 

this study, the substitution of the Thai electricity grid mix was specified. There was no delivery 

of heat production in Thailand. The heat recovery was, therefore, neglected in this study.   

 
Input to FCA 

 
FCA represented the cost of all activities related to incineration. The terms of annual cost per 

tonne of input to the incineration process were used. The summation of investment and 

operational costs accounted for the full cost of incineration activities. The revenue of electricity 

recovery was integral.  

The full cost of operating incinerators in Thailand was determined based on the operation 

of the Phuket incineration plant. The cost of management only with relevance to incineration 

activities (i.e. staff overhead, materials, etc.) were examined from the annual budget of the 

Phuket municipality in 2007 (Phuket, 2007). The quantification was executed based on the 

shared cost concept (Table J.4, Annex J). To operate incinerators, the Phuket municipality hired 

subcontractors with an annual lump sum cost. The annual operation and maintenance, however, 

was charged to the municipal account. In addition, incineration requires changing parts every 4 

years. This cost was depreciated into maintenance costs.  

According to capital cost, the government invested 788 MBaht (15.8 M€) for the 

construction of the Phuket incinerator in 1999. Despite the 18,400 sq.m land gained from 

donation, the land cost was included in this study according to the FCA concept. The similarity 

of land cost (500,000 Baht/1,600 sq.m.) with other treatment facilities was applied. 

Predevelopment was negligible due to lack of data. The facility and land were depreciated with a 

20-year service life according to Table 3.4. To avoid double accounting, the cost of residual 

waste disposal was subtracted from the annual subcontracting budget and was subjected to the 

landfill’s account. 

With regard to the by-product revenue of incineration, the sale of surplus electricity was 

determined. The average cost (1.7 Baht/kWh) of electricity exported to the national grid mix was 

used to quantify the revenue (Thongsathit, 2005).   
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4.2.5 Sewage sludge treatment  
 
Sludge is composed of by-products collected at different stages of the wastewater treatment 

process. Sludge originates primarily from the urban wastewater (including sewerage) treatment, 

industrial wastewater treatment, and water supply production (EC, 2001). Sludge is usually 

treated before disposal or recycling in order to reduce its water content, its fermentation 

propensity or the presence of pathogens. Several treatment processes exist, such as thickening, 

dewatering, stabilisation and disinfection, and thermal drying. The sludge may undergo one or 

several treatments. Once treated, sludge can be recycled or disposed of using three main routes: 

recycling to agriculture (landspreading), incineration or landfilling.  

 

Table 4.13 Night soil generation in Thailand  
 
Night soil Population11

(Million cap.) 
Night soil generation rate12 

(l/cap.y) 
Treatment  

(%) 
Total sludge mass 

(%TS) 
BMA 5.66 30.4 100 20 
Municipalities 12.48 30.4 4.3 20 
Rural area 44.28 30.4 0 20 
Source:  My own calculation based on Stoll and Parameswaran (1996)     

 

In Thailand, the treatment and disposal of sewage sludge (a combination of night soil and 

municipal wastewater sludge) are included in the municipal responsibilities, while the sludge that 

originates from industry and water supply plants is handled by industrial waste legislation (MOI, 

2005). Basically, the night soil sludge generated in Bangkok and some city municipalities is 

collected by tanker trucks and is treated with biological processes. The rest is disposed of under 

untreated conditions. Table 4.13 shows the night soil generation rate and percent of treatment at 

various administration levels. In terms of the management of wastewater sludge (WWS), Table 

4.14 presents the wastewater generation rate in Thailand based on 87 municipal wastewater 

treatment facilities countrywide. It is remarkable that seven wastewater treatment plants 

operating in Bangkok area account for about two-thirds of national treatment volume. In total, 

only 20% of the estimated nationwide wastewater is treated (PCD, 2003). According to treatment 

technology, biological treatment is generally employed.  

 

 

 

                                                 
11 Population from Thailand statistical report 2006 (NSO, 2006a) 
12 The sewage sludge generation rate according to BMA data was assumed to be representative for  other  
    municipalities. 
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Table 4.14 Wastewater sludge generation, Thailand  
 
Wastewater sludge Wastewater input  

(Million m3/y) 
Sludge ratio (kg(dry)/ m3 

wastewater input) 
Total sludge mass 

(dry) (t/y) 
BMA 363.1 0.11 40,000 
Municipalities  166.9 0.11 18,386 
Source:  My own calculation based on PCD (2003) 

 

Input to MFA 
 
In this research, Table 4.13 and Table 4.14 were used to analyze the flows of sewage sludge 

generated from night soil and wastewater treatment. The night soil generation rate and 

population living in local administrations played an important role in the total night soil sludge 

volume. To convert night soil volume to mass unit, a similar solid content (%TS) was assumed 

for quantification of mass of night soil generated in BMA, municipalities and rural area.  

With regard to wastewater sludge calculation, the wastewater input to wastewater 

treatment plants as well as sludge ratio was necessary (Table 4.14). The sludge ratio was 

estimated from the wastewater input and sludge generation based on the report of Bangkok 

wastewater treatment plant (BMA, 2005a). Since the sludge generation of municipal wastewater 

treatment plants is destitute, the sludge ratio of Bangkok was assumed for municipal wastewater 

sludge calculation. 

In terms of sludge management, sewage sludge recovery is merely utilized. Basically, the 

treated sewage sludge generated from night soil and wastewater treatment plants is collected 

separately from MSW and is disposed of at a landfill. In this study, the disposal of sewage sludge 

at landfills was therefore assumed. For untreated sewage sludge, direct land dispersion was 

performed. 
 

Input to LCA  
 

The sewage sludge was defined as another MSW with regard to different collection schemes and 

characteristics. The assumption of treated and untreated sewage sludge management, as made for 

the MFA, was also used in the LCA assessment.  

The treated sewage sludge was directed to engineered landfills because only BMA and 

city municipalities can facilitate both sewage sludge treatment and engineered landfills. The 

open dumping condition was selected to represent the current practice for the disposal of 

untreated sewage sludge in Thailand. The treatment or disposal technologies as described in the 

sub-models section were used to assess the environmental impact. The material utilization was 

omitted from consideration according to existing sewage sludge management.   
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   Input to FCA 
 
FCA represented the cost of all activities related to collection, treatment, transportation, and 

disposal of sewage sludge because the scope of this research did not account for the treatment 

unit. The information of the construction of treatment facility is deficient. Therefore, the 

investment was negligible. The sewage sludge management in 2005 of Bangkok metropolitan 

administration and in 2007 of Ang Thong municipality located in Central Thailand was used as a 

reference for the basis of calculation.   

 The calculation cost of sewage sludge management was made with regard to the sum of 

management costs, truck investment, operation and maintenance, and disposal costs. Due to lack 

of information, the management cost was considered according to the calculation of the shared 

costs of staff overhead. The depreciation of truck investment was gained from truck costs (Table 

4.3) and service lifetime (Table 3.4). The operational and maintenance costs of collection and 

transport were assumed based on hauling twice per day. The conversion from volume (m3) to 

mass (tonne) unit was determined in line with the percent of solid content of sewage sludge as 

mention in MFA section. To avoid double accounting, the cost of sewage sludge disposal was 

subjected to landfill activity. Free of charge of land disposal of untreated sewage sludge was 

assumed based on the real operations. Table J.6 (Annex J) provides the calculation of FCA of 

sewage sludge management. 

 
4.3 Disposal methods 
 
Disposal refers to the final handling of solid waste that follows after collection, processing, or 

incineration. Disposal often means placement of wastes in a dump or a landfill (UNEP-IETC, 

1996). Basically, the advantage of disposal is its ability to deal with all types of MSW, either 

pre-treated waste from MBT or incinerator to rejected material from the recycling sector.  In this 

section, the modeling of the disposal method, such as the management of unspecified waste and 

landfilling, are described.  

  
4.3.1 Disposal of unspecified waste 

 
In developing countries, MSW collection especially in rural areas is likely to take place only in 

minor quantities. The lack of local municipal service leads to self-MSW disposal. Open-burning 

and leaving on the ground are a common practice for such uncollected residual waste. Open 

burning of waste can be defined as the combustion of unwanted combustible materials where 

smoke and other emissions are released directly into the air without passing through air pollution 

 94



control units. Open burning and leaving on the ground of waste are sources of greenhouse gas 

emissions and soil contaminants (IPCC, 2006). With regard to FCA, the estimation of the full 

cost of open burning was disregarded because no cost related to the operation was assumed. 

 
 Input to MFA 
 
In Thailand, the uncollected residual waste accounted for 36% (6.5 Mt/y) of the total MSW 

generation in 2005 (Table 2.2). Basically, open-burning and leaving on the ground are employed 

for the disposal of such residual waste. Since the data of open burning in Thailand is obviously 

destitute, the US.EPA report on the evaluation of emissions from the open burning of household 

waste was utilized (Lemieux, 1997). The mass lost from the combustion of household waste in 

barrels is presented in Figure 4.6 where the mass flow of open burning in Thailand was assumed. 

Furthermore, recycling activities are rarely practiced in remote areas. Consequently, the non-

recycling activity in such areas was assumed according to actual operations.    

 
Input to LCA 

 
This section presents the thermal conversion of unspecified waste where open burning is 

performed. This condition results in significant emissions to the air and solid outputs. In LCA 

modeling, TCs of combustion played an important role in the calculation of output distribution 

(Table G.4.1, Annex G). In this study, the TCs of selected substances of thermal treatment 

technology derived from EASEWASTE dataset were applied. Nevertheless, TCs of carbon and 

ash were obtained from IPCC (2006) and Lemieux (1997) respectively. 

 

 
Figure 4.6  Material flows of  unspecified waste disposal    
Source; US.EPA (Lemieux, 1997) 
  

To present the open burning condition where APC units were disregarded, the emission 

to air compartment and to flue gas (APC units) from TC of grate fired incineration of Phuket 

incineration was consolidated (Equation 4.4). The bottom ash taken from the EASEWASTE 

dataset of incineration was defined as the unburnable fraction, which was further disposed of on 
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the ground. The dataset of landfill mineral waste without leachate collected was used for the 

residue disposal. 

TCE-OPB = TCE-INC  + TCE-APC       (4.4) 

where  TCE-OPB = Transfer coefficient of emission to air of open burning  

  TCE-INC  = Transfer coefficient of emission to air of incineration 

TCE-APC = Transfer coefficient of emission to APC residues of incineration 

 

The additional emissions were specified based on the output of specific emissions to air 

compartment and soil contamination (Table 4.15). The environmental burden was derived from 

the experiment of open burning of household waste in barrels (Lemieux, 1997; Lemieux et al., 

2004) as well as the IPCC guidelines for National Greenhouse Gas Inventories (IPCC, 2006).  

The dioxin either emitted into the air or in burning residue was determined based on the latest 

standard issued by the World Health Organization (WHO) in 2005 (Van den Berg et al., 2006). 

 
4.3.2 Landfill 

 
Landfill as defined by the Directive 1999/31/EC on the landfill of waste means a waste disposal 

site for the deposition of the waste onto or into land (EU, 1999). Landfilling is the only facility 

that can handle not only all materials in MSW streams, but also residue from other treatment 

processes, i.e. bottom ash from incineration. The principal concept of landfilling is the 

processing of residual waste on land in a manner that protects human health and the 

environment, although this facility is argued to be considered as a waste treatment process 

because the process involves biological composition (McDougall et al., 2001). In this research 

study, rather, landfilling is classified as the final disposal method according to the EC directive 

on waste (EU, 2006b).  

This research study is distinguishing between controlled and uncontrolled landfills sites. 

For the controlled site the term “Sanitary landfill” is often used to describe an engineered method 

in which the disposing of the waste meets most of the standard specifications, including site 

locating, extensive site preparation, proper leachate and gas management and monitoring, 

compaction, daily and final cover, complete access control, and record-keeping (UNEP-IETC, 

1996). The planning for closure and post closure care after complete landfilling is integral. The 

landfill gas recovery is normally operated in modern sanitary landfills. Nevertheless, in 

particular developing countries the malfunctions and disoperation of landfilling such as regular 

monitoring, landfill gas collection, closure and post closure plan leads to subcategorize 
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controlled landfill to “Engineered landfill”. In general, lining, compaction, daily cover, and 

leachate collection are normally operated in engineered landfill. 

 
Table 4.15 Emission of open-burning of residual waste  
 

Outputs of open burn Emissions Units Sources 

Air compartment 

Carbon monoxide (CO) 42.0 kgCO/t input (wet) Lemieux et al. (2004) 

Sulfur dioxide (SO2) 0.5 kg SO2/t input (wet) Lemieux et al. (2004) 

Nitrogen oxide (NOx) 3.0 kg NOx/t input (wet) Lemieux et al. (2004) 
Methane (CH4) 6.50 kgCH4/t input (wet) Table G.4.2 (Annex G) (IPCC, 

2006) 
Nitrous oxide (N2O) 0.091 kgN2O /t input (wet) Table G.4.2 (Annex G) (IPCC, 

2006) 
Volatile organic carbons (VOCs-
unspecified) 

4.19 kgVOCs/t input (wet) Lemieux et al. (2004) 

HCl 0.28 kgHCl/t input (wet) Lemieux (1997) 
Poly aromatic hydrocarbon (PAHs) 0.005413 kg(Benzo-(a)pyrine 

TEQ)/t input (wet) 
Lemieux et al. (2004) 

Dioxins 9.66E-07 kgPCDD TEQ/t input 
(wet) 

Lemieux et al. (1997) and own 
calculation based on TEF of  

WHO 2005  (Van den berg et al., 
2006)  

PM10 18.8 kg/t input (wet) Lemieux et al. (2004) 

Chlorobenzene 0.00074 kg/t input (wet) Lemieux et al. (2004) 

Acetaldehyde 0.43 kg/t input (wet) Lemieux et al. (2004) 

Acetone 0.25 kg/t input (wet) Lemieux et al. (2004) 

Acrolein 0.027 kg/t input (wet) Lemieux et al. (2004) 

Benzaldehyde 0.15 kg/t input (wet) Lemieux et al. (2004) 

Butyraldehyde 0.0018 kg/t input (wet) Lemieux et al. (2004) 

Propionaldehyde 0.11 kg/t input (wet) Lemieux et al. (2004) 

Soil compartment 
Dioxins 5.25E-04 kgPCDD TEQ/t input 

(wet) 
Lemieux  (1997) and own 

calculation based on TEF of  
WHO 2005 (Van den berg et al., 

2006) 

1-2 dichlorobenzene 0.005 kg/t input (wet) SVOC in residue (Lemieux, 
1997) 

1-4 dichlorobenzene 0.005 kg/t input (wet) SVOC in residue (Lemieux, 
1997) 

Napthalene 0.0024 kg/t input (wet) SVOC in residue (Lemieux, 
1997) 

 
 
 
 

                                                 
13 Calculation based on EDIP method (0.12 equivalency factor used to transform ΣPAHs to Benzo-(a)pyrine  
     TEQ) (Stranddorf et al., 2005) 
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On the other hand, the uncontrolled site often called “Open dumping landfill” is a waste 

deposition area where there is no operation performed. The residual waste is deposited on an 

excavated area. Environmental control is rarely executed. Basically, the contamination of surface 

and ground water occurs as well as methane gas migration. In addition, scavengers living on site 

and the commingled disposal of household and hazardous waste are common. Due to limited 

technologies and budget, the open dumps are ordinarily operated in developing countries. 

In Thailand, landfilling is the most favored method of waste disposal. As a result almost 

half of MSW generation was disposed of in landfills (Table 3.1). Recently, the stabilization 

process of residual waste for instance, mechanical biological treatment (MBT), has not been 

implemented on a large scale. Thus, the disposal of residual waste from MSW stream, from other 

treatment processes, as well as from recycling activities was assumed to be at landfills. 

 
Input to MFA 

 
According to this study, the landfill was classified into sanitary landfills, engineered landfills, 

and open dumping landfills. The classification was made based on the condition of operation and 

construction (Table 4.16). The missing installation of a gas collection system distinguishes 

engineered landfills from sanitary landfills. Open dumping landfills entail the fewest engineering 

conditions for the landfilling of MSW. Table 4.17 shows the quantity of municipal landfill sites 

and mass of residual waste subjected to either engineered landfill or open dumping in 2005. The 

mass of residual waste being disposed of by engineered landfills revealed approximately 65% of 

total disposal mass. All MSW being disposed of at landfills is sunk. It should be noted that even 

though landfill gas collection systems are installed in city municipal landfills, the malfunction 

due to improper installation or improper landfilling operations causes failure in gas collection. In 

addition, the landfill gas from landfilling in town and township municipal landfills are not 

managed. The assumption of uninstalled landfill gas collection was made for current landfilling 

in this study. As a result, sanitary landfills were not operated in Thailand.  

 

Input to LCA 
  
The EASEWASTE is able to assess material and energy uses as well as emission to the receiving 

compartments: air, surface/marine/ground-water, and soil. The program can evaluate various 

inputs such as mixed waste containing organic and non organic matter. Landfilling technologies 

are also provided, for example, conventional landfills, bioreactors, flushing landfills or semi-

aerobic reactor landfills, stabilized MBT landfills, and mineral landfills. In line with gas  
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Table 4.16 Classifications of controlled and uncontrolled landfill in Thailand 
 

Controlled landfill Uncontrolled landfill Classification items 
Sanitary 
landfill 

Engineered 
landfill 

Open dumping 
landfill 

Remarks 

Construction 
Lining system    Compacted clay liner and/or 

geomembrane liner  
Leachate collection system     
Operation 
Installation of gas collection       
Daily cover     
Environmental monitoring     Only groundwater monitored  
No scavenger onsite     
Leachate treatment     
Closure and post closure   
Closure plan    Planning & budgeting for 

capping   
Post closure plan    Planning &  budgeting for after 

care phrase  
 

management in landfills, the software accounts for gas generation, gas utilization, gas flaring, 

and gas oxidation in landfill covers. Leachate generation, leachate entering into the treatment 

plant, and leachate migration to surface water and groundwater are integrated for environmental 

impact assessment in the program.  

 
Table 4.17 MSW disposal in Thailand (2005) 
 

Disposal facilities (sites) Waste quantities (tonnes/d) 
Administration Number of 

landfills Engineered 
Landfill 

Open dumping 
landfill 

Engineered 
Landfill 

Open dumping 
landfill 

Landfilling 
area (km2) 

Bangkok  3 3 0 7,839 0 1.6 
City 24 22 2 2,773 396 6.1 
Town 103 64 39 1,882 1,377 13.0 

Township 836 18 818 944 5,513 492.6 

SDA See unspecified waste (clause 4.3.1) 

Total 966 107 859 13,437 7,286 513.3 
Source; Adapted from PCD (2006); The uninstalled landfill gas collection of all landfills operating in Thailand  
 is assumed.  

 
Table 4.18 presents the input of landfill modeling. The required input materials, for 

example liner materials, were calculated based on criteria indicated in the criteria and guidelines 

for landfill construction in Thailand issued by PCD (2001). The impact of clay and soil 

extraction for bottom lining and capping was not taken into account, while emissions from the 

transportation of the input material to landfill were considered. An eight tonne truck capacity 

according to Euro3 emission standards was assumed for hauling earth extracted materials.  
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Table 4.18 Input for landfill LCA modeling   
 

Items Sanitary 
landfill 

Engineered 
landfill 

Open 
dumping 
landfill 

Description 

Technology:  Time 
horizon  

Conventional, 
flaring 0-100 

yrs 

Conventional, 
flaring 0-100 

yrs 

Open dump, 
0-100 yrs 

EASEWASTE 2008 dataset 

General inputs 
Soil 0.3 t/t waste 0.3 t/t waste N/A Daily cover 30% of airspace 
Clay 0.28 t/t waste 0.28 t/t waste N/A Own calculation based on 60 cm base 

liner and 30 cm cap liner, 16,000 m2 
landfill 

Landfill height 10 m 10 m 10 m 
Bulk density 1 t/m3 1 t/m3 1 t/m3

Own calculation similar to assumption 
for FCA of landfill operation 

Electricity 2.65 kWh/t 2.50 kWh/t N/A Table G.5.1 (Annex G) 
Diesel 0.63 l/t 0.63 l/t N/A Table G.5.1 (Annex G) 
Landfill gas 
Period of gas 
generation 

EASEWASTE 
dataset for 

conventional 
landfill 

EASEWASTE 
dataset for 

conventional 
landfill 

EASEWASTE 
dataset for 
open dump 

 

Percentage of  
collected landfill gas 

70% N/A N/A Based on average landfill gas capture in 
USA (Themelis and Ulloa, 2005) 

Treatment 
technology 

Flare N/A (Vent) N/A (Vent) EASEWASTE 2008 dataset 

Gas information  EASEWASTE 
dataset for 

conventional 
landfill 

EASEWASTE 
dataset for 

conventional 
landfill 

No gas 
collection 

Oxidation, removal efficiency, and 
treatment were included. 

Leachate 
Leachate generation EASEWASTE 

dataset for 
conventional 

landfill 

EASEWASTE 
dataset for 

conventional 
landfill 

EASEWASTE 
dataset for 
open dump 

Including treatment and discharge of 
leachate 

Leachate collection EASEWASTE 
dataset for 

conventional 
landfill 

EASEWASTE 
dataset for 

conventional 
landfill 

No collection 95% leachate collection in the first 20 
years and 70% thereafter. 

Electricity for 
Leachate treatment 

5.3 kWh/m3 
leachate 

5.3 kWh/m3 
leachate 

N/A Table G.5.1 (Annex G) 

  

According to MFA, the three classifications of landfilling - sanitary landfills, engineered 

landfills, and open dumping landfills - were assessed in the EASEWASTE. With regard to 

sanitary landfill conditions, the collection of leachate and gas generated from waste degradation 

was assessed. Leachate was treated prior to being discharged to surface water. The four periods 

of gas generation and leachate generation were defined within a 100 year time horizon (Simone 

and Christensen, 2007). For the collected gas, the flaring was assumed as the common treatment 

method. For engineered landfills, the similar assumption of sanitary landfill construction, 

operation, 100 year time horizon of landfill gas and leachate generation was assumed in addition  

to the landfill gas collection. Produced landfill gas was directly emitted into the atmosphere. 
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Thus, natural ventilation was applied at engineered landfills. The energy demand for sanitary 

landfill and engineered landfill operation is summarized in Table G.5.1 (Annex G).  

For modeling the environmental impact of open dumping landfills, the missing control of 

gas and leachate explained negligence of all engineering controls. Unlike sanitary and 

engineered landfills, the input materials for landfill construction and operation were not 

accounted for. The four periods in a 100 year time horizon were set to represent open dumping 

conditions where the shorter period for potential landfill gas generation and larger leachate 

generation in comparison to sanitary and engineered landfills was proposed (Simone and 

Christensen, 2007). All the required information for gas and leachate emissions was taken from 

the open dumping dataset of EASEWASTE 2008. The gas was assumed to be emitted to the 

atmosphere, whilst the dispersion of leachate to fresh water was assumed in this study.  

 

Input to FCA 
 
In this section, FCA represents the cost of all activities related to landfilling. The terms of annual 

cost per tonne input to the landfilling process were used. The summations of investment and 

operational costs as well as closure and post closure care were accounted for in calculating the 

full cost of the activities. Predevelopment of a landfill project such as the costs of site selection, 

hiring consultants, public participation etc. was negligible due to lack of data provided. 

Moreover, the revenue of electricity recovered from landfill gas was excluded because there was 

no landfill gas recovery in Thailand during the time investigated in 2005. To represent the entire 

landfill operation, the full costs of operating landfills in Thailand were determined based on the 

operation of all administration levels. The selected representative administrations as well as a 

detailed calculation are presented in Table J.5 (Annex J). The BMA and three different levels of 

municipal landfills were used to quantify the final landfilling costs per unit of MSW. The 

weighting by administration according to Equation 3.6 was used. Landfilling, as operated by 

Kud Kao SDA, was used to describe open dumping landfill conditions. 

The management cost only relevant to landfilling activities - i.e. staff overhead, 

materials, etc. - were calculated from the annual budget as well as  interviews with municipal 

officers. The shared cost of a non-full time administrative position was applied. The welfare was 

derived from annual municipal expense reports.  

Construction, closure and post closure are essential in the full cost accounting of 

landfilling. The landfill capital cost -- including costs of construction, land, and heavy equipment 

-- was depreciated according to the service lifetime (Table 4.19). With regard to operational 
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costs, the fuel cost, heavy vehicle maintenance, and other support equipment i.e. water pumps 

were obtained from municipal records. The cost of heavy equipment in association with service 

life played an important role in the depreciation of investment. BMA and Wiang Fang 

municipalities subcontract landfill operations to the private sector. Consequently, the operational 

cost could be obtained from the contract. It should be remarked that only BMA provided the 

capital costs included in the subcontractor’s account. The capital cost of BMA, thus, was 

omitted. The information of construction cost from the Kud Khao SDA presents open dumping 

landfills operated in rural areas. The excavation was the only cost for rural landfill construction. 

Furthermore, the operational costs were quantified based on hiring heavy equipment once per 

month. A rental rate of 5,000 Baht (100€)/d inclusive fuel was applied.   

 
Table 4.19 Detailed information of capital cost of landfilling  
 

Landfill capital   Land  Heavy equipment Selected 
Administration Cost 

(MBaht) 
Service 

life 
(years) 

Cost 
(MBaht) 

Service 
life 

(years) 

Cost 
(MBaht) 

Service 
life 

(years) 

Annual  
Subcontrac

-ting 
(MBaht/y) 

BMA, Bangkok a Included in subcontracting cost 1,046.6 
City municipality- 
  Surat Thanit b 2.8 2.9 0.4 2.9 45.0 8 N/A 

Town municipality-  
  Ang Thong b 80.0 9 19.5 9 22.44 8 N/A 

Township municipality-  
  Wiang Fang b 214.0 20 Included in landfill capital cost 4.4 

SDA- Kud Khao,  
  Khonkaen b 0.5 3 0.2 3 N/A N/A N/A 

Note a  based on 2005, b  based on 2006 
 

Groundwater contamination is the only parameter which measures the environmental 

impact from landfilling of the Surat Thani city municipality. This assumption was made for other 

municipal levels. The monitoring cost of 7,500 Baht (150€)/time was taken from a quotation 

from a private laboratory. The sampling twice per year was assumed. The environmental 

monitoring of BMA was included in the contract. The full parameters, i.e. groundwater, surface 

water, effluent, particulate, etc. were sampled on a six month basis. To avoid double counting, 

the monitoring cost of BMA was neglected. Unlike monitoring in municipalities, the 

environmental monitoring was ignored for open dumps. 

In terms of debt, only the Wiang Fang municipality loaned 10 MBaht (2 M€) from Thai 

environmental funds. An interest rate of 3% with a 10 year payback period was assumed. The 

annual payback (M) was quantified based on Equation 4.5. 

The responsibility of the care and monitoring of landfill extends far beyond its lifetime. 

Although there is no obligation regarding the post closure care period in Thailand, the study 
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considered closure and post closure care as a future cost and was integral to landfill FCA. 

Equation 4.6 presents the estimation of the future landfill closure and post closure care (Cl ). This 

equation is adapted from amortization method (Equation 2.7) where the amount previously 

amortized was neglected because the first year of annual cost of this future outlay was assumed. 

The current costs (Cc ) included the cost of capping, monitoring, and all other services.  The final 

cover cost per mass unit (86 Baht (1.8€)/t) was estimated from construction costs in Thailand in 

2005 (Table J.9 and J.10, Annex J). The calculation was performed based on capping design 

standard recommended by PCD (PCD, 2001). The environmental monitoring of post closure care 

was assumed to be 50% of 200,000 Baht, the annual full monitoring cost of private landfills in 

Thailand in 2005. Regarding other service costs, for example liner repair, the assumption of 10% 

of final cover and monitoring was made.  

 

M =             Pi         (4.5) 
        [q(1-[1+(i/q)]-nq)]  `     

 
Where   M = Annual payback  

P  = Loan money 

  i   = Interest rate 

  q  = Number of pay back period per year 

  n  = Total pay back period (year) 

 
Cl =  Cc / Lc          (4.6) 

 

Where  Cl = Estimation of the future landfill closure and post closure care cost 

Cc = Estimated total current cost of closure and post closure care 

  Lc = Total estimated landfill capacity (volume unit) 

 
  According to upgrading engineered landfills to sanitary landfills (scenario E), an 

additional cost of about 13.6 Baht (0.3€)/t for the installation of a landfill gas collection system 

(CLFG) was integrated (Equation 4.7). Table J.11 (Annex J) presents the detailed calculations of 

landfill gas collection system based on the costs in 2005. The upgrading open dumping landfills 

(DODLF) required marking up with the cost of final capping and post closure care (CCAP). 

Moreover, a new operational cost with sanitary landfill conditions was also applied (Equation 

4.8). It was remarkable that the upgrade led to increased residual waste transportation from rural 

areas to sanitary landfills located in city municipal areas. The transportation (CTRA) of the 

diversion of either open dumping waste or open burning waste to sanitary landfills, then, was 
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simulated from the location of all districts situated in provincial boundaries to the city 

municipality based on the Google Earth program. An extra transportation distance was estimated 

from two trips/d and 100 km/trip (50 km distance from district to province).  Apart from the 

transportation cost, the diversion cost of open burned waste to sanitary landfills (scenario F) 

indicated the extra cost of MSW collection (CCLT) and sanitary landfill operation (CSLF) 

(Equation 4.9).    

 

    CSLF = CELF + CLFG        (4.7) 

 

where    CSLF = Full cost of sanitary landfill operation  

  CELF = Full cost of engineered landfill operation 

   CLFG= Full cost of landfill gas installation  

  DODLF = CSLF + CTRA + CCAP       (4.8) 

 

where    DODLF = Diversion cost of open dumping landfill to sanitary landfill operation  

  CSLF = Full cost of sanitary landfill operation  

CTRA = Average transportation cost from district to city municipality   

CCAP = Full cost of final cover (capping) and post closure care  

 

DOBN = CSLF + CCLT + CTRA        (4.9) 

where    DOBN = Diversion cost of open burning to sanitary landfill operation 

 CSLF = Full cost of sanitary landfill operation  

  CCLT = Full cost of MSW collection  

CTRA = Average transportation cost from district to city municipality   

 
4.4 Impact assessment of secondary materials flows on the production sectors  
  
To anticipate the influence of waste management activities in 2011 on the recycling 

infrastructure, the assessment of manufacturing capacity of secondary materials is essential. In 

this study, the material flows of four major secondary materials - paper, glass, plastic, and steel - 

was determined. The analysis information was obtained from literature, municipal documents, 

interview recycling supply chains and secondary material manufacturing staff during the survey 

of waste treatment/disposal facilities.  The MFA of such materials started from raw materials, 

production, consumption, post consumer, recycling and sink played a key role in the evaluation. 
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   For the LCA, in addition, credits from primary material substitution trough recycling 

have to be defined. Table 4.20 describes the substituted amount and avoided production which 

have a large impact on the overall evaluation. The substituted amount presents a percentage of 

input material processed into the output material. The lost of material due to plant efficiency and 

downgraded property during recycling process is taken into account of the substituted amount. 

The less amount of recycled steel input (0.98 kg14) compared to reprocessed steel output (1 kg) 

results the substituted amount over than 100%. The avoided production represents the amount of 

product that can be avoided in relation to the amount produced in the recycling process. The 

lower quality of recycled material compared to virgin material causes the percentage of avoided 

production lower than 100%.  

 

Table 4.20 Information of secondary material recycling  
 

Secondary 
materials 

Substituted amount  
(%) 

Avoided production 
(%) 

Selected material recycling dataset of 
EASEWASTE 

Paper      
Cardboard 91% 90% Paper to cardboard, SE (2005) 
Mixed paper   83% 100% Mixed paper to fine paper, DK (2001) 
Newspaper and 
magazine 

94% 100% Newspaper & magazine to solid cardboard, 
DK ( 2001) 

Glass 99% 100% Glass cullet to new products (remelting), 
Europe (1990) 

Plastic 90% 90% Plastic (PE) to granulate, DK (2000) 
Steel 102% 100% Steel scrap to steel sheet, DK (1992) 

 
 

The avoided production of raw materials, resources used, and impact assessment were 

taken from the material recycling dataset of the EASEWASTE program. According to the 

program assumption, the chemical composition of materials does not affect emissions. Although 

secondary materials have the ability for recovery with other purposes -- for example landfill 

cover, concrete mixture, and road pavement (glassphalt), etc. (Alexander, 2005) -- such 

technologies have not been implemented in Thailand. Hence, only the remanufacturing of 

secondary materials was regarded in this research. 

 
 

                                                 
14 Input of secondary steel reprocessing roughly consists of 98% steel scrap and 2% alloy and virgin steel. 
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Chapter 5  
 

Results  
 
This chapter presents the results of the MFA, LCA, and FCA methods. The waste flows for 2005 

are described by the MFA as wells as the anticipated flows for 2011 when considering seven 

different scenarios. The influence of future waste management on the production sector of four 

main secondary materials - paper, plastic, glass, and steel - and the related material flows and 

infrastructure are shown. The results from LCA and FCA present the environmental and 

economic effects of various waste management scenarios. Finally, the results of a sensitivity 

analysis are provided. 

 
5.1 Material flows related to MSW management of Thailand 
 
 5.1.1 MSW management in 2005 
 
In Thailand, a total of 18.0 Mt/y of waste was generated countrywide. In 2005, this amount was 

calculated based on the official statistics on waste generation and, in addition, based on 

assumptions regarding unspecified waste. As illustrated in Figure 5.1, approximately 13 % of 

MSW was separated on a household level by tricycle waste collectors or by municipal schemes. 

The MSW collectors carried 2% of sorted recyclable waste and the remaining 1% was 

segregated by scavengers at the landfill site. The recycled material gained from treatment 

facilities was insignificant. Excluding organic waste recovery, a total of 17% of the national 

MSW was utilized as a secondary material, which was less than 42% of potentially recyclable 

materials in MSW (PCD et al., 2003). The recycled ferrous metal contributed with 15 kilograms 

per capita and per year (kg/cap.y) or 33% of the total recovered materials, followed by paper 14 

kg/c.y (29%), glass 11 kg/cap.y (23%), and plastic 6 kg/cap.y (13%) as well as 1 kg/cap.y (2%) 

of compost. 

About 88% of MSW was not separated at the source. 57% of this was directly transported 

by waste collection trucks to landfills. Only 2 % of MSW was incinerated, composted or used for 

biogas production. It should be noted that about one-third of MSW, called unspecified waste, 

was not managed by municipal services. This unspecified waste was disposed of by backyard 

open burning and dumping on the ground. For the landfill disposal, about 58% of disposed MSW 

was managed in engineered landfills. Non-lined open dumping landfill accounted for the rest.  
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Figure 5.1 Annual MSW flows of Thailand (2005) 
 
 
 5.1.2 Prognosis MSW management in 2011 
 
  5.1.2.1 Scenario A   
 
Scenario A was created in order to show the effect of SWM in Thailand in 2011. Due to the 

increase of two million inhabitants from 2005, a correlating increase to 18.6 Mt/y of the annual 

waste generation in 2011 can be anticipated (Figure 5.2). This increase of 0.6 Mt/y compared to 

2005 can be derived from 0.3 Mt from municipal areas, 0.2 Mt from rural areas, and 0.1 Mt from 

recycled waste. Assuming the same waste utilization rate of 17% in waste management as of 

2005, the individual secondary materials will reveal a slight increase.  

The “do nothing” scenario (scenario A) compared to the waste management practice in 

2005, presents insignificant effects regarding an increase in the infrastructure for composting, 

AD, and incineration. The significant distribution of residual waste to disposal facilities - 

engineered landfills, open dumping landfills, and back yard open burning - can be anticipated. 

Moreover, a total of 15.4 Mt/y of residual waste disposed of at internationally unacceptable 

conditions will unveil an extreme potential for environmental impact. 
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Figure 5.2 Annual MSW flows of Thailand (2011); a base case- waste recycling rate of 17% 
                  (Scenario A) 
 
  5.1.2.2 Scenario B   
 
Scenario B was used to assess the impact of a waste policy aimed at achieving a 30% recycling 

rate in 2011. With that policy, an estimated 2.2 Mt/y of recycled waste can be expected, which is 

a surplus compared to 2005 (Figure 5.3). With a similar ratio used in the main recycling chain 

from 2005, the extra 0.8 Mt of paper, 0.7 Mt of glass and steel, and 0.2 Mt of plastic will be 

processed for virgin material substitution. The remanufacturing, therefore, will require paying 

attention either to available production capacity or to accessibly of international trade. It should 

be remarked that the sorting of glass and steel from municipalilities55  alone will not be sufficient 

to fulfill the recycling target.   Consequently, about 0.1 Mt of secondary glass and 0.6 Mt of 

secondary steel fractions from MSW generated in rural areas were taken into account. 

The increase in the recycling rate will lead to a reduction of MSW being handled by the 

municipality. An approximate 9% decrease in MSW collection compared to the scenario A 

potentially could reduce the municipal budget for MSW collection. In addition, a reduction in 

                                                 
55 As defined in clause 2.2.1, municipality is the administration with population more than 10,000 inhabitants and  
    density more than 3,000 inhabitants/km2 
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residual waste disposal of about 20% in 2011 as compared to scenario A resulted in extra 

available landfilling capacities for engineered landfills and open dumping landfills of about 0.7 

Mt and 1.0 Mt, respectively. The diversion of backyard open burning to landfilling was, 

therefore, possible. With regard to the assumption in rural areas that glass and steel will be 

recycled, the disposal quantity of unspecified waste will subsequently decrease by about 10%. 

 

 
 
Figure 5.3 Annual MSW flows of Thailand (2011); a waste recycling rate of 30% 
       (Scenario B) 
 

  5.1.2.3 Scenario C   
 
In this scenario C the effect of alternative increase of recycling rate obtained by organic waste 

recovery will be anticipated. With 17% recycled waste and 13% organic waste recovery, a 

diversion of MSW disposal to organic waste treatment of about 2.4 Mt can be estimated. As 

illustrated in Figure 5.4, sewage sludge will also shift to composting and AD. As a result, the 

degree of organic waste treatment in composting and AD will significantly increase in biological 

treatment infrastructure compared to the base case scenario. Nevertheless, a yield of about 25% 

for compost production based on the characteristics of input material “commingled MSW” as 

normal operation in Thailand can be estimated, which results in only 0.7 Mt of compost product 

in Thailand. In addition, the large fraction of residues from both organic waste treatment types 
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will still remain for disposal. The influence of the sorting line at biological treatment processes 

resulted in a slight increase in the recovery of secondary materials.   

The recovery of organic waste will reduce disposal quantities by 14% compared to the 

base case scenario (scenario A), whilst a 19% increase compared to the “recycling” scenario B is 

shown. This reduction will add a potential shifting of waste that formerly was disposed by 

backyard open burning to engineered landfills or open dumping landfills. The influence on other 

treatment processes and the quantity of unspecified waste management in rural areas is 

insignificant for this scenario.     

 

 
 
Figure 5.4 Annual MSW flows of Thailand (2011); a waste recycling rate of 17% and 
       organic waste recovery rate of 13% (Scenario C)  
 
  5.1.2.4 Scenario D   
 
In Scenario D, the impact of an alternative energy target in 2011 is forecasted. To achieve the 

alternative energy target from MSW, an installed electrical capacity of 102.5 MW by 2011 will 

be required. This can be achieved with 1.0 Mt of waste to incineration and 0.1 Mt of waste to 

AD (Figure 5.5) as indicated in the energy target (Table 2.6). The diversion notably affects the 

infrastructure required for incineration processes, which so far barely exists. In spite of the waste 

to energy incinerator in Phuket municipality, South of Thailand, and upgrading two current mass 



 111

burning incinerators in the Samui municipality, South of Thailand, and the Lamphun 

municipality, North of Thailand, ten more incinerators with a capacity of 250 t/d56 will be 

necessary to fulfil the energy target. The energy recovered from biogas in this scenario presented 

the possibility to achieve the target in 2011 without significant changes in the infrastructure. A 

new AD plant with a capacity of 110 t/d57 would be required in association with the existing 

treatment capacity to reach the target of MSW to biogas (2.5 MW).  

 

 
 
Figure 5.5 Annual MSW flows of Thailand (2011); a waste recycling rate of 17% and 
       achievement of alternative energy target from MSW (Scenario D) 

 
With regard to residual waste, an approximate decrease of 1.0 Mt of residual waste being 

disposed of at landfills in comparison with the base case scenario can be shown. As a result, the 

availability of airspace in landfills for the unspecified waste can be estimated. In terms of 

recycled material, the increase of 0.1 Mt of recycled waste compared to a base case scenario can 

be anticipated in this scenario. This amount will be mostly obtained from segregation at 

incinerators. 

 

                                                 
56 The estimation was calculated based on actual efficiency of 250 t/d Phuket incinerator, South of Thailand. 
57 Surplus of  90 t/d Rayong biogas plant being operated and  30 t/d biogas plant at Koh Chang SDA  
    starting operation in 2007.  
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5.1.2.5 Scenario E   
 
Scenario E was set up to investigate the achievement of the safe residual waste management of 

MSW as targeted by the Environmental Quality Management Plan in 2011. In this scenario a 

targeted hygienic waste treatment and disposal of 40% will be achieved by upgrading the 

unacceptable landfill conditions, i.e. open dumping and uninstalled gas collection in engineered 

landfills. The upgrading of open dumping landfills will not result in an increase in transportation 

and collection trucks, since the current operational site and the same vehicle quantities are 

assumed.  

 

 
 
Figure 5.6 Annual MSW flows in Thailand (2011): a waste recycling rate of 17% and 
       safe residual waste management rate of 40% with an upgrade in open dumping 
                  landfills  (Scenario E) 

 
In this scenario, the backyard open burning of unspecified waste becomes the largest 

waste destination followed by sanitary landfills (Figure 5.6). With these two waste disposal 

technologies, two-thirds of residual waste generation in 2011 will be treated. The other treatment 

and recycling processes are unchanged compared to the base case scenario (Scenario A). The 

existing infrastructures as of 2005, consequently, would be sufficient to cover this scenario 

unless an upgrade of 1.2 Mt (3,288 t/d) in open dumping landfills will occurred.  
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  5.1.2.6 Scenario F   
 
Similar to scenario E, the achievement of the safe residual waste management of MSW as 

targeted by the Environmental Quality Management Plan in 2011 is anticipated with different 

sources of residual waste diversion. To reduce potential environmental burdens and achieve a 

safe residual waste management of 40%, about 1.2 Mt of backyard open burning and disposal on 

ground as normal residual waste disposal in rural areas is diverted to sanitary landfills in this 

scenario (Figure 5.7). Landfill gas emitted from engineered landfill operations is assumed to be 

collected and flared according to sanitary landfill assumptions. In this scenario, the diversion of 

unspecified waste will make sanitary landfills the largest waste destination. The diversion of 

unspecified waste will result in a remarkable increase in MSW collection.  

 

 
 
Figure 5.7 Annual MSW flows in Thailand (2011): a waste recycling rate of 17% and 
       safe residual waste management rate of 40% with unspecified waste diversion 
                  (Scenario F) 
 
 In terms of treatment units, the flows of MSW will be identical to the base case scenario 

(Scenario A). Hence, the investment in new treatment infrastructures could be omitted. The 

recycling processes will be unchanged from the base case scenario. 
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  5.1.2.7 Scenario G   
 
With the same purpose as scenario E and F in the achievement of the safe residual waste 

management of MSW, the reduction of severe impact from backyard open burning of organic 

waste in rural area will be evaluated in scenario G. To achieve safe residual waste management 

of 40%, about 1.2 Mt of organic waste separated from unspecified waste in rural areas should be 

diverted to home composting in this scenario (Figure 5.8). The recovery of organic waste in rural 

areas will result in approximately 0.4 Mt of compost produced. In terms of landfill management, 

the concept was similar to scenario F where only engineered landfills were upgraded to sanitary 

landfills. The open dumping landfills were maintained as the base case scenario. The purpose of 

these assumptions was to limit the variable factors of landfilling, which are essential for 

comparison of safe residual waste management in MSW scenarios (scenario E, F, and G). In this 

scenario, the backyard open burning will become the largest waste destination. The home 

composting in rural areas will result in avoiding investments in MSW collection compared to 

scenario E and F.  

 

 
 
Figure 5.8 Annual MSW flows in Thailand (2011): a waste recycling rate of 17%  and 

      safe residual waste management rate of 40% with source separated organic 
      waste to home composting in rural area  (Scenario G) 

 



 115

In terms of treatment units, the flows of MSW will be similar to the base case scenario 

(Scenario A). In addition, home composting will not require extra equipment or space in country. 

Hence, the investment in new treatment infrastructures can be omitted. The recycling processes 

will be unchanged from the base case (scenario A). 

 
5.2 Flows of primary and secondary materials in Thailand in 2005  
 
In this section, the flows of different major recyclable wastes fractions - glass, paper, plastic, and 

steel - are described. MSW is recognized as the principal source of secondary material recovery. 

The loops of these secondary materials starting from production to sinks are assessed based on 

information from 2005. The influence of international trade on industrial production is 

addressed. Lastly, the evaluation of manufacturing infrastructure provides information on the 

availability of the production process for secondary materials as well as the hauling structure of 

reprocessing units. 

 
 5.2.1 Glass industry in Thailand (2005) 
 
In 2005, Thai glass production industries produced 1.8 Mt of glass. Glass containers accounted 

for two-third of the total glass production (OIE, 2005). The rest was obtained from flat glass and 

safety vehicle glass, which was generally used in the industrial sector (Figure 5.9). As a result, a 

higher consumption of raw materials in container glass production than industrial glass could be 

revealed. 

The export of glass products in 2005 accounted for 29% (0.5 Mt) of the total glass 

production. The majority of the total exports were flat glass and safety glass. On the other hand, 

the production of glass containers was dominantly supplied to the domestic market. 

Approximately 93% of imported glass was used in industrial and construction sectors. Glass 

containers were the minority of imported glass supplied to the domestic market in the form of 

product packaging. In addition, imported beverages are normally bottled inside the country by 

using domestic container glass rather than beverages imported with the whole package.   

In 2010 the full production capacity of a newly established 250 t/d glass container plant 

started operating since 2007 will shift container glass production capacity to 1.8 Mt.  

Figure 5.9 shows post consumer management of the glass industry in Thailand. This can 

be divided into three categories -- industrial waste glass, container glass reuse and recycling 

waste container glass. Industrial waste glass, generally contained flat glass and vehicle glass, was 

recycled via the buying back mechanism and exchange between industries. About a half of the 
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Figure 5.9 Mass flows of glass industry in Thailand (2005) 
 
industrial and construction glass was contained in the long-lived product and was kept as stock. 

The reuse of glass containers, normally gained from carbonated soft drinks, was implemented via 

the deposit-refund system. In line with neglected small amounts of deterioration of reused glass, 

the amount of reused glass was stable for several years (PCD, 2004b; PCD, 2005; PCD, 2006a). 

A large portion of container glass recycling was obtained from MSW. Table H.1.4 concluded the 

management of container glass of Thailand in 2005. A recycling rate of about 65% could be 

estimated.  

In Thailand, the glass products were produced by 94 factories in 2005, of which 80% 

were small and medium enterprises (SMEs)58 (DIW, 2007). In terms of container glass, the 

majority of production was produced by six large glass container plants around the country 

(Figure 5.10). To gather the secondary glass containers, ten cullet supply chains were established 

countrywide. The cullet processors are located near large glass container factories.  According to 

research calculations, a similar assumption for glass waste haulage for 2005 and 2011 was 

performed based on the simulation of the average distance from MRSs of individual provinces to 

the closest cullet preprocessors. For the cullet transportation to glass factories in 2005, it was 

                                                 
58 According to the definition of the Department of Industrial  Promotion, Ministry of Industry, Thailand, SMEs are    
defined as small enterprises which have 1-50 employees; medium enterprises have 51- 200 employees. 



 117

 
 

Figure 5.10 Location of cullet processors and glass container plants in Thailand (2005) 
Source:  Factory lists (DIW 2007)  

assumed that the cullet from south, north, north-east and central Thailand was transferred to five 

container glass factories situated around the Bangkok vicinity. In 2011, cullet from the eastern 

part of Thailand will be hauled to a glass factory situated in the eastern region. The cullet 

generated in the north-eastern part of Thailand will be transferred to the new plant, which has 

been operating since 2007. The transport of rest cullet to central areas will be assumed. The 

description of the calculation of the hauling distance was indicated in Annex F.6-F.8. As in the 

summary in Table 5.1, the distance from cullet preprocessors to reprocessing plants will be 

reduced by 2011 through the addition of plants.  

Table 5.1 Hauling distance of secondary glass processors 
 

Hauling distance Thailand (2005) Thailand (2011) 
MRSs to culler preprocessor (km) 101 101 
Cullet to glass factory (km) 174 118 

Source; My own calculation (Annex F.6-F.8) 
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 5.2.2 Paper industry in Thailand (2005) 
 
Figure 5.11 shows the flow of primary and secondary paper for the reference year 2005. The 

domestic raw materials for pulp production accounted for two-thirds of the total raw material 

demand. Waste paper either imported or domestic was a main part of the raw material input in 

paper manufacturing. The production of short fiber showed an almost full production capacity 

(93%). Since domestically only short fibers are produced, 0.4 Mt of imported long fiber was 

necessary. In contrast to long fiber, the surplus 0.2 Mt of short fiber was exported (TPIA, 2007).  

In terms of paper production in 2005, 84% of the production capacity was shown.  

 

 

Figure 5.11 Mass flows of pulp and paper industry in Thailand (2005) 
 

Kraft paper accounted for 59% of the total paper production, followed by 28% writing 

and typing paper and 7% board. Sanitary paper and newspaper made up the rest. The export of 

paper products in 2005 showed 24% (0.9 Mt) of the total paper production, of which 67% were 

kraft paper. About 16% of paper consumption obtained from imported board paper and 

newspaper was reported (TPIA, 2007).  

The paper consumption in Thailand accounted for 91% of total production in 2005. After 

consumption, two categories of waste paper - industrial waste paper and municipal waste paper - 
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could be categorized. The industrial waste paper collected from industrial production and 

domestic industrial trade is one-third of the total 1.5 Mt domestic secondary paper in 2005. The 

larger portion of paper recovery was obtained from MSW. In general, municipal waste paper is 

sorted at MRSs into mixed paper, writing and printing paper (white paper), graphic paper (color 

paper), and newspaper. It should be noted that approximately two Mt of non-recycled waste 

paper was disposed of at landfills. The details of the calculation are concluded in Table H.2.1 

(Annex H). In terms of the recycling rate, about 67% of raw materials gained from waste paper 

of which 38% was obtained from domestic recycling waste paper. In comparison to an estimated 

full paper production capacity in 2005, approximately 0.6 Mt of availability could be shown.  

The waste paper was sorted and baled in 185 MRSs located countrywide (DIW, 2007). 

The MRSs directed about 1.4 Mt of waste paper to secondary paper processors where waste 

paper was segregated according to different industrial paper grades. Hence, the assumption of a 

minimum of one baling processor located at every province could be made.  

The average distance from the MRSs of individual provinces to the paper processors was 

made based on the location as presented in Figure 5.12. About 3.8 Mt of paper and board, 85% 

of the total production capacity (TPIA, 2007), was produced by 110 factories countrywide (DIW, 

2007). The majority of pulp and paper factories, about 74%, are SMEs (less than 200 employees 

according to Thai definition). As a result, only large pulp and paper manufacturers, selected from 

either those with more than 200 employees or an investment of more than 500 Mbaht (10 M€), 

were regarded in this study. The location of the 27 selected large pulp and paper manufacturers 

(Table H.2.2, Annex H) are mostly located within a 200 km radius from Bangkok (Figure 5.12). 

Although, the two large pulp manufacturers are situated in areas remote from Bangkok, these 

factories were disregarded from the study because only agricultural materials are fed as raw 

materials for pulp production. The transportation of recycled waste paper from all provinces to 

Bangkok, therefore, could be established. A similar result for recycled paper waste haulage for 

2005 and 2011 was shown (Table 5.2). A description of the calculation of the hauling distance is 

indicated in Table F.9 (Annex F). A half of driving distance to disposal site can be estimated for 

the haulage of contaminants from MRSs to landfill disposal (Table F.4, Annex F). 

 

Table 5.2 Hauling distance of paper and cardboard processors 
 

Hualing distance Thailand (2005) Thailand (2011) 
MRSs to paper reprocessing of de-inking quality (km) 233 233 
MRSs to cardboard reprocessing  (km) 233 233 

Source; My own calculation based on average from simulation (Table F.9, Annex F) 
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Figure 5.12 Location of pulp and paper processors in Thailand (2007) 
Source: Factory lists (DIW 2007)  
  

 
5.2.3 Plastics industry in Thailand (2005) 

 
The production of plastic resin in Thailand, by 30 petrochemical producers, amounted up to7.8 

Mt in 2005, which accounted for 84% of the total production capacity (Figure 5.13). An 

availability of production capacity of approximately 1.5 Mt could be presented. While the 

imported polymer was revealed to be 14% of total production, the export entailed 41% of the 

total polymer production (MOC, 2008a and 2008b). As a result, Thailand becomes the leader in 

the petrochemical industry in the Southeast Asian region (TPIC, 2006). 

About 4.8 Mt59 of feedstock, inclusive of 1.1 Mt of imported polymers and 0.5 Mt of 

plastic recycled, were supplied to 4,200 plastic converters and fabricators countrywide (DIW, 

2007). The plastic resins are principally transformed by automotive industries and packaging 

industries or transformed into household products or electronics and electrical appliances. The 

majority of plastic products, approximately 89%, were used internally.  The exported plastic 

                                                 
59 The assumption was made based on the summation of Polyvinyl acetate, Cellulose acetate, and  Polyester 
    fractions which were used in irrelevant plastic production, such as in the adhesive, paint and textile industries.  
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product was in surplus to the imported plastic product by about 0.5 Mt. The details of the 

calculation are concluded in Table H.3.3 (Annex H). 

 

 

Figure 5.13 Mass flows of plastic industry in Thailand (2005) 
 

Post consumer plastics were classified into long-lived and short-lived plastic in line with 

product lifetime60. The secondary plastic was mainly recovered from short-lived plastic by 

gaining it from either industrial or municipal sources. Mechanical recycling, chipped secondary 

plastic used as generis plastic i.e. powder or pallet resins, is the principal method of domestic 

plastic recycling. The export of secondary plastic was not reported. Thus, only the domestic 

market for plastic recycling materials was regarded in this study. All long-lived plastic products 

were assumed to be stocked. An offset of short-lived plastic products and recycling quantities 

can present a fraction of disposed plastic waste. As a result, about one-forth of plastic 

consumption subjected to disposal was remarkable.  

Approximately 11% recycling rate based on the total plastic consumption in 2005 

inclusive of long-lived and short- lived plastic could be estimated. Nevertheless, disregarding a 

portion of long-lived plastics, which was assumed to be stocked, the recycling rate percent raised 

                                                 
60 Short-life plastic has an end life of less than three years and long-life plastic a lifetime of over three years  
    (PlasticsEurope, 2007). 
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to 30%. The increase emphasizes the importance of a recycling rate definition for secondary 

plastic management and policy making. 

The energy recovery from plastic was omitted from this study because a single waste to 

energy incinerator handles less than 0.2% of municipal plastic recycling. In addition, the plastic 

waste disposal with two mass burning incinerators accounted for less than 0.1% compared to the 

amount of plastic being landfilled (Table H.3.3, Annex H). Landfilling, the most favorite 

disposal method for plastic, accounted for two-thirds of plastic waste management.  

  In terms of the distribution of the secondary plastic, 336 plastic preprocessors were 

producing ground plastic nationwide (DIW, 2007). Almost 80% of a total of 76 provinces in 

Thailand have at least one plastic preprocessor (Table H.3.4, Annex H). Consequently, the 

transportation from MRSs to plastic preprocessors in internal provinces can be assumed. On the 

other hand, plastic converters and fabricators situated in central areas were obvious (Figure 

5.14). Almost 90%61 of all registered plastic processors were located around Bangkok and in the 

Bangkok vicinity, of which those in the Bangkok area accounted for one-third (details provided 

in Table H.3.5, Annex H). Secondary plastic resin hauling from preprocessors to plastic 

reprocessing in Bangkok can be estimated. Hence, the simulation of secondary plastic 

transportation is similar to secondary paper. As a result, Table 5.2 can be used to represent the 

average distance of secondary plastic hauling.    

 
5.2.4 Steel industry in Thailand (2005) 

 
In Thailand, crude steel is only produced by Electric Arc Furnaces (EAFs). Raw iron 

produced from blast furnaces does not exist (Tunnukij, 2003). As a result, the raw material for 

steel production is obtained predominately from steel scrap. In 2005, Thailand produced 6.2 Mt 

of crude steel, which entailed about 74% of the total crude steel production capacity (Figure 

5.15). Domestic steel scrap accounted for the majority of total raw material input followed by 

imported steel scrap. Imported pig iron accounted for the rest. 

11.9 Mt of steel, 64% of the available steel production capacity, was produced in 83 steel 

plants countrywide. To supply the gap of crude steel production and steel consumption, the high 

volume of imported semi-products and imported steel products was shown. According to 

international balanced trade, the net imported steel accounted for 15.5 Mt and revealed a notable 

surplus of 13.2 Mt from exported steel. The analysis of information on the steel industry in 

Thailand is detailed in Table H.4.1 and H.4.2 (Annex H).      

                                                 
61 According to 4,818 registration lists of plastic processors, 4,260 factories are located in Bangkok and vicinity  
    (DIW, 2007).  
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Figure 5.14 Location of plastic processors in Thailand (2007) 
Source:  Factory lists (DIW, 2007)  
 
 
  The domestic scraps were obtained from two channels: MSW and industrial scrap. Like 

other recyclable materials, the informal sector played an important role in the segregation and 

collection of steel scrap. The discarded consumer products from MSW, for instance tin can and 

tin free can, showed 1.0 Mt. The scrap derived from industrial processes - i.e. automotive, home 

appliance sectors - showed 2.9 Mt. Regardless of the timeframe consideration for the 

deterioration of long-lived steel in one year, most industrial steel was assumed to be stocked in 

product forms. In terms of the recycling rate, container scrap accounted for 41% of container 

production. Approximately 45% of steel consumption and export was produced from secondary 

steel of which 69% was obtained from domestic steel scrap. 

According to secondary steel infrastructure distribution, the scrap was sorted at 185 

MRSs countrywide (DIW 2007). At least one MRS per province could be estimated. The 

segregated scraps were assumed to have been transported directly to 16 furnaces predominantly 

situated around Bangkok and its vicinity (Figure 5.16). There are 13 furnaces plants located in 

a120 km radius of Bangkok that are responsible for 81% of all steel production. The rest are 

situated within 180 km of Bangkok. Table H.4.3 (Annex H) provides the details of distribution. 
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Figure 5.15 Mass flows of steel industry in Thailand (2005) 
 
The hauling distance of steel scrap from each province to Bangkok (Table 5.2), thus, was 

assumed based on the simulation as indicated in Table F.9 (Annex F). The de-tinned facility has 

not been established according to official factory lists (DIW 2007). 

 

5.3 Life cycle assessment 
 
The results of the environmental impact assessment of the seven scenarios are presented in this 

section. The selected impact categories according to EDIP method are provided. The given 

impact potential is presented in each reference unit. Using base case comparison, the influence of 

set up waste management options on the environment is described.     

 

 5.3.1 Global warming potential 

 
Figure 5.17 illustrates the global warming potential (GWP) of the set up scenarios. The base case  

(scenario A) - anticipated waste management in 2011 with similar conditions as those of 2005 - 

indicates the greatest GWP. It mainly results from unsafe waste disposal such as backyard open 

burning, open dumping landfill, and engineered landfill where greenhouse gases, i.e. CH4, CO2 
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Figure 5.16 Location of steel furnaces in Thailand (2007) 
Source:  Factory lists (DIW, 2007) 
 
 
and N2O are released without collection. The GWP for remanufacturing processes is subtracted 

from the virgin processes (Kirkerby et al., 2006).  The credit of secondary material recovery in 

scenario B, therefore, results in a remarkable reduction in GWP despite maintaining the waste 

disposal conditions of scenario A. About a two-fold increase in GWP compared to scenario B is 

presented in Scenario C where a 30% recycling target is achieved by organic waste recovery. 

The credit of GWP of biological recovery is not comparable with secondary materials because 

according to current operations in Thailand, all gas emissions from biological processing were 

untreated. The treatment of organic waste, however, reveals about a half reduction of GWP from 

the base case by avoiding methane emissions from landfilling, which has 23 times 

characterization factor higher than CO2. 

By achieving the alternative energy target, the GWP of scenario D is significant. The 

results from the combustion of fossil carbon in incineration and open burning could be estimated. 

Nevertheless, the credit of energy recovery from the diversion of MSW to energy production in 
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Figure 5.17 Global warming potential of waste management scenarios in Thailand (2011) 

 

association with reduction of residual waste to be disposed at landfill diminishes GWP compared 

to the base case. This diversion is less in comparison with the shipment of 40% safe residual 

waste management in scenario E, F, and G, where the control of high potential greenhouse gas 

emission is performed.  The impact of GWP mainly results in the anaerobic degradation of 

organic waste in landfills (IPCC, 2006). Hence, upgrading unsafe waste disposal plays a key role 

in GWP reduction as could be shown in scenario E, F and G. In terms of the influence of open 

burning and open dumping landfills on GWP, the diversion of open dumping landfills (scenario 

E) shows more efficiency in decreasing GWP than the diversion of open burning (scenario F). A 

higher GWP of methane gas generated in open dumping landfills than CO2 emission from open 

burning is the result. 

The reduction of GWP of scenario G results only from the diversion of fossil carbon from 

open burning.  The segregation of organic carbon to be composted at home does not affect GWP 

because this CO2 is of biogenic origin and is therefore not taken into account. Furthermore, the 

other GWP substances such as CH4 and N2O range only less than 1% of initial carbon content 

and 0.5-5% of initial nitrogen content respectively (IPCC, 2006).  

The GWP of waste management activities, greenhouse gas emission from the collection 

and transportation of either MSW or secondary materials accounts for only 7% of the emission 

from the treatment and disposal of MSW.  

In comparison with national GWP, Thailand’s is ranked in the top 22nd of CO2 emission 

countries and released 267.9 billion kg CO2 eq. in 2004 (UNDP, 2007).  It was responsible for 

0.9% of the global greenhouse gas emissions. With regard to the base case (scenario A), waste 
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management in 2011 will account for 3.6% of Thailand’s GWP in 2004. When comparing the 

potential green house gas emission from the set of waste management options in 2011 and 

national emission in 2004, the percent of GWP can be reduced to 0.9% in scenario B, 1.9% in 

scenario C, 2.0% in scenario D, 1.3% in scenario E, 1.7% in scenario F and 2.0% in scenario G.  

 
 5.3.2 Stratospheric ozone depletion 
 
A number of substances -- chlorine and bromine compounds (CFCs, HCFCs, Halon etc.), 

methane (CH4), nitrous oxide (N2O), and water vapour (H2O) -- are involved in the breakdown 

of ozone where large quantities of the ultra violet (UV) radiation in the stratosphere are naturally 

absorbed (Stranddorf et al., 2005b). In this study the summation of potential stratospheric ozone 

depletion (SOD) is presented in Figure 5.18.  
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Figure 5.18 Potential stratospheric ozone depletion of waste management scenarios  

        in Thailand (2011) 
 

The diversion of disposed MSW relates to the potential SOD. As a result, the shift of 

waste recovery -- for instance, 2.3 Mt in scenario B, 2.2 Mt in scenario C, and 1.0 Mt in scenario 

D – decreases the potential SOD by 17%, 15% and 12%, respectively, compared with the base 

case (scenario A).   

With a large improvement in unsafe waste disposal, the diversion of open burning to 

sanitary landfills (scenario F) presents the largest potential SOD reduction following with the 

upgrading of open dumping landfills to sanitary landfills (scenario E) and the diversion of 

organic waste from unspecified waste to home composting (scenario G). The reduction of 

potential SOD (42% for scenario F, 39% for scenario E and 26% for scenario G) can be shown. 
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The reduction mainly results from the emission of CFCs. The transportation and collection 

activities do not influence for the emission of SOD.   

 
 5.3.3 Photochemical ozone formation 
 
Ozone is formed in the troposphere under the influence of sunlight when nitrogen oxides and 

VOCs are presented. At high concentrations ozone is hazardous to human health, whilst at lower 

concentrations it causes damage to vegetation yields. According to the EDIP method, Non-

methane volatile organic compounds (NMVOCs), CO, and CH4 contribute to photochemical 

ozone formation (POF) (Stranddorf et al., 2005b).    
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Figure 5.19 Potential photochemical ozone formation of waste management scenarios 

        in Thailand (2011) 
 
Figure 5.19 illustrates the POF of various scenarios. The diversion of organic waste from 

unspecified waste to home composting (scenario G) and the diversion of open burning to 

sanitary landfills (scenario F) reveal the two largest reduction of potential POF in comparison 

with the base case (scenario A). It results in a savings of 56% and 21% in POF emissions 

respectively, which is basically generated from CH4 from uncollected landfill gas, and CO and 

VOCs from incomplete combustion of open burning. CH4 from home composting is insignificant 

to POF because only 3% of initial carbon converted to CH4 is assumed. Scenario E decreases the 

potential POF by about 7% compared to the base case (scenario A). Hence, based on a similar 

1.2 Mt diversion of residual waste to achieve 40% safe residual waste management, a three-fold 

reduction in the potential POF in scenario F compared to scenario E can be approximated. 

The release of POF substances is insignificant in the increase of biological treatment 

(scenario C) and the increase of waste quantities to energy recovery (scenario D). About a 5% 
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decrease compared to the base case can be shown. Despite the boost of 2.3 Mt of secondary 

materials in scenario B, the credit of secondary material substitution unveils the second largest 

reduction of potential POF. About 16% less than the base case is presented. The collection and 

transportation of secondary materials accounts for only 2% of the potential POF emission from 

treatment and disposal processes.  

 
5.3.4 Acidification 

 

The potential for acidification results from the emission of acidifying substances: NH3, NOx, and 

SO2. In waste management, the acidification potential is mainly contributed by transportation, 

treatment and disposal processes. Figure 5.20 shows the results of the acidification potential 

generated from various waste management options in 2011.  
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Figure 5.20 Acidification potential of waste management scenarios in Thailand (2011) 

 
As a result of the natural emission of acidification substances from biological 

degradation, scenario C reveals the largest acidifications potentials following the diversion of 

organic waste from unspecified waste to home composting in scenario G. In line with the 

influence of a 40% safe residual waste management target for the reduction of acidification 

potential, the diversion of open burning to sanitary landfills (scenario F) is superior to the 

upgrading of open dumping landfills to sanitary landfills (scenario E) and the diversion of 

organic waste from unspecified waste to home composting (scenario G) . In comparison with the 

base case (scenario A), upgrading the engineered landfill to sanitary landfills like in scenario E is 

insignificant in decreasing the acidification potential. The emission from incineration with local 

operating conditions makes scenario D the third largest acidification potential. 
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The increase of secondary material recycling (scenario B) remarkably diminishes the 

acidification potential, which is basically credited from avoided production from primary 

materials. As a result, scenario B becomes the scenario with the lowest acidification potential. It 

should be remarked that the collection and transportation of recycling activities in scenario B 

indicate the largest emission of acidification substances compared to other scenarios because the 

large acidification emission released from secondary material hauling can be shown. 

Nonetheless, the collection and transportation of other scenarios account for about 7%-14% of 

the total acidification potential. An exception is the additional haulage of open burning waste 

(21%).  

 
5.3.5 Nutrient enrichment 

 
Nitrogen and phosphorous compounds are the main source of nutrient enrichment 

(eutrophication). The most significant diffusion of nutrient input to the aquatic environment is 

the leaching of nitrogen from the land and the deposition of gaseous nitrogen compounds from 

the atmosphere. Figure 5.21 shows the total nutrient enrichment (NE) potential of MSW 

management in Thailand in 2011. The results express the emissions as an equivalent emission of 

the reference substance NO3
-. 
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Figure 5.21 Nutrient enrichment potential of waste management scenarios in Thailand  

                    (2011) 
 

The trend of emission of NE compounds is similar to the acidification potential. In this 

study, NOx from the air emissions of biological treatment processes, incineration and open 

burning reveal the major source of NE potential. The increase of secondary material recycle  

(scenario B) shows the largest reduction of NE compared to the base case. On the other hand, the 
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increase of biological treatment (scenario C) notably lifts about two folds of NE potential 

compared with the base case (scenario A). The diversion of organic waste from unspecified 

waste to home composting (scenario G) shifts about 25%. It results from untreated gas emissions 

in composting and AD processes as current operations in Thailand. The increase of waste 

quantities to energy recovery (scenario D) reveals a 15% gain in NE potential compared to the 

base case. In order to effect of 40% safe residual waste management to emission of nutrient 

substances, the avoided open burning (scenario F) decreases 13% of NE potential whilst the 

diversion of open dumping landfill reveals a 5% increase compared to the base case (scenario 

A). This is caused by an almost negligible consideration of NE compounds (NH3 and NH4
+) to 

surface water via leachate of open dumping operations according to the program assumption. 

Therefore open dumping does not impact these categories because the leachate is assumed to 

reach the groundwater (Simone and Christensen, 2007). 

 In terms of the effect of waste management activities on the emission of nutrient 

substances, the combination of collection and transportation ranges from 5%-14% of the total 

emission for all scenarios except scenario B where the long hauling transportation of recycling 

materials accounts for about one-forth of nutrient enrichment potential.   

 
   5.3.6 Human toxicity 
 
Emissions of substances potentially affecting human health are quantified -- for instance, non-

methane volatile organic compounds (NMVOCs) from road transport, volatile organic 

compounds (VOCs), heavy metals, NOx, SO2, chlorinated organic compounds, persistent organic 

pollutants (POP), particulate matter (PM10). The assessments via three different medians (air, 

water, and soil) are presented in Figure 5.22.   

Figure 5.22 (a) shows the trend in potential human toxicity via air (HTa). The increase of 

secondary material recycle (scenario B) shows the credit on reduction of HTa despite increasing 

HTa potential from collection and transportation activities. The increase of biological treatment  

(scenario C), the increase of waste quantity to energy recovery (scenario D), and the diversion of 

organic waste from unspecified waste to home composting (scenario G) is insignificant in HTa 

potential. The upgrading of open dumping landfills to sanitary landfills (scenario E) increases 

about 13% of HTa potential compared to the base case scenario since this impact category is 

caused by specific emission of HT substances from treatment or combustion process. Therefore, 

the contribution to HTa in open dumping conditions where the natural emission of generated 

landfill gas (without landfill gas management) is assumed is insignificant (Simone and 

Christensen, 2007). In this sense, the HTa generated from the diversion of residual waste from 
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open dumping landfills to sanitary landfills where landfill gas is collected and flared, thus, makes 

a large impact on the total HTa account. On the other hand, due to the decline of open burning 
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Figure 5.22 Human toxicity potential of waste management scenarios in Thailand  
                     (2011) (a) Human toxicity via air, (b) Human toxicity via water,    
                                 (c) Human toxicity via soil 
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quantities, the HTa substances reveal a 5% decrease in scenario F. The greatest impact from HTa 

was caused by released open burning emissions, for instance poly aromatic carbons (PAHs), 

formaldehyde, dioxins, aluminium and lead. The segregation of organic waste from unspecified 

waste in rural areas (scenario G) decreases about 100 magnitude of dioxin compared to base case 

scenario. As a result, scenario G presents the largest reduction of HTa. The effect of all scenarios 

on the collection and transportation to HTa is not noticeable compared to the treatment and 

disposal processes since it only accounts for 1% of the total HTa potential. 

The trend of potential human toxicity via water (HTw) is presented in Figure 5.22 (b). 

The HTw potential gains from the treatment and disposal processes since the collection and 

transportation activities reveal less than 0.0001% of total HTw potential. In this study, the   

unburned fraction from open burning and organic waste burning shows a major source of 

potential HTw, particularly dioxins from air emissions. As a result, the diversion of open burning 

in scenario F and G presents the largest decline of HTw compared to the base case (scenario A). 

With regard to the substitution of raw materials in 30% recycling target (scenario B), long 

hauling distance presents the greatest emission of HTw substances compared to collection and 

transportation activities of other scenarios. Nevertheless, it is not comparable with the decrease 

in HTw potential from avoided virgin material production. As a result, scenario B becomes the 

scenario with the second largest reduction of HTw. The similarity in HTw of scenario A, C, and 

D shows that the detour of treatment methods does not affect to water receptors. 

Figure 5.22 (c) presents potential human toxicity via soil (HTs). The same trend as HTw 

potential (Figure 5.22 (b)) can be shown. The contribution of dioxin to the soil as a result of open 

burning residue mainly causes HTs potential. The diversion of unspecified waste in scenario F 

and scenario G, therefore, leads to the greatest reduction of HTs. The increase of secondary 

material recycling (scenario B) also shows the credit on reduction of HTs. Although the 

assumption of SWM in scenario C, D, and E are different, the equilibrium of HTs potential is 

shown, as in the base case (scenario A).  With regard to the reduction of dioxins of scenario G in 

HTs, the similar trend (about 100 magnitude of dioxin decrease) as of HTa and HTw can be 

shown. Nevertheless, unlike HTa and HTw, the dioxin emission of HTs in scenario G does not 

affect total HTs because the dioxin emission is not comparable with the emission of heavy 

metals. As a result, the influence of scenario G to HTs is different from HTa and HTw.   
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5.3.7 Ecotoxicity 
 
Ecotoxicity in a LCA context covers a number of effects, such as acute and chronic toxicity on 

different species in soil and water. The potential ecotoxic effects are expressed as the critical 

volume of certain media required to absorb a specific emission without resulting in adverse 

effects (Stranddorf et al., 2005b). In this study, the potential ecotoxicity via water and soil are 

presented separately (Figure 5.23).  
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Figure 5.23 Ecotoxicity potential of waste management scenarios in Thailand (2011) 
(a) Ecotoxicity via water    (b) Ecotoxicity via soil 
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Specific emissions from gas treatment and combustion such as dioxins, VOCs and PAHs 

are the major sources of potential impact on ecotoxicity via water (ETw). In this context, open 

dumping is insignificant in potential ETw because no gas collection system is involved. The 

emission from gas treatment and combustion, thus, is negligible (Simone and Christensen, 2007). 

As a result, ETw potential of scenario E is similar to the base case (scenario A) despite shifting 

1.2 Mt of MSW from open dumping to sanitary landfill (Figure 5.23 (a)). In contrast, open 

burning releases a number of ecotoxic substances. Consequently, the diversion of organic waste 

from unspecified waste to home composting in scenario G reveals the largest decline of potential 

ETw, followed by the diversion of open burning to sanitary landfills (scenario F).    The increase 

of biological treatment (scenario B) decreases by about 12% of the base case scenario. Even 

though the shift of 4.2 Mt MSW to biological treatment (scenario C) and 1.0 Mt to incineration 

and AD (scenario D) causes a gain in material recovery and energy recovery, these two scenarios 

are insignificant for ETw potential. The impact of waste collection and transportation accounts 

for only 0.3%-0.5% of the total ETw.    

Ecotoxicity via soil (ETs) reveals the same trend as ETw (Figure 5.23 (b)). Most of the 

impacts from ETs are caused by the release of open burning emissions such as formaldehyde and 

dioxins from open burning residues. The decline of organic fraction of unspecified waste makes 

scenario G the scenario with the largest reduction in ETs, followed by the diversion of open 

burning of scenario F and credit from secondary materials of scenario B respectively. The effects 

of waste management options in scenario C, D, and E are insignificant. The major sources of 

ETs potential are impacts of treatment, disposal and recovery activities. On the other hand, waste 

collection and transportation accounts for only 0.6%-1.0% of total ETs.  

 
5.4 Full cost accounting 
 
The results of FCA of different waste management options are given in this section. The 

description is also provided in order to highlight the full cost of waste management categories. 

Comparisons are also made between the base case of anticipation waste management in 2011 

and other scenarios.  

The full costs of MSW management were compiled from five management categories. 

Waste collection and transportation comprise the final cost of commingled waste management, 

collection, and transportation. The operational cost of incineration, composting, and AD were 

categorized in waste treatment. In terms of the recycling process, two categories were provided: 

recycling management and virgin material substitution. The full cost of waste segregation, 

recycling waste transportation, and recycling promotion were subjected to recycling 
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management. The revenue from the sale of secondary materials including compost product was 

presented in virgin material substitution. Finally, landfilling costs were designated to the disposal 

category.  

 
 5.4.1 Scenario A  
 
Figure 5.24 illustrates the annual full cost of 17% recycling rate in 2011. A total of 10 bBaht   

(201 million Euro (M€)) in MSW management after being balanced with profit of virgin material 

substitution was shown. The management of the recycling process accounted for two-thirds of 

the total expenses (29.9 bBaht (598 M€)), followed by collection and transportation costs, and 

disposal cost. Because only 2% of MSW is treated, the treatment cost is barely presented. It 

should be noted that the offset of secondary material management accounted for 0.6 bBaht (12 

m€) of revenue.   
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Figure 5.24  Annual full costs of scenario A: a waste recycling rate of 17% 
  

5.4.2 Scenario B  
 
With the 13% increase of recycling rate from base case scenario, the recycling management 

category boosted total expenses to 59.4 bBaht (1.2 b€), which was about two folds higher than 

the base case scenario. On the other hand, the decline in waste to be handled by municipalities 

caused a decrease in costs for MSW collection and transportation, treatment, and disposal 

compared to scenario A. 

The recycling management cost was relevant to the quantity of secondary materials. 

Approximately 35.0 bBaht (701 M€) of income gained from secondary materials was shown 

(Figure 5.25). As a result, the total costs revealed 8.1 bBaht (162 M€) which was slightly less 

than scenario A. The offset presented about 6% less than the base case. In terms of the balance of 
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recycling management and virgin material substitution, about one bBaht (20 M€) revenue could 

be shown. It should be noted that the expenses for recycling management accounted for 

management, haulage, encouragement, etc. was remarkable. It accounted for two folds more than 

scenario A.  
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Figure 5.25  Annual full costs of scenario B : a waste recycling rate of 30% 
 
 5.4.3 Scenario C  
 
Scenario C extended organic waste recovery to achieve the 30% recycling target. It is due to the 

extra transportation cost for the disposal of residual waste derived from both organic treatment 

processes where the commingled waste was fed as an input. The diversion of disposal to 

composting and AD resulted in an increase in the costs for the collection and transportation 

category (Figure 5.26). The recovery of organic waste resulted in a significant rise in the 

treatment cost. The recovery of organic fraction from commingled MSW in biological treatment, 

however, showed a decrease in disposal costs compared to the base case scenario.  
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Figure 5.26  Annual full costs of scenario C: a waste recycling rate of 17% and organic  
           waste recovery rate of 13% 
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Although an increase of revenue from recycling materials gained from a sale of compost 

product was shown, approximately 11.6 bBaht (232M€) offset of all full cost categories revealed 

33% and 43% more costs compared to the base case and scenario B, respectively. In terms of the 

balance of recycling management and virgin material substitution, about one bBaht (20 M€) 

revenue could be shown. An expense total of 32.3 bBaht (646 M€) was 13% higher than the base 

case.   

5.4.4 Scenario D   
 
To achieve the alternative energy target, the shipment of MSW to incineration and biogas plant 

was required. The outlays of collection and transportation, recycling management, and virgin 

material substitution of this scenario increased insignificantly compared to scenario A. The 

diversion from waste landfilling to incineration caused a reduction in the disposal cost of about 

0.4 bBaht (6 M€) compared to the base case, while the treatment cost increased about 1.2 bBaht 

(18 M€) (Figure 5.27). The sorted recyclable material at the treatment process was not important 

for gaining revenue from virgin material substitution.  
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Figure 5.27  Annual full costs of scenario D: a waste recycling rate of 17% and 
                     achievement target of 8% alternative energy 

 

Nevertheless, about 30.9 bBaht (618 M€) of total expense was calculated, which was 8% 

higher than the base case. The increase resulted mainly from waste treatment costs. The total 

costs were 10.9 bBaht (218 M€).  

 
 5.4.5 Scenario E   
 
Figure 5.28 illustrates the annual cost of maintaining recycling rates and increasing safe manners 

of landfilling. Due to unchanged mass flows of collection and treatment processes, the collection 
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and transportation cost as well as treatment cost was not different from the base case. The 

sanitary landfill operation according to upgrading engineered landfill and diversion of open 

dumping landfill was insignificant in terms of segregation of recycled materials although 

scavenging at the landfill site was still assumed. Thus, the unchanged cost of recycling 

management and virgin material substitution was shown. It should be remarked that the 

operation of sanitary landfill conditions marked up 25% of disposal cost compared with scenario 

A. 

Disregarding the profit of the sale of recycling material, the total expenses revealed 31.2 

bBaht (624 M€), which was 9% higher than the base case. The increase mainly resulted from the 

disposal costs. The total costs were 11.3 bBaht (226 M€), which was 30% higher than the base 

case.   
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Figure 5.28  Annual full costs of scenario E: a waste recycling rate of 17%, and safe  
          disposal rate of 40% with an upgrade in open dumping landfills   

 
 5.4.6 Scenario F 
 
In maintaining a 17% recycling rate, scenario F presented the diversion of unspecified waste to 

sanitary landfill and upgrading engineered landfills. The collection of MSW in rural areas and 

shipment to urban areas caused an increase in overall waste collection and the transportation 

category. The achievement of 40% safe MSW management as assumed in this scenario resulted 

in a significant increase in the disposal cost. An increase in the disposal cost of approximately 

34% could be shown compared to the base case. Nevertheless, this assumption barely affected 

other costs (Figure 5.29). The shipment of unspecified waste to be disposed of at sanitary 
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landfills as well as maintaining open dumping fraction resulted in an extra 0.5 bBaht (10 M€) of 

waste disposal cost for scenario F as compared to scenario E.     
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Figure 5.29 Annual full costs of scenario F: a waste recycling rate of 17% and safe residual  
                    waste management rate of 40% with unspecified waste diversion    
 

In comparison with other scenarios, a boost of waste collection and transportation cost 

from rural areas to urban areas as well as in the disposal cost of scenario F increased the total 

costs to 12.4 bBaht (248 M€). This offset made scenario F the scenario with the largest total 

costs in this study. An increase of about 43% for the full costs in scenario A was approximated. 

According to the total expenses, about 32.3 bBaht (645 M€) or 13% higher than the base case 

could be presented.  

 
 5.4.7 Scenario G 
 
In maintaining a 17% recycling rate and achievement of 40% safe waste management, scenario 

G presented the recovery organic waste fraction from unspecified waste in rural areas with home 

composting and upgrading engineered landfills. This scenario avoided the extra collection cost of 

residual waste in rural areas and shipment cost to urban areas compared to other 40% safe waste 

management scenario (scenario E and F). In addition, it caused a decrease in overall waste 

disposal cost (Figure 5.30). Nevertheless, this assumption barely affected other costs compared 

to base case scenario (Figure 5.24).  

Approximately 20.3 bBaht (406 M€) of income gained from secondary materials was 

shown (Figure 5.25). It should be noted that the revenue from compost product accounted only 

2% of revenue. The total costs revealed 10.3 bBaht (206 M€), which was slightly higher than 

scenario A. The offset presented about 6% more than the base case. In terms of the balance of 
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recycling management and virgin material substitution, about one bBaht (20 M€) revenue could 

be shown.  
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Figure 5.30 Annual full costs of scenario G: a waste recycling rate of 17% and safe  
         residual waste management rate of 40% with home composting in rural areas  

 

5.5 Sensitivity analysis 
 
Sensitivity analysis is used to determine how a model is sensitive to changes in the value of the 

parameters of the model. Moreover, sensitivity analysis helps to build confidence in the model 

by studying the uncertainties of modelling where some parameter values are estimated or are 

uncertain in the future. In a large model, sensitivity analysis of all parameters is often 

impossible. The greatest influence or the greatest uncertainty in the model behaviour, thus, is 

usually determined (Frey et al., 2003). 

In this study, different values are tested whether cause changes in the results. The base 

case (scenario A) is used as a basis of comparison. The variations +5% of the most influence on 

analysis categories are performed (Table 5.3). The analysis is divided into three categories: 

environmental impact potential, total expenses (excluding revenue from secondary materials), 

and net cost-FCA (including revenue from secondary materials).  

Based on Table 5.3, the variation of sensitive parameters show different effects on the 

results. For instance, open burning fraction is remarkably sensitive to impact potentials rather 

than recycling rate. On the other hand, the recycling rate affects the total expenses and the net 

cost more than open burning diversion. With regard to open burning emissions, dioxin (both air 

emission and ground emission) is dominantly sensitive to impact potentials rather than the other 
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output emissions. It should be remarked that home composting is insignificant for estimating 

sensitivity of environmental impact. 

 
Table 5.3 Sensitivity of selected parameters on the results relative to the base case and  
           qualitative assessment of the uncertainties 
 

Analysis categories 

Sensitivity parameters Variation 
(%) 

Environmental 
impact 

potentials  

Total expense  Net cost 

Increase 5% 5.0% 5.0% 5.0% Population Decrease 5% -5.0% -5.0% -5.0% 
Increase 5% -0.003% 2.6% 2.9% Recycling rate Decrease 5% 0.003% -2.6% -2.9% 
Increase 5% -4.7% 1.2% 4.0% Open burning fraction (variation of mass) 
Decrease 5% 4.7% -1.2% -4.0% 
Increase 5% 5.0% N/A N/A Open burning  emission 

(variation of all output emissions) Decrease 5% -5.0% N/A N/A 
Increase 5% 0.1% N/A N/A Open burning emission (variation of all output 

emission excluded dioxin) Decrease 5% -0.1% N/A N/A 
Increase 5% 4.8% N/A N/A Open burning emission (variation of dioxin-

output emission only) Decrease 5% -4.8% N/A N/A 
Increase 5% 0.3% 0% 0.2% Home composting fraction Decrease 5% -0.3% 0% -0.2% 
Increase 5% N/A 5.0% 11.6% Cost of secondary materials Decrease 5% N/A -5.0% -11.6% 
Increase 5% N/A 1.4% 4.7% Transportation cost Decrease 5% N/A -1.4% -4.7% 
Increase 5% N/A 0.03% 0.1% Cost of incineration  Decrease 5% N/A -0.03% -0.1% 
Increase 5% N/A 0.5% 1.5% Cost of landfilling of town and township 

municipalities Decrease 5% N/A -0.5% -1.5% 
Increase 5% 0.7% -0.3% -1.1% Ratio of open burning and open dumping Decrease 5% -0.8% 0.3% 1.1% 
Increase 5% 0.004% 0% 0% Waste composition (Changing  food waste and 

plastic waste composition) Decrease 5% -0.004% 0% 0% 
N/A: Non applicable 
Source: Annex L 
 

The revenues from secondary materials are the most sensitive parameter for both, total 

expenses or net cost compared to others. It should be noted that the uncertainty of transportation 

costs is not important for estimating total expenses. The revenues from compost product and the 

cost of the home composting scenario do not significantly influence the total expenses and net 

costs. Sensitivities of the cost of incineration and landfilling of town and township municipalities 

show insignificance in economic evaluation. In addition, the variation of population is significant 

to all analysis categories because the analysis is conducted based on MFA where mass fluxes 

(fraction of waste mass divided by population) are directly calculated.  

With regard to changing assumptions of modelling, which is generally fixed by the set up 

scenario, the variation of open burning and open dumping ratio is investigated. The result (Table 
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5.3) shows insignificant effect to either environmental impact or cost analysis. The different 

percent of impact potential compared to the base case (0.7% and -0.8% from the increase and 

decrease of the ratio respectively) influences from the higher impact potential of open burning 

than open dumping. 

The variation of MSW composition, for instance, by changing food waste and plastic 

waste fraction shows less impact to LCA result. This result confirms that the direct process of 

specific emissions from open burning has greater importance to the LCA result than the 

changing MSW composition.  Since the cost analysis is performed based on MFA, the variation 

of MSW composition does not affect to the flux of Thai SWM. The net expense and FCA, 

therefore, remain unchanged. 
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Chapter 6 

 
Discussion 

 

This section provides a discussion of data management for analysis of SWM with DSTs. The 

impact of three national policies related to waste management: (a) recycling waste policy, (b) 

safe SWM policy, and (c) alternative energy policy are also discussed. The forecast of waste 

material flows in 2011 is the basis for assessment. The influences of material flows on 

infrastructure, environment, and economics are assessed. In addition, effects on the loop of 

material production are also described. The resulting priorities for waste management are 

proposed.  Finally, the uncertainties of the analysis are discussed. 

 

6.1 Data requirements and availability for decision support tools   

 

This study showed that the basic data relevant for DSTs are in particular related to the waste 

composition and TCs of waste management technologies to evaluate the flow of materials and to 

estimate potential environmental impacts. In addition, the fuel consumption of collection and 

transport vehicles, collection period, transportation distance, and truck loading rate are essential 

to assess the logistical and thus financial efforts of waste management which can cause 

emissions too.  In terms of cost analysis, the assessment of the annual municipal budget related 

to waste management provides significant information.    

In Thailand, the official information on waste management is scarcely available on 

national level. The alternative approach was therefore implemented based on the fact that all 

activities related to waste management are in the responsibility of municipalities.  The national 

information was consequently estimated from the actual operation of various municipal 

administrations (Table 2.1). Nevertheless, due to a limited budget and time constraint evaluating 

all 7,778 administrations (2 specific administrations, 1,276 municipalities, and 6,500 SDAs) in 

Thailand was unrealistic. Therefore, one municipality from the different types of administration 

was selected to represent the other municipalities of the same administration levels. The 

weighting procedure (Equation 3.1) plays an important role to extrapolate from municipal 

information to national information. The input data for DSTs in this research were obtained from 

field study and own calculations from documents that were provided by various municipal 

administrations. Moreover, additional information, in particular for treatment and disposal 

technologies were gained from the operational data of European installations where the condition 
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is more or less different from Thailand. Only data on emissions from AD and incineration were 

published by local operations. 

 

6.2 Current waste management and critic of policy related to waste management  

 

Today’s waste management in Thailand is in particular influenced by the Environmental Quality 

Management Plan 2007-2011 (EQM), which is based on the waste hierarchy concept. Here the 

Thai government has set up a 30% recycling target. For the remaining waste, a 40% safe disposal 

is required by 2011. To assess the possibility for the achievement of these targets, the results of 

material flows are used to review the availability and limitations of existing facilities and 

infrastructures. In this section, three targets related to waste management are discussed: 

recycling, safe disposal, and alternative energy. 

 

 6.2.1 Recycling policy 

 

The MFA anticipates that 5.4 Mt of secondary materials, an extra 2.4 Mt of secondary materials 

compared to 2005, can be supplied to the industrial loop if the goal of Thai recycling policy is 

achieved. The effects of recycling policy on two aspects; the infrastructure required for re-

processing the four largest recycling materials such as paper, glass, plastic, and steel and 

recycling rate are discussed in this section.  

 

 6.2.1.1 Impact on the existing secondary material management  

 

The impact of the increase of secondary materials according to recycling target in 2011 can be 

divided into two categories: impact on available processing capacity and impact on logistics. 

 
Available domestic re-processing capacity for secondary materials 

 
Figure 6.1 presents the available re-processing capacity for secondary materials and a prognosis 

of estimated secondary material flows according to the 30% recycling target by 2011. The 

assumption is made by maintaining the infrastructure for the production sectors as of 2005. The 

available domestic processing capacity presents the offset of the total domestic production 

capacity and total production in 2005, which includes virgin materials, domestic secondary 

materials, and imported secondary materials. Since secondary materials cannot provide a 1:1 
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substitution for all raw materials, the substitution ratio is taken into account for the calculation. 

The potential maximum achievement of secondary materials is obtained from the fraction of 

individual materials in MSW. Table H.5.2 (Annex H) shows the details of the calculation.  

About 1.4 Mt of secondary glass recovery based on the achievement of the 30% recycling 

target in 2011 (Figure 5.3) exceeds about 0.2 Mt the available processing capacity in 2005. 

Hence, the limitation of the domestic glass processing infrastructure on the recycling rate should 

be carefully considered. The surplus of secondary glass materials can affect the entire glass loop 

since the over-supply of glass cullet might lead to a decrease in the market price of secondary 

glass. The international trade can be attractive for the management of this over-supply. 

Nevertheless, the high density of cullet and related transportation cost need to be included.    
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Figure 6.1 Comparison of available domestic re-processing capacity for secondary  

        materials based on 2005, maximum potential of available secondary materials in  

                   2011, and the amount of secondary materials gained from 30% recycling target  

                   in 2011 

 
On the other hand, the available domestic re-processing capacity in 2005 for paper, 

plastic, and steel surpasses the amount expected from the achievement of the 30% recycling 

target from domestic waste. About 1.2 Mt of secondary paper, 0.8 Mt of secondary plastics, and 

3.1 Mt of secondary steel can be estimated. The results show that capacity of domestic re-

processing for paper, plastic and steel are able to accomplish the recycling target by 2011 

without international trade or expansion of facility. For glass, export markets must be found or 

the domestic re-processing capacity must increase. 
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Logistics 

 
The secondary materials are principally segregated and transferred to pre-processors where the 

secondary materials are sorted into categories according to processor requirements. Despite the 

fact that the pre-processors are well established in all municipalities throughout the country 

(PCD, 2006), the distribution of secondary material processors for major recycled materials such 

as paper, glass, plastic and ferrous steel reveals a centralized location around Bangkok and its 

vicinity – within a radius of 200 km from Bangkok (Figure 5.10, 5.12, 5.14, and 5.16). The long 

hauling of secondary waste from around the country to the middle part of Thailand is obvious. 

The tracking of secondary material routes is, therefore, essential for setting up a recycling policy 

because energy consumption plays an important role in waste transportation.  

 
 6.2.1.2 Recycling rate   

   
As in Table 6.1, the maximum recycling rate of approximately 33% within the municipal 

boundary where the recycling chains are well established was estimated. This number reveals 

difficulty for achieving the 30% recycling policy. Otherwise, the recycling of unspecified waste 

in rural areas may be necessary in order to fulfill the recycling target. Therefore, the 

development of recycling mechanisms in rural areas is required, particularly for glass and steel. 

It should be noted that the assumption has not taken barriers to the recycling rate such as public 

participation, influence of informal recycling network, limit of infrastructure etc. into account. 

Approximate 42% is the largest potential recycling rate based on current limitation (Table 

6.1). The calculation is performed according to the available re-processing capacity for 

secondary materials: glass, paper, and plastic. Although the available re-processing capacity for 

steel presents large room for secondary steel, the maximum steel recycling rate is dependent on 

domestic consumption. The number does not take the influence of economics, industries and 

trades into account. This proposed number is similar to an estimation of secondary materials 

gained from MSW in 2001 (PCD et al., 2003) although different calculation methods are used. 

The PCD information used the fraction of target recycling materials (glass, paper, plastic, and 

steel) contained in MSW for compilation of the maximum recycling rate. Non-recyclable 

materials were included. 

End-of-life recycling efficiency rate (EOL-RER) relates the amount of material recycled 

available as end-of-life products. The EOL-RER is the essential tool for addressing the future  

 

 



148 

Table 6.1 Anticipation of secondary materials in 2011 based on 30% recycling target,  

     available re-processing capacity, and potential maximum recycling rate   

 
Items Glass Paper Plastic Steel Total

Amount targeted secondary materials in MSW in 2011  1.93 3.26 2.59 1.75 9.53 

Maximum potential of available secondary materials in 

municipal boundary 

1.24 2.07 1.65 1.13 6.09 

Amount required for 30% recycling target 1.35 1.66 0.64 1.73 5.38 

Domestic  consumption (2005) 1.2061 3.47 1.5562 2.3463 8.55 

Available re-processing capacity for secondary materials (2005) 1.13 2.86 1.44 4.79 10.22 

Maximum  recycling rate (recovered materials (either domestic 

consumption or available re-processing capacity for secondary 

materials is higher) divided by total MSW)  

6% 15% 8% 13% 42% 

End-of-life recycling efficiency based on 30% recycling target 

(recovered materials divided by total fractions in MSW) 
70% 51% 25% 99% N/A 

Percent of 2008 recycling target set in the amended Packaging 

and Packaging Waste Directive (2004/12/EC)      
60% 60% 22.5% 50% N/A 

Source; Maximum available production obtained from Figure 5.9, 5.11, 5.13 and 5.15 

N/A: Not applicable (Unit: Mt) 
 

materials supply (Reck and Gordon, 2008).  In this study, in regard to maintaining the ratio of 

individual recycling waste fractions as of 2005, all targeted secondary materials show difficulty 

in achieving the recycling goal in 2011 because a high EOF-RER is required (Table 6.1). Most 

of the secondary materials (except paper) have percent EOF-RER greater than the 2008 recycling 

targets indicated in the EU - Packaging and Packaging Waste directive (2004/12/EC), which the 

advanced waste management countries must achieve accordingly.  

The MFA results show that the recycling target also can be achieved through the 

alternative of recovering organic waste (scenario C and G). To accomplish a 13% organic waste 

recovery in scenario C, a capacity of 2.2 Mt MSW of biological treatment increasing from 2005 

is required (Figure 5.4). Home composting in rural areas of 7% of total MSW in scenario G 

increases overall Thai waste recovery rate to 24% (Figure 5.8). In fact, Thailand is situated in a 

tropical area where the climate is appropriate for organic waste degradation (Kootatep et al., 

                                                 
61 Number taken from container glass only 
62 Number taken from short-lived plastic only 
63 Number taken from container steel only 
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1998). Besides, organic waste fraction in MSW accounts for about 10.3 Mt (55.6%64 of total 

MSW) in 2011. The biological treatment, therefore, shows a potential increase in the recycling 

rate. Nevertheless, the high contamination of waste components i.e. glass, plastic in compost 

produced from non-source separated MSW introduces limitations to a composting market in 

Thailand (Muttamara et al., 2004; Fujii, 2008)).   

  

6.2.2 Safe residual waste management policy  

 

In this section the impact of achieving a safe residual waste management policy is presented. The 

discussion is divided into two subsections: how the scenarios contribute to reaching the safe 

residual waste management targets and what effects this target has on the required waste 

management infrastructure 

 

6.2.2.1 Impact on percent achievement of safe residual waste management 

 

With regard to the definition stated in Agenda 21 (Table 2.4), the safe residual waste 

management is a treatment or disposal method that is conformed to national or international 

environmental and health quality guidelines. In fact, incineration is the only waste treatment and 

disposal method in Thailand that can comply with this definition. Although the biological 

treatment in Thailand using commingled waste as a normal input can be classified as mechanical 

biological treatment (MBT) (as process description in Archer et al., 2005), this process is 

categorized as an unsafe operation because air emissions from biodegradation are not collected 

and treated. Furthermore, the ban on using compost derived from commingled waste was 

implemented in many countries in Europe (for example, the ordinance on the utilization of bio-

waste (BioAbfV, 1998) in Germany). Additionally, most land disposal methods currently 

operating in Thailand do not comply with safe disposal methods for MSW (PCD et al., 2003). 

The uncontrolled landfill gases due to insuffient lining of engineered landfills, open dumping 

conditions, and open burning are severely impacting the environment. Therefore, these methods 

are classified in this research as unsafe disposal methods for waste management. 

                                                 
64 Calculation based on MSW 18.6 Mt in 2011 and fraction of food waste, garden waste, wood, and paper and  

    cardboard in MSW  obtained from Table C.1 MSW from household (modified with adding sorted recycling 

    waste (Annex C) 
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Table 6.2 presents the prognosis of safe residual waste management in Thailand for 

various scenarios. Disregarding the recycled fraction, the safe residual waste management in 

scenarios A, B, C, and D is far below the targets; 50% safe residual waste management target in 

2005 for developing countries according to Agenda 21, Chapter 21 and 40% safe residual waste 

target in 2011 as proposed by the Environmental Quality Management Plan. Scenario E, F, and 

G show the potential achievement of a safe residual waste policy by upgrading engineered 

landfills and reducing open dumping landfills as well as open burning and organic fraction in 

rural areas.   

 According to the overall MSW streams, other than the increase of upgraded final disposal 

of residual waste as mentioned in safe residual waste management policy, the increase of organic 

waste recovery (scenario C and scenario G) shows the potential to reduce unsafe residual waste 

management (Table 6.2). Hence, the policy regarding MSW management can represent the 

whole life cycle thinking of MSW management rather than consideration of safe residual waste 

alone.  

Landfilling of organic waste causes severe impacts to the environment. The biological 

decomposition results in the production of landfill leachate and greenhouse gas emissions 

(Ylijoki et al., 2004). In addition, a potentially valuable resource is wasted. In EU, the council 

directive 1999/31/EC on the landfill of waste, establishes a target aiming to ensure the reduction 

of organic waste based on total amount of organic waste produced in 1995 (Table 6.3). Apart 

from upgrading landfills, diverting organic waste away from landfill is an alternative for 

achieving policy targets related to safe residual waste management. For instance, in Table 6.2 

based on organic waste produced in the reference year in 2005, the remarkable reduction of 

organic waste to landfill in particular via the increase of recycling rate (scenario B) and the 

increase of organic waste recovery (scenario C) is close to the target in 2006 set up by the EC 

directive on landfilling waste. This reveals the reduction of potentially adverse impacts to the 

environment by decreasing degrees of unsafe residual waste management. It should be noted that 

about 10% reduction of organic in 2005 could be made by only recycling paper (scenario A). 

Moreover, the absolute target as set up in this directive can be adopted to investigate safe 

residual waste management without interference from fluctuation of recycling and recovery rates 

and the growth of MSW generation in future waste management. 

 

 

 

 



151 

Table 6.2 Anticipation of management of safe residual waste and MSW, and reduction of  

      organic waste going to landfill and open burning in Thailand (2011) based on the 

                 set up scenarios 

 
Scenarios 

Treatment/Disposal 
A B C D E F G 

Unsafe residual waste management  

Biological treatment65 0.11 0.11 1.19 0.17 0.11 0.11 0.11 

Engineered landfill 4.95 4.01 4.81 4.73 0 0 0 

Open dumping landfill  3.59 2.92 2.58 2.92 2.42 3.61 3.60 

Open burning 6.74 6.03 6.74 6.74 6.74 5.54 5.54 

Total  15.39 13.07 15.32 14.56 9.27 9.26 9.25 

Percent unsafe residual waste 

management  
99% 99% 99% 94% 60% 60% 60% 

Percent unsafe MSW management 83% 70% 82% 78% 50% 50% 50% 
Safe residual waste management        

Incineration 0.13 0.13 0.13 0.92 0.13 0.13 0.13 

Sanitary landfill 0 0 0 0 6.12 6.14 4.95 

Composting (rural area) 0 0 0 0 0 0 1.20 

Total  0.13 0.13 0.13 0.92 6.25 6.27 6.28 

Percent safe residual waste management  1% 1% 1% 6% 40% 40% 40% 

Percent safe MSW management 1% 1% 1% 5% 34% 34% 34% 
Secondary materials        

Secondary materials 3.05 5.38 3.12 3.09 3.05 3.05 3.05 

Percent secondary materials recovery  16% 29% 17% 17% 16% 16% 16% 

Percent reduction of organic waste66 

going to landfills and open burning in 

200567   

90% 76% 76% 83% 89% 90% 83% 

Unit: Mt 

 

 

 

                                                 
65 Amount of residual waste from biological treatment is excluded from biological treatment and is diverted to  

    landfill. 
66 Organic waste means biodegradable waste  that is capable undergoing to anaerobic and aerobic decomposition,  

    such as  food and garden waste, paper and paperboard (Directive 1999/31/EC on the landfill of waste (EU, 1999)) 
67 Based on calculation procedure in Table G.5.3 (Annex G)   
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Table 6.3  National strategy for the implementation of the reduction of organic waste  

       going to landfills issued by EU (1999) 

 

Target year Reduction of (percent by weight) of organic waste going to 

landfills in 1995 

2006 75% 

2009 50% 

2016 35% 
Source; Landfill directive (EU, 1999) 

 

6.2.2.2 Effect to waste management infrastructure 

 

To achieve the target of safe residual waste management, the assessment of impact on existing 

infrastructure for waste disposal is necessary. In addition, the assessment of handling capacity is 

important to evaluate the potentially upgraded facilities. 

According to scenario E, about 1.2 Mt (3,288 tpd) of safe residual waste mnagement is 

required. Two and 39 open dumping landfills in city and town municipalities respectively, which 

account for 1,773 t/d of residual waste must be upgraded (Table 6.4). In township municipalities, 

the upgrade of some 225 open dumping landfills which are capable of approximately 1,515 t/d of 

residual waste being landfilled can be estimated (Table G.5.2, Annex G). In total, an enormous 

upgrade of 373 landfills is needed to reach the 40% safe residual waste management in 2011 

based on the assumption of scenario E.  

Scenario F shows the other alternative for gaining 40% safe residual waste management 

by diverting about 1.2 Mt of open burning residual waste to sanitary landfills (upgraded from 

engineered landfill)  (Table 6.2). Under these circumstances, 107 engineered landfills (Table 6.4) 

are required to enlarge their capacity to handle an extra 3,288 t/d. It should be noted that the 

additional residual waste does not affect the existing operation because, based on a simple 

average, only 3168 t/d per landfill can be estimated. 

To achieve 40% safe residual waste management, home composting in rural areas 

(scenario G) requires about 1.2 Mt of organic waste to be diverted from the unspecified waste 

flow (Table 6.3). With maintaining waste management quantity and the similar waste 

                                                 
68 The average number derives from the extra 3,288 t/d residual waste divided by 107 sanitary landfills. 
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management infrastructure as of scenario F, only total upgrade of 107 engineered landfills can be 

evaluated without an extra 3,288 t/d MSW handling as of scenario F (Table 6.4).    

 

Table 6.4  Number of upgraded landfills to achieve 40% safe management of residual waste   

                  in 2011 

 

Scenario E Scenario F Scenario G Landfill 

types Bangkok 

& city 

Town Township Bangkok 

& city 

Town Township Bangkok 

& city 

Town Township 

Engineered 

landfill 
25 64 18 25 64 18 25 64 18 

Open dumping 

landfill 
2 39 22569 N/A N/A N/A N/A N/A N/A 

Open burning N/A N/A N/A Diverted to sanitary landfill Diverted to home composting 

Total 27 103 243 25 64 18 25 64 18 

Grand total 373 107 107 

 

6.2.3 Alternative energy policy 

 

In order to achieve the alternative energy targets for MSW treatment, the EPD plan provides the 

fixed targets; 2.5 MW and 100 MW from AD and incineration respectively. The targets result in 

an increase of 0.1 Mt (274 t/d) input to biogas plants and required waste incineration capacity of 

1.0 Mt (2,740 t/d) (Table 6.2). Even though the demand for AD is boosted about three folds 

compared to the base case, the absolute increase is not considered as significant. Based on a 90 

t/d existing treatment capacity of the Rayong biogas plant (the largest MSW AD plant in 

Thailand) only three additional AD plants are required.  

In terms of incineration, residual waste derived from one of three transfer stations in 

Bangkok administration can cover the quantity demanded to achieve the alternative energy 

target. The development of incinerators in the Bangkok area, however, is of interest because the 

terms of contract for hiring waste disposal subcontractors in Bangkok will end in 2015 (BMA, 

2005a). With the criteria of a minimum of  275 t/d of MSW provided and 2,000 km2 area (clause 

3.2), the four provinces situated around Bangkok (recognized as greater Bangkok metropolitan 

                                                 
69  Average 7 t/d of landfill capacity of township municipalities is determined by the division of quantities of   

     residual waste with number of landfill operating in township municipalities (Table G.5.2, Annex, G). 
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area) reveal the possibility to develop waste to energy from incineration (Table 6.5). Figure 6.2 

illustrates the proposed four locations of potential waste to energy incinerators. 

 

Table 6.5 Potential provinces for development of incinerators in order to achieve the 

                 alternative energy target in 2011 

 

Provinces MSW collected (t/d) Area (km2) 

Samutprakarn 1,207 1,004 

Nonthaburi 689 622 

Pathumthani 402 1,904 

Samutsakorn 346 872 

 

To implement the alternative energy target through waste incineration, not only high 

expenditures for the construction and operation of incinerators, but also long term project 

development are obviously required. In addition, the efficiency of energy recovery from 

incineration in this study is apparently low (about 5% obtained from electricity generation only 

(Table 4.12)) compared to average 70-85% reported in the reference document on the best 

available techniques (BREF) for waste incineration (EC, 2006). The low energy efficiency 

results from low calorific MSW and lack of a using combined heat and power units (CHP) in 

tropical areas. The low calorific MSW causes from a high content of organic waste in MSW 

composition.  Consequently, alternative energy recovery from other sources, i.e. landfill gas and 

refuse derived fuel (RDF), reveals the possibility of a short term increase in the percent of the 

alternative energy target. Through the distribution of cement kilns in Thailand, the recovery of 

high calorific fractions from MSW (Figure 6.2) could be an alternative option for increasing 

alternative energy generation from waste. To make the alternative energy production from other 

sources more attractive, financial incentives have to be implemented. For instance, the Danish 

government subsidizes 0.01 € (0.5 Baht)/kWh for power produced on the basis of renewable 

energy (Heron Kleis et al., 2004). Moreover, the financial strategy of non-renewable power, for 

instance, CO2 taxes, taxes on non-renewable power etc. should be considered 
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.    

 

Figure 6.2 Locations of potential development of waste to energy incinerators and cement 

                   kilns 
Source; Annex H.5.3 

  
6.3 Priority for policy making based on environmental and economical information 

 

In this section, the approach of MFA results is further analysis of environmental and economical 

impacts. The investigation can provide basic information for policy making. To identify the 

waste management strategy, the proposed scenarios are discussed. In addition, the combined 

analysis of the environmental impact and full cost is used to propose SWM priorities. 

 

6.3.1 Environmental information  

 

In order to facilitate comparisons of the environmental impact across impact categories of the 

proposed alternative waste management scenarios, a normalization is used to determine results 
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relative to reference values where the different impact potentials and consumption of resources 

are expressed in a common reference in person-equivalents (PE) (Stranddorf et al., 2005b). In 

this study, global normalization references according to EDIP97 (Table 2.10) are used to 

normalize the different impact categories of LCIA results. Figure 6.3 presents the results of 

seven future waste management scenarios in the reference unit (personnel equivalent (PE)).  
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Figure 6.3 Potential environmental impacts of forecast MSW management scenarios in  

                  Thailand (2011) based on normalization of all impact categories   

 

  Reducing the fraction of open burning by 1.2 Mt and diverting it to sanitary landfill 

(scenario F) and recovering of 1.2 Mt of organic fraction in rural areas and subsequently 

reducing open burning fraction (scenario G) are surprisingly superior to the scenario achieving 

the recycling target (scenario B) where 2.4 Mt of secondary materials are recovered but no 

changes in the waste disposal practices are made. With comparison with scenario F, scenario G 

reveals the larger reduction of environmental impact potentials because the credit from 

commercial fertilizer substitution and avoided open burning fraction (reduction 2E+07 PE/t 

waste (wet) compared to scenario F). In addition, despite a different diversion of 2.2 Mt of mixed 

residual waste to biological treatment (scenario C), 1.0 Mt of waste to energy (scenario D), and 

1.2 Mt from open dumping landfills to sanitary landfills (scenario E), the impact potential (PE) 

are very similar to the base case and do not show a significant improvement. This finding 

confirms that the environmental impact of open burning is much more severe than well-

controlled combustion source (Lemieux et al., 2004) and use “other treatment and disposal 

processes”. Dioxins indicate the largest influence on normalization quantities. The incomplete 

combustion of open burning is the one major source of dioxin emissions (Lemieux et al., 2004; 
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EPHC, 2005).  

  All scenarios show an insignificant environmental impact from collection and 

transportation services compared to treatment and disposal activities. It accounts only 0.1% of 

total impact potential by waste management activities (Table K.3, Annex K). The result complies 

with Finneveden et al. (2000) and Eriksson et al. (2001) who indicated that, without 

consideration of waste transported by passenger car, the transportation of waste was of little 

significance and has no influence on the ranking of treatment options based on LCA study.  

  With regard to the impact categories, Figure 6.4 presents a comparison of normalization 

with seven different impact categories: SOD, POF, NE, AC, GWP, ET, and HT. The credit from 

substituting virgin materials and from preventing non-hygienic MSW disposal of recycling 

policy (scenario B) avoids gaining environmental impacts particularly HT, NE, AC and GWP. 

The upgraded engineered landfills and open dumping landfills decline emissions of harmful 

substances from landfill gas, for instance CFCs and CH4 (major substances of SOD and GWP 

respectively (Stranddorf et al., 2005a). The diversion of open burning either to sanitary landfills 

or to home composting results in a decrease of emission combustion substances ET (mainly 

dioxins and PAHs), HT (mainly dioxins) and POF (mainly VOCs, CO, and CH4). The diversion 

of MSW originally disposed of at non-hygienic landfills to the alternative energy scenario and 

the biological treatment scenario shows a reduction of GWP.   
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Figure 6.4 Comparison of normalized environmental impacts for seven SWM scenarios 

                   according to the impact categories (Thailand, 2011) 
Source: Table K.2 (Annex K)  
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  Potential AC is mainly caused by NOx, SO2 and HCl from combustion processes 

(Stranddorf et al., 2005a). Like other impact categories, open burning is the largest source of AC 

followed by biological treatment and energy scenarios, respectively. The decrease of open 

burning in scenario F avoids AC emission. On the other hand, the avoided open burning fraction 

in scenario G increases AC emission compared to the base case. This is caused by the larger 

emission of AC substances generated by untreated decomposition gas of home composting than 

the avoided open burning fraction. Despite being well equipped with flue gas treatment, the AC 

potential of the incineration scenario reveals higher emissions than the base case.  

Apart from open burning emissions, the lack of hygienic operations in biological 

treatment processes (for instance, AC from commingled MSW feedstock, NE released from 

uncontrolled air emissions of decomposition, etc.) makes scenario C the scenario with the least 

reduction of potential environmental impact. The uncontrolled emissions from biological 

processes give scenario C the largest NE and AC emissions. In addition, commingled waste, 

which is normally fed as a raw material in Thailand, shows high potential in ET and HT even 

though the fine screen during the end process is performed. The result is relevant to Amlinger et 

al. (2004) who analyzed the potential toxic elements in compost products derived from source 

separated and non-source separated collection. The study shows that the proportion of physical 

impurities in the input wastes have an effect on their toxic concentrations in the resultant 

compost. Final screening at the end of the composting process does not fully remove the 

pollutant input introduced by impurities in the raw material. Due to assumption of source 

separated organic waste in scenario G, the NE and AC shows slight increase compared to the 

base case. The uncontrolled emissions from biological processes are the main cause. 

  Nevertheless, it should be remarked that the impacts on ET and HT shows about 1,000 

magnitudes different from other impact categories (Figure 6.4). The emission from non-sanitary 

operation of waste management, in particular the effect of open burning, is the major source of 

ET and HT. The influence of ET and HT impact potentials can obviously lead to other 

environmental impacts insignificant. Without considering the impact of ET and HT potentials, 

like other LCA approaches (Finnveden et al. (2000), Villanueva et al. (2004)), the recycling 

scenario shows the greatest avoided impact potential following with two scenarios of open 

burning diversion (scenario F and G) as present in Figure 6.5.  
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Figure 6.5 Comparison of normalized environmental impacts for seven SWM scenarios  

                  disregarding impact potential from ecotoxicity and human toxicity (Thailand,  

                  2011) 

 

6.3.2 Economic information  

 

In this section, net costs as the difference of the total expense of various scenarios and revenues 

from by-products are presented (Figure 6.6). The total expense derives from the FCA of the 

overall waste management activities starting from investment, operation to closure and post 

closure care. Basically the expense of MSW management is paid to municipal staff, construction 

contractor, and operational subcontractor through municipal budget. The revenues are gained 

from the sale of recycling materials, electricity production, and compost product. The benefits 

from avoided impact potential are not monetized and accounted for. 

  It should be noted that the hauling costs of recycling material and the revenues of 

secondary materials strongly affect the financial result. Therefore, the revenues from the sale of 

recycled materials in scenario B make scenario B the only scenario where the net cost decreases 

compared to the base case. In contrast, recycling activities of scenario B (transportation in 

particular) shows the largest total expenses compared to the base case (scenario A). Due to low 

yield of compost production (about one-forth of input) where commingled MSW is fed to the 

process as input (Figure 3.6), the revenues gained from compost products (scenario C and G) 

slightly increase from the base case. Despite increases in financial incentives for electricity 

production from alternative energy (scenario D), the low efficiency of electricity production 

leads to an insignificant increase of revenue compared to the based case. 
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Figure 6.6 Net costs of forecast MSW scenarios in Thailand (2011)  
Source: Table J.12 (presented in € currency) 

 

In terms of the 40% safe residual waste management target, the development of logistic 

networks for waste collection and transportation in rural areas and upgrading engineered landfills 

make the total expenses for scenario F higher than other waste treatment scenarios (excluding the 

recycling option in scenario B). The upgrading of open dumping landfills and engineered 

landfills (scenario E) leads to an increase of 10% in full costs compared to the base case. It 

should be remarked that scenario G shows the lowest total expense compared to other scenarios. 

Only a 2% increase from the total expense of the base case can be shown. The cost of upgrading 

engineered landfills primarily causes such an increase. 

  The cost basically reflects the actual operation based on local condition. The results of 

FCA of treatment and disposal facilities in this study are uncertain. For example, the cost of 

incineration as operating in Thailand is only 1,048 Baht/t (21 €/t) compared to 5,250 Baht/t (105 

€/t70) in Germany (Tsilemou and Panagiotakopoulos, 2006). In addition, the cost of landfill in 

town and township municipalities is extremely high about 1,240 Baht/t (25 €/t) compared to 469 

Baht/t (9 €/t) in city municipalities or even higher than actual incineration costs in Thailand. The 

reason is that those landfills in town and townships were constructed with international standards 

to manage less than 30 t/d MSW. Nevertheless, these costs are not sensitive to the result because 

the volume of MSW managed in these facilities is insignificant.  

                                                 
70 Based on 100,000 tonne/year incineration capacity  
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  Nevertheless, based on the result, the improper waste management in Thailand has 

extreme effects on human toxicity and ecotoxicity i.e. impact on dioxins from open burning 

emission, impact on human health from open burning emission, untreated gas from composting 

process, groundwater and surface water contamination etc. These hidden costs therefore are 

possible to have an influence on the FCA result. Thus, to facilitate and standardize the cost 

analysis and to make them consistent, a national standard for cost calculation for waste 

management including external costs should be created.  

 

  6.3.3 Decision support for setting priority for waste management  

 

In this section, the results gained from the two DSTs: LCA and FCA are used to support decision 

making in the waste management policy. To prioritize waste management options in Thailand, 

the potential environmental impacts derived from LCA and economic impacts derived from FCA 

are given for different recycling and/or recovery rates. Since the revenue from secondary 

materials is remarkably influential to economics, the relations of the net cost (including revenue 

from secondary materials) and total expense (excluding revenue from secondary materials) to 

impact potentials are discussed.  

The influence of policy targets such as recycling and recovery targets, the alternative 

energy target, and safe disposal on environmental and economic impacts that are related to waste 

management in Thailand for 2011 are summarized in Figure 6.7 and 6.8. The relations of 

including and excluding the revenues from secondary materials are presented.  In order to adopt 

a sustainable form of waste management in Thailand, a combination of waste management 

techniques or integrated methods of management is essential to support decision making (Chaya 

and Gheewala, 2006). In this study, the variations in the recycling rate and achievement of 

treatment and disposal policies, therefore, are combined. Policy makers can use these relations to 

prioritize the setting up of a policy based on the environmental and economic information.  

  With regard to establishing priorities for a waste management policy, the decision-

making should be attentive to the objectives of the policy making, for instance, whether to 

address net costs and/or the impact potentials. In this study, the upgraded engineered landfills 

and home composting scenario show the most attractive waste management policy. With similar 

recycling/recovery rate, the lowest impact potential and least net cost of home composting 

scenario can be shown. The secondary material shows an influence to the trend of reduction of 

the net cost and impact potentials of all scenarios except for the scenario of organic waste 

recovery in urban areas (Figure 6.7).  
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Figure 6.7 Relation of waste management policy in 2011 to environmental impact and  

        economic impact (with revenue from secondary materials) 

 

According to the scenario of obtaining organic waste for the recovery inside municipal 

boundaries (scenario C), the low yield of compost production from current biological treatment 

processes in Thailand results in high net expense per unit of output product. There is minimal 

revenue acquired from this scenario and there is also a less decreased in the impact potentials. 

Organic waste recovery in urban areas is, therefore, of interest in this study.   



163 

0 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500
0

2500

3000

3500

4000

4500
Im

pa
ct

 p
ot

en
tia

l (
M

PE
/y

ea
r)

 

Total expense (Baht/tonne waste (wet))

 Maintaining treatment/disposal fractions as of 2005 (Base case)
 Variation of recovery rate from organic waste
 Maintaining 8% alternative energy target
 Maintaining 40% safe disposal by upgrade engineered landfill and open dumping diversion
 Maintaining 40% safe disposal by upgrade engineered landfill  and diverting open burning to 

          sanitary landfills
 Maintaining 40% safe disposal by upgrade engineered landfill  and diverting open burning to 

          home composting in rural areas

29
%26

%23
%20

%17
% Recycling/recovery rate

Figure 6.8 Relation of waste management policy in 2011 to environmental impact and  

        Economic impact (without revenue from secondary materials) 

 

  To show the relevance of fluctuating prices in secondary material markets, the revenues 

from the recycling process were not considered for the analysis as presented in Figure 6.8. Thus, 

this figure shows total expenses (based on description in Table 3.3) for the analyzed scenarios. 

To prioritize waste management options based on total expense and environmental impact 

potential, similar to the net cost consideration, avoiding the open burning fraction through home 

composting seems to be the most attractive policy in terms of a good ratio of avoided impact and 

net costs. The trend of total expense of organic waste recovery in municipal boundaries is similar 

to the net cost (Figure 6.7). This is caused from excluding the sale of dirty compost in this study.   

Scenario F of upgrading engineered landfills and diverting waste from open burning 

presents the second most attractive policy. Although the increase in collection and transportation 
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of residual waste from rural areas to be disposed at existing engineered landfills in municipal 

boundaries is obvious, the impact potential from fuel emissions is insignificant compared to open 

burning emissions. The results are relevant to Wanichpongpan and Gheewala (2006) who used 

LCA to assess landfilling in Thailand. They proposed that a large centralized landfill is more 

advantageous in term of environmental impacts than having small localized landfills, despite 

lower transportation for the latter case. Furthermore, the management of residual waste in rural 

areas has a massive influence on the results. In this context, the diversion of open burning 

fraction should be set up as the first priority for short term waste management in Thailand.  

  In terms of setting up waste management priorities with both net cost and total expense 

consideration, the results are identical to Brunner and Fellner (2007) who proposed waste 

management strategies in less developed countries. The literature reported that an improvement 

in the disposal system is the most effective method to reach the first objectives of solid waste 

management toward the protection of human health and the environment. In addition, the results 

support McDougall et al. (2001) who criticized that the waste hierarchy concept is not an 

appropriate strategy for sustainable development because this concept cannot provide the overall 

impact assessment and cost analysis for waste management. Moreover, EAI (2005) stated that 

the fixed target setting in the waste hierarchy is not able to change the demand of disposal 

methods or potentially influence material choice toward more sustainable options. Therefore, a 

life-cycle thinking concept and improvement of the disposal system are essential components of 

strategic waste policies in developing countries where the budget is limited.   

 It should be remarked that the recyclable materials obtained from municipal boundaries 

are not enough to achieve more than a 23% recycling rate. The development of a recycling chain 

in rural areas where most of the household waste is not collected and open burning is a common 

disposal method, therefore, is important for the achievement of the recycling target. The complex 

shipment of secondary materials from rural areas to the municipality and finally reprocessing 

manufacturers results in a rise in the total expenses.  



Chapter 7 
 

Conclusions and recommendations 
 

This study explored the insights of using three decision support tools (DSTs) for waste 

management -- MFA, LCA, and FCA in order to evaluate national Thai waste policy. General 

method-related conclusions concerning the use of DST in regard to data management, 

specifically under the conditions of developing countries, can be drawn. However, the more 

general question of ‘how to set effective policy targets?’ must be addressed. There are a 

number of consequences related to Thai waste management that come from the existing 

targets including the building of additional infrastructure  

 
7.1 Decision support tools for waste management evaluation in developing countries 
 
As the exemplary evaluation of different scenarios demonstrates, MFA, LCA, and FCA are 

suitable DSTs to assess waste management in developing countries. MFA is a basic tool in 

not only providing mass flow data to LCA and FCA but also forecasting the effects of the 

economy wide material flows and describing interrelationships between industrial production 

and waste management policy. For instance, the results of an increasing amount of secondary 

materials resulting from the recycling target can be anticipated. A policy maker can use this 

information to plan required treatment capacity based on waste flows and national available 

processing capacity for secondary materials. The limitations of MFA in describing the 

environmental and economic impact of waste management, however, were clear. Thus, the 

combination of MFA with LCA and FCA is useful to evaluate integrated waste management. 

Using LCA to identify the environmental impacts at the national level reveals a benefit 

in establishing an environmental-oriented waste management policy. Based on a scenario 

comparison a more advantageous strategy can be chosen thereby reducing the environmental 

impact. Since there are many nationwide waste management facilities (i.e. different waste 

collection and transportation trucks, varying fuel consumption, and various landfilling 

conditions), the average data from actual operations in different regions is necessary in order 

to represent national information for use in a standard model. Additionally, the lack of LCI 

data on secondary material processing in developing countries was problematic. Therefore, 

default values of EASEWASTE based on industrialized countries were used to represent the 

existing conditions in Thailand. In future studies, the environmental impact of secondary 

material processing in developing countries should be investigated. 
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FCA is able to measure total expenses and net costs of waste management including 

collection, processing, and sale of recycled materials as well as costs related to the final 

disposal. This tool also quantifies revenues from substitution of secondary materials for virgin 

materials. The business-like approach of FCA is helpful in conveying the real costs of waste 

management options rather than conventional budgeting analyses. In addition, FCA is able to 

compare the appropriate waste management options. Like LCA modelling, the average 

national data gained from regional operations is required. It should be noted that FCA in 

general does not cover external costs. As a result, the effect of externalities was not integrated 

in the FCA results. In developing countries, there are major environmental impacts in terms of 

human toxicity and ecotoxicity through improper SWM. Thus, the negligence of external 

costs can possibly skew the economic assessment. There is still a research  need for accurate 

monetary assessments of environmental impacts in developing countries 

 
7.2 Policies related to waste management   
 

To achieve the recycling target, hindering barriers need to be considered and 

addressed. These barriers include market orientation of the present stakeholders on recycling 

activities such as the informal sector and households, the extra distribution of secondary 

material processors, a lack of supply chains in rural areas, and the limitation of domestic 

processing capacity and international markets. Furthermore, additional recoverable materials, 

such as organic waste, must be considered. Otherwise, the achievement of the 30% recycling 

target from secondary materials alone might face difficulties.   

The waste management activity in Thailand with the most significant environmental 

impact was open burning of unspecified waste. As a result, safe residual waste management 

(i.e. the diversion of open burning) is superior in the solid waste management hierarchy in 

rural areas than other options such as recycling and organic waste recovery, which are 

superior in urban areas. Moreover, within the context of waste management options in rural 

areas, the diversion of organic waste to home composting- is preferable to landfilling. 

Not only upgrading landfills, but organic waste recovery also supports the 

achievement of 40% safe residual waste management.  In fact, both composting and AD in 

Thailand rely on processing mixed MSW with the outcome of low quality compost products 

and difficulty in unit operation (i.e. require additional screening process for composting and 

obstructed by plastic binding at agitator axis). Subsequently, the increase of organic waste 

recovery without source separation and hygienic operation should be avoided to achieve a 

sustainable waste management.  
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To achieve the 8% alternative energy target, waste incineration is an option but this 

option requires long term project development. The alternative ways of energy recovery, i.e. 

landfill gas utilization and refuse derived fuel (RDF) segregation and use, are possibly easier 

to implement. 

The “30% recycling” policy reveals noticeable additional expenses compared to the 

other policies. The additional costs are the result of complex collection of recyclable materials 

and long hauling distances to reprocessing facilities in central Thailand.  

The results show a significant contribution from non-existing and improper management 

of unspecified waste by open dumping and open burning in rural areas. Due to the lack of 

waste management service in these regions the largest environmental benefits would be 

derived from diversion of unspecified waste to hygienic treatment options.  

 
7.3 Infrastructural consequences of the actual Thai waste management policy 

 
According to the results, the effects of Thai waste policies on required waste management 

infrastructures reveal the need for construction of numerous treatment and disposal facilities. 

To achieve the alternative energy target, four more large scale incinerators (capacity 400-

1,300 tpd) and three more biogas plants (capacity 70 tpd) would be required. In terms of safe 

residual waste management, an upgrade to 107 engineered landfills and 266 open dumping 

landfills would be required countrywide to decrease the open dumping percentage.  

 With the existing infrastructure for re-processing secondary raw materials, the paper, 

plastic and steel industries are able to process the flow of secondary materials derived from 

the 30% recycling target without additional international trade. In contrast, glass industries 

show a lack of available reprocessing capacity in Thailand. The policy makers, therefore, 

must consider the existence of current infrastructure and markets for processing secondary 

materials.   

 
7.4 Recommendations 
 
The recommendation can be divided into two sections: recommendation on the general use of 

models for decision support in waste management and recommendation on the actual Thai 

waste policies.  

In terms of general use of the DSTs to analyze waste management in this study, the 

following recommendations can be made; 

• In developing countries, the use of DSTs, which are generally developed in 

industrialized countries, require additional attention. For instance, based on 
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EASEWASTE program, the software is not able to cover the informal recycling 

waste collection schemes. Besides, the biological treatment process of co-mingled 

waste cannot be placed after MRFs. Thus, the integration of all recycled waste from 

the entire process and placing them as source separated fraction are recommended. 

• The reliability of extremely sensitive data such as uncertainty in the forecasted 

population impacting the MFA results, the emissions from the open burning fraction 

impacting the LCA results, and the fluctuation of secondary material prices 

impacting the FCA results shall be improved.  

• The external cost and social aspect were not investigated in this study. These factors 

can improve the reliability of evaluation of SWM in particular the relation of 

environmental, social, and human impact. Therefore, the external cost and social 

aspect shall be further evaluated for future work.   

• The use of DSTs for implication of waste management policy in other developing 

countries shall be further assessed through comparable studies carried out on a 

national level.   

According to Thai waste policies, the following subjects are recommended. 

• The data on waste management and waste flows that was used in this study should 

be periodically updated. As a result, the dynamic behaviour of waste management 

systems and the corresponding waste flows relative to policy targets could 

subsequently be observed. 

• The development of national accounting systems and a database on waste flows as 

well as overall raw material flows is useful for establishing priorities, forecasting 

trends, and advising policy-makers on sustainable strategies.   

• Tools to support decision making on the municipal level must  further be developed.      

• Due to the limits of the environmental budget, a national strategy that includes all 

policies related to waste management should be harmonized. 

• There are other opportunities to achieve the SWM target apart from reducing the 

severe impact of improper SWM. For example, if the infrastructure were to remain 

the same, the reduction of MSW generation also has the potential to decrease the 

negative effects from SWM. Furthermore, policy-makers in developing countries 

can learn from the experiences of advanced countries (i.e. Germany) by adopting or 

refining strategies  for SWM.   
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A.1 Hazardous waste  
 
The hazardous waste according to  the regulation  and guideline of MSW management (PCD, 

2001) defines to any waste which is contaminated or composed of hazardous substances 

including explosive substances, inflammable substances, oxidizing and peroxidizing substances, 

toxic substances, pathogenic substances, radioactive substances, genetic transforming 

substances, corrosive substances, irritating substances or other substances whether chemical or 

not, which may caused anger to human beings, animals, plants property or the environment.    

In 2005, PCD estimated hazardous waste generated from municipality and industry 

approximately 0.38 and 1.41 tonnes  respectively (Table A.1). Bangkok, capital city of Thailand, 

seized two-third of total hazardous waste. In general, the percentage of hazardous waste 

contaminates in municipal waste is approximate 3% of total disposal municipal waste (PCD, 

2005). This amount has included infectious waste and e-waste. Although, PCD has launched the 

cluster establishment for municipal hazardous waste disposal facility in 2005, there is no facility 

that has been set up in countrywide so far. As a result, almost of hazardous waste has not been 

sorted and is still disposed of along with municipal waste (PCD, 2005).The Figure A.1.1 presents 

the mass flow and transfer coefficient of hazardous waste management in Thailand. Since the 

proper disposal in 2005 showed only 0.01% of total hazardous waste generation, the assumption 

of all hazardous waste disposals with municipal solid waste, thus, is made.   

 
Table A.1.1 Hazardous waste management in Thailand, 2005 
 

Sector Generation (Mt/a) Disposal (Mt/a) Remarks 
Industry 1.41 0.28   
Municipality 0.38 0.00005 Excluded infectious waste and assumed that 

only Bangkok has proper disposal. 
Source; Own calculation based on PCD (2005) 
 

 
 
Figure A.1 Mass flow and transfer coefficient of municipal hazardous waste in Thailand  
                   (2005) 
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A.2 Infectious waste 
 
Infectious waste according to  the Regulation  and guideline of MSW management (PCD, 1998) 

means any solid waste resulted from the processes of medical treatment diagnosis, 

immunization, medical research in both human and other primates which is potentially 

susceptible to disease-causing agents including 

(a) body part from humans and other primates resulted from medical operations, autopsy, 

      animal laboratory experiments related to infectious diseases. 

(b) discarded sharps or used materials from medical care, research laboratory e.g.  

syringe, blade, absorbent materials tubing and others which are contacted or 

potentially contacted to blood, blood products or body fluids or vaccines developed 

from active diseases. 

(c) other wastes discarded from harmful infectious room and highly-harmful infectious  

laboratory. 
 

In general, the infectious waste disposal obligates to hospital’s duty (MOPH, 2002). 

Almost 880 governmental hospitals and private hospitals have equipped with infectious waste 

incinerator. According to information from ONEP, (2004), there were 89% of infectious waste 

incinerators operating properly in 2004. As a result, 28% of total infectious waste was disposed 

along with municipal waste of which 4.2% incinerated by municipal incinerators and municipal 

infectious waste incinerators.  PCD (2005) reported that there was 61.3 t/d (0.02 Mt/y) of 

infectious waste in countrywide which was disposed properly in 11 infectious incinerators 

belonging to municipalities. The rest was collected and disposed along with municipal waste. 

Regard to lacking data of infectious waste management in 2005, the use of transfer function in 

2004 is used to calculate the mass flows of infectious waste in 2005 as illustrated in Figure A.2.   

 
 

                                                                                         A 3



 
 
Figure A.2   (a) Transfer function of infectious waste management in Thailand (2004)  

(b) Mass flow of infectious waste in Thailand (2005) 
 
 
A.3 Electrical and electronic waste (E-waste) 
 
Department of Industrial Work (DIW) categorizes E-waste into the hazardous waste 

categorization no.3 of the Notification of Industrial Ministry subjected to the list of hazardous 

waste B.E.2546 (A.D.2003). The regulation defines that E-waste is the scrap and discarded 

electronic and electrical assemblies containing Hg from switch, glass from Cathode ray and other 

activated glass, PCB capacitor and hazardous heavy metal contents i.e. Pb, Hg etc. (DIW, 2007). 

In order to concerning high hazardous substances in E-waste, the cabinet has approved the 

strategies for E-waste management in Thailand (PCD, 2007) since 24th July 2007.  The 

objectives are  

• to tackle the toxicity of heavy metal contained in such devices with separation the E-

waste away from municipal waste collection. 

• to recover natural resources from the 80% recycling possibility. 

The strategy also released the target of E-waste management that E-waste collection and recycle 

target must achieve 50% of its generation within 2011.    
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In 2003, PCD surveyed the current situation of E-waste management in Thailand. There 

were 1.7 Million electrical and electronic devices or 58,000 t/y discarded. 90% of such amounts 

were commingled with municipal waste. The report showed an increasing of such waste average 

12% per year. Additionally, the average weight of main devices was presented as in Table A.3.1. 

In order to the calculation of E-waste mass in 2005, the multiplication of the units of E-waste 

and average weight is performed. The 90% disposal rate along with municipal waste as of 2003 

is assumed for 2005. To forecast the quantity of E-waste generation in 2011, the 12% increasing 

rate per year is executed.  

  
Table A.3.1 Estimation of E-waste generation in 2005  
 

Devices Average weight 
(kg/unit) 

E-waste  
(Million units) 

Mass of E-waste 
(kt) 

Composition 
(% by weight) 

Refrigerator 40.4 0.67 27.07 39.9 
Personal computer 9.21 0.26 2.39 3.5 
Washing machine 45.5 0.17 7.73 11.4 
Air Conditioner 37.82 0.58 21.92 32.3 
Television 17.5 0.50 8.75 12.9 

Total 2.18 67.86 100 
Source; My own calculation based on the final report on the management of deteriorated electronic and electrical  

equipment (PCD, 2004c)  and  the strategy on integrated management of E-waste (PCD, 2007) 
 
 
A.4 Recycle  waste 
 
PCD (2005) reported that 3.15 Mt was recycled in 2005 as detailed in Table A.4.1. Paper 

revealed the highest recycled quantity followed with metal, glass, plastic and aluminum. The 

bio-waste is mostly recovered by composting. The composting amount mainly gain from BMA 

1,000 tpd composting plant where has re-operated since June 2005. Nevertheless, owing to non-

separated bio-waste collection, the composting yields only 30% of the commingled municipal 

waste input.   

Although, the governmental sector has launched variety of recycling campaign to 

encourage the increasing recycle rate, PCD et al. (2003) revealed that only 0.02% of total 

quantity of municipal waste collected in 2001 was recycled by municipality’s scheme. Currently, 

the management of recyclable waste in Thailand is mostly performed by informal sector. In 

general, there are 3 cascades to recover for recyclable waste. The process starts with  

                                                 
1 The weight of personal computer is average of monitor and CPU. 
2 The weight of air conditioner is average of indoor and outdoor compressors. 
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• Tricycle waste collector buys valuable waste directly from household and transport to 

primary recycle shop. In addition, tricycle waste collector often sorts valuable waste 

from waste bin. 

• Municipal waste collection crews separate valuable waste during collection of 

municipal waste. The waste collection crews normally sell the sorted valuable waste 

to primary recycle waste after transfer collected municipal waste to transfer station or 

disposal site.  

• Scavenger at disposal site or transfer station (in Bangkok only) selects valuable waste 

and sell it to primary recycle shop 

Basically, the primary recycle shop plays an important role in recycle market in term of 

classification and cleaning of recycle material. Afterward, the secondary recycle shop will take 

responsibility in gathering before transport to secondary material manufacturer.  

 
Table A.4.1 Waste recovery and recycle in Thailand 2005 
 

Waste recycle and recovery Quantity 
(Mt) 

Percentage  
(%) 

Remarks 

Total  3.15 100  
 of which     
     Waste recovery 0.20 6.3  
          of which    
               Bio-waste         0.20 6.3 Data from BMA (2005) 
     Waste recycle 2.95 93.7 
          of which   

Neglected rubber recycling  due 
to less recycling quantity 

              Glass 0.74 23.5  
               Paper 0.91 28.9  
               Plastic 0.35 11.1  
              Metal 0.86 27.3  
              Aluminum 0.09 2.9  
Source; Thailand the state of pollution 2005 (PCD, 2005) 
 
 
A.5 Sewage sludge (SS)  
 
Sewage sludge as defined in this research is human excreta (night soil) and sludge from 

municipal wastewater treatment. Basically, Municipality takes responsibility for sewage sludge 

management. According to disposal of night soil in Thailand, the excrement from household is 

generally pretreated in septic tank where the overflow discharges to sewage pipe or disperses via 

septic tank. The night soil3 is pumped into the vacuum truck and is further discharged to either 

night soil treatment plant or land disposal.  Table A.5.1 states the estimation of night soil 

generation rate 75,000 t/y in Thailand of which 7% of its generation was treated properly. The 

                                                 
3 Fecal sludge is also called. 
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night-soil collection rate of municipalities and rural area assume to be similar to the collection 

rate of Bangkok which obtains from BMA (2005). The calculation of night-soil collection rate in 

urban (except Bangkok) and rural area estimates with multiplication of population and collection 

rate. The treated night-soil is utilized for making compost. In order to night-soil disposal in urban 

area (except Bangkok), the land disposal of 95.7% collection of night-soil without treatment in 

urban area is assumed according to surveyed of 46 municipalities in Northeastern region of 

Thailand (Suebsoh and Charerntanyarak, 2007). In addition, the 100% land disposal of night-soil 

collection in rural area is made.  

PCD (2004d) revealed the current wastewater treatment in the rehabilitation report of 

municipal wastewater facilities in Thailand that there were 84 wastewater treatment plants 

(WTPs) operating in countrywide including 7 WTPs in Bangkok. These plants are capable to 

treat 20% of total 14 Mm3 municipal wastewater in Thailand. Nevertheless, there were only 1.5 

Mm3. or 11% of wastewater is influent to the treatment system as presented.  In order to sludge 

generation from wastewater treatment plant (WTP), the estimation of sludge generated from 

municipal wastewater treatment is shown in Table A.5.2. Since the author assumes that the type 

of wastewater treatment has no influence to sludge ratio, the sludge ratio of Bangkok and 

municipalities is similar. In general, the landfilling is disposal method for wastewater sludge.  

 
Table A.5.1  Estimation of night-soil sewage sludge generation in Thailand  
 

a) Treated night soil sludge 
 

Treated night soil 
sludge 

Human 
excreta 
Input  
(m3/y) 

 Collection 
rate   

(l/cap.y) 

Sludge 
ratio after 

treated  
(% input) 

Sludge 
volume 
(m3/y) 

Sludge 
mass 

(Mt/y) 

Remarks 

Total treatment 187,886 30.4 13 24,425  0.005 Thai population 64.8 
mcaps. in 2005 

  of which       
    Bangkok4 171,976 30.4 13 22,357 0.005 Treated sludge contains 

20%Dry Solid 
    Municipalities 15,910 30.4 13 2,068 0.0004 Treated  sludge is 4.3%  

of total generation in 
municipality 5

Source;  My own calculation based on Stoll and  Parameswaran (1996), and BMA (2005a) 
 
 
 
 
 

                                                 
4 Population in Bangkok 2005 is 5.66 Mcap. 
5 Suebsoh and Charerntanyarak (2007)  
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b) Night soil sludge without treatment 
 
Night soil without 
treatment 

Generation 
rate 

(l/cap.a) 

Population 
(Mcaps) 

Night soil 
collection 

(Mcu.m/cap.a) 

Solid 
content 

(%) 

Sludge 
mass 

(Mt/y) 

Remarks 
 

Land disposal 
without treatment 30.4 56.58 1.72 4 0.07 

Assumed BMA  
performed 100% 
collection of night-
soil generation. 

  of which       

     Municipalities 30.4 12.30 0.37 4 0.014 Minus treated sludge 
(TableA.5.1 (a)) 

     Rural area 30.4 44.28 1.35 4 0.054 
 

Source;  Own calculation based on Stoll and  Parameswaran (1996), Schouw et al. (2002), and Suebsoh and  
                Charerntanyarak (2007)  
 
 
Table A.5.2  Wastewater sludge generation in Thailand 
 

Wastewater sludge 
(WWS) 

WWS mass 
(Mt/y) 

Wastewater 
input 

(Mm3/y) 

Sludge ratio  
(kg/m3 input) 

WWS 
volume 
(Mm3/y) 

Remarks 

Total 0.06 530.0 0.11 0.29  
   of which      
         Bangkok 0.04 363.1 0.11 0.20 20%DM6

         Municipalities 0.02 166.9 0.11 0.09 20%DM 
Source;  Own calculation based on Montange et al. (2006), PCD (2004d), and BMA (2005a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

                                                 
6 Stoll and  Parameswaran (1996) 
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Table B.1 Summary municipal waste disposal rate and collection efficiency in Thailand, 2005 

Administration Municipal waste 
generation (tpd)  

Municipal waste 
collected (tpd) Population (cap.) Households (house) 

Municipal waste 
generation rate 

(kg/cap.d)1

Municipal waste 
disposal rate 
(kg/house.d)  

Municipal waste 
collection efficiency 

(%)2

Total 40,908.54 22,995.17 64,800,000 19,016,784 0.63 2.15 57% 
Bangkok  8,581.79 8,495.97 5,851,464 2,091,558 1.47 3.72 99% 
Total municipal area 14,544.32 13,599.20 12,777,603 4,058,597 1.14 3.58 94% 
    of which        
        City and Pattaya 3,427.00 3,310.00 2,655,090 896,134 1.29 3.82 97% 
        Town 3,886.60 3,684.50 2,791,546 926,370 1.39 4.20 95% 
        Township 7,230.72 6,604.70 7,330,967 2,236,093 0.99 3.23 91% 
Sub-district Admin.3 17,782.43 900.00 46,170,933 12,866,629 0.404 1.38 5% 

Source; Taken from Table B.4-B.6   
 
Table B.2 Municipal waste composition  

Countries/ 
Administration 

Food waste 
(%) 

Plastic & 
packaging 

(%) 

Paper 
(%) 

Garden 
waste 
(%) 

Glass  
(%) 

Textile 
(%) 

Metal  
(%) 

Mineral 
materials 

(%) 

Rubber / 
Leather 

(%) 

Others 
(%) 

Waste 
quantity 

(tpd) 

References 

Germany 33.30% 20.60% 12.60% 5.10% 4.10% 4.00% 4.50% 10.30% 4.00% 1.50% - Kost et al. (2001)  

Thai urban area 41.12% 14.36% 13.97% 6.88% 6.52% 3.93% 3.75% 2.89% 2.45% 4.13% 20,004.04 Haz.waste contains 
3% in“others” fraction 

    of which                        

      Municipalities 39.66% 17.29% 15.04% 7.03% 6.17% 3.13% 3.84% 2.23% 2.44% 3.17% 11,107.05 

      Bangkok 42.94% 10.70% 12.63% 6.69% 6.95% 4.94% 3.64% 3.72% 2.46% 5.33% 8,897.00 

PCD survey in waste 
component (PCD 
2002) 

Note; Thai municipal waste composition for both municipality and Bangkok are recalculated by the author based on weighting each component with municipal waste  
quantity.  About 59% of total 1,130 municipalities or 72% of total municipal weight 11,107 tonnes are performed for municipal waste compositions in municipal area and 
90% of total 50 municipalities or 89% of total mass 8,897 tonnes are executed for analysis Bangkok municipal waste composition. 

                                                 
1

 Municipal waste generation divided by population 
2

 Municipal waste collected divided by municipal waste generation 
3

 Deduction of total quantities with the summation number of Bangkok and municipal area,  
4

 Municipal waste generation rate in Sub-district Administration is based on 2004 data (PCD, 2004a) 
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Table B.3 Estimated residual waste Germany, 2005 
 

Residual waste Disposal Recovery Total 
Household waste 12.74 1.17 13.91 
Bulky waste 1.19 0.98 2.17 
Other non-biodegradable waste 0.43 0.30 0.73 
Total 14.36 2.45 16.81 

Source, FSO (2007) 
Unit: Mt 
 
Table B.4 Municipal solid waste generation in Thailand; Bangkok and City municipalities 

 Municipalities 
MSW 

generation 
(t/d) 

MSW 
collected 

(t/d) 

Population 
(cap.) 

Households 
(house) 

MSW 
generation 

rate 
(kg/cap.d) 

MSW 
generation 

rate 
(kg/house.d) 

MSW 
collection 
efficiency 

(%) 
Bangkok        

Bangkok 8,581.79 8,495.97 5,634,132 2,091,558 1.52 4.10 99% 
Sum 8,581.79 8,495.97 5,634,132 2,091,558 1.52 4.10 99% 

Northern region        
Chiangmai 280 280 159,915 68,577 1.75 4.08 100% 
Chiangrai 80 75 64,948 28,860 1.23 2.77 94% 
Lampang 100 100 66,528 24,850 1.50 4.02 100% 

Pitsanuloke 120 120 82,698 30,091 1.45 3.99 100% 
Nakhonsawan 90 90 96,388 33,298 0.93 2.70 100% 

Sum 670 665     470,477   185,676 1.42 3.61 99% 
Central region        

Nakhonpatom 150 150 93,523 28,858 1.60 5.20 100% 
Samutsakorn 130 110 61,728 16,693 2.11 7.79 85% 
Samutprakarn 86 86 69,557 14,517 1.24 5.92 100% 

Nonthaburi 280 260 271,650 98,683 1.03 2.84 93% 
Pakgred 280 280 165,296 87,087 1.69 3.22 100% 

Nakornsri-Ayudthaya 85 80 61,334 17,233 1.39 4.93 94% 
Sum 1,011 966 723,088 263,071 1.40 3.84 96% 

Northeastern region       
Udornthani 150 140 150,788 47,715 0.99 3.14 93% 
Khonkaen 155 137 128,768 48,602 1.20 3.19 88% 

Nakhon Ratchasima 200 200 173,022 57,379 1.16 3.49 100% 
Ubon Ratchathani 85 80 104,991 29,930 0.81 2.84 94% 

Sum 590 557 557,569 183,626 1.06 3.21 94% 
Eastern region        

Ra Yong 81 81 53,935 25,631 1.50 3.16 100% 
Pattaya 250 250 94,662 16,349 2.64 15.29 100% 
Sum 331 331 148,597 41,980 2.23 7.88 100% 

Southern region        
Nakorn Srithammarat 130 120 106,070 33,864 1.23 3.84 92% 

Suratthani 120 106 118,681 52,274 1.01 2.30 88% 
Phuket 110 110 75,298 19,526 1.46 5.63 100% 
Trang 55 55 59,387 20,473 0.93 2.69 100% 

Songkla 80 80 77,038 23,925 1.04 3.34 100% 
Had Yai 250 250 154,091 50,706 1.62 4.93 100% 

Yala 80 70 66,180 21,013 1.21 3.81 88% 
Sum 825 791 656,745 221,781 1.26 3.72 96% 

Grand total 3,427 3,310 2,556,476 896,134 1.34 3.82 97%
Source, PCD (2006a) 
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Table B.5 Municipal solid waste generation in Thailand; Town municipalities 
 

Town 
municipalities 

MSW 
generation 

(t/d) 

MSW 
collected 

(t/d) 

Population 
(cap.) 

Households 
(house) 

MSW 
generation 

rate 
(kg/cap.d) 

MSW 
generation 

rate 
(kg/house.d) 

MSW 
collection 
efficiency 

(%) 
Northern region        

Lam Phun 22 22 14,824 5,103 1.48 4.31 100% 
Mae Hong Sorn 12 11 7,804 4,506 1.54 2.66 92% 

Khaelang Nakorn 50 50 61,245 20,000 0.82 2.50 100% 
Phrae 32 32 18,190 7,609 1.76 4.21 100% 

Pra Yao 35 35 19,457 8,003 1.80 4.37 100% 
Su Kho Thai 30 30 18,187 6,146 1.65 4.88 100% 

Sawankhaloke 14 14 18,922 5,716 0.74 2.45 100% 
Utaradit 40 37 41,237 11,833 0.97 3.38 93% 

Nan 23 20 21,487 8,317 1.07 2.77 87% 
Phijit 35 35 18,190 7,609 1.92 4.60 100% 

Taphanhin 18 17 20,453 5,175 0.88 3.48 94% 
Bangmoolnark 8 7 9,823 3,267 0.81 2.45 88% 
Choomsaeng 8 8 10,530 3,340 0.76 2.40 100% 

Tar Klee 20 18 34,061 8,175 0.59 2.45 90% 
Uthaithani 30 30 18,673 6,761 1.61 4.44 100% 

Kamphaengpetch 28 28 30,112 10,944 0.93 2.56 100% 
Tak 20 20 21,489 6,540 0.93 3.06 100% 

Mae Sod 50 45 26,955 6,845 1.85 7.30 90% 
Sum 475 459 411,639 135,889 1.15 3.50 97% 

Central region        
Chai Nat 16 16 16,286 5,475 0.98 2.92 100% 

Suphanburi 50 50 29,754 28,001 1.68 1.79 100% 
Kratumban 50 40 20,385 5,167 2.45 9.68 80% 

Omnoi 170 150 45,317 38,076 3.75 4.46 88% 
Prapadaeng 38 38 11,647 2,104 3.26 18.06 100% 
Ladluang 195 193 75,741 33,965 2.57 5.74 99% 

Prapadaeng 38 38 11,647 2,104 3.26 18.06 100% 
Banggruai 50 50 41,725 15,555 1.20 3.21 100% 

Bangbuathong 46 45.5 38,980 16,987 1.18 2.71 99% 
Pratumthani 20 20 15,448 6,039 1.29 3.31 100% 
Tha Klong 75 75 38,396 23,368 1.95 3.21 100% 
Klongluang 46 46 46,304 10,565 0.99 4.35 100% 

Rangsit 120 120 68,347 30,930 1.76 3.88 100% 
Sananrak 19 19 19,731 10,545 0.96 1.80 100% 

Kukot 43 43 43,722 18,269 0.98 2.35 100% 
Ayothaya 20 20 19,157 6,302 1.04 3.17 100% 

Sena 5 5 4,662 1,321 1.07 3.79 100% 
Angthong 20 20 14,023 5,198 1.43 3.85 100% 
Singburi 20 17 19,799 7,524 1.01 2.66 85% 
Lopburi 60 60 28,649 8,799 2.09 6.82 100% 
Banmee 6 6 4,650 1,320 1.29 4.55 100% 
Saraburi 55 55 61,448 21,738 0.90 2.53 100% 

Prachinburi 25 25 20,948 6,026 1.19 4.15 100% 
Nakhon Nayok 15.2 13 13,000 6,000 1.17 2.53 86% 

Petchaboon 45 45 24,059 9,431 1.87 4.77 100% 
Lomsak 25 20 13,557 5,313 1.84 4.71 80% 

Ratchaburi 60 60 44,226 13,551 1.36 4.43 100% 
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Table B.5 Municipal solid waste generation in Thailand; Town municipalities (Cont.) 
 

Town 
municipalities 

MSW 
generation 

(t/d) 

MSW 
collected 

(t/d) 

Population 
(cap.) 

Households 
(house) 

MSW 
generation 

rate 
(kg/cap.d) 

MSW 
generation 

rate 
(kg/house.d) 

MSW 
collection 
efficiency 

(%) 
Banpong 35 35 21,195 5,367 1.65 6.52 100% 

Photharam 13 13 11,542 2,458 1.13 5.29 100% 
Karnchanaburi 65 65 39,171 13,299 1.66 4.89 100% 
Tharua Pratan 9 9 12,318 4,031 0.73 2.23 100% 

Samutsongkram 30 30 35,168 8,989 0.85 3.34 100% 
Petchaburi 40 40 30,583 9,034 1.31 4.43 100% 
Cha Am 45 45 29,921 6,810 1.50 6.61 100% 
Prachuab 
Khirikhan 

17 17 18,640 7,564 0.91 2.25 100% 

Hua Hin 110 110 46,163 23,124 2.38 4.76 100% 
Sum 1696.2 1653.5 1,036,309 420,349 1.64 4.04 97% 

Northeastern region 
Loei 28 28 23,452 5,346 1.19 5.24 100% 

Nongkai 30 20 47,050 14,947 0.64 2.01 67% 
Thabor 16 16 19,917 5,791 0.80 2.76 100% 

Sakol Nakorn 30 20 47,050 14,947 0.64 2.01 67% 
Nakhon Phanom 28 28 29,994 10,347 0.93 2.71 100% 

Chai Yaphum 35 35 42,503 12,993 0.82 2.69 100% 
Nongbua Lampoo 18 18 20,484 7,736 0.88 2.33 100% 

Chumpae 25 20 32,999 10,653 0.76 2.35 80% 
Muangphol 15 14 13,473 4,308 1.11 3.48 93% 

Mahasarakham 43 40 43,305 14,742 0.99 2.92 93% 
Kalasin 37 37 39,694 13,922 0.93 2.66 100% 
Bua Yai 11 10 16,412 4,839 0.67 2.27 91% 

Pak Chong 80 64 36,746 13,171 2.18 6.07 80% 
Buriram 32 32 29,532 5,913 1.08 5.41 100% 

Surin 60 60 40,319 7,254 1.49 8.27 100% 
Srisaket 37 35 42,842 14,289 0.86 2.59 95% 

Kantaralak 17 16 19,663 5,167 0.86 3.29 94% 
Warin Chamrab 45 35 31,052 9,174 1.45 4.91 78% 

Phiboon 
Mangsaharn 

15 14 11,292 3,320 1.33 4.52 93% 

Yasothon 25 20 21,982 7,023 1.14 3.56 80% 
Amnaj Chareon 20 13 29,196 8,200 0.69 2.44 65% 

Roi Et 45 45 35,823 11,220 1.26 4.01 100% 
Mukdaharn 30 30 37,723 9,328 0.80 3.22 100% 

Sum 722 650 449,054 131,870 1.61 5.48 90% 
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Table B.5 Municipal solid waste generation in Thailand; Town municipalities (Cont.) 
 

Town 
municipalities 

MSW 
generation 

(t/d) 

MSW 
collected 

(t/d) 

Population 
(cap.) 

Households 
(house) 

MSW 
generation 

rate 
(kg/cap.d) 

MSW 
generation 

rate 
(kg/house.d) 

MSW 
collection 
efficiency 

(%) 
Eastern region        

Chonburi 65 55 36,058 7,430 1.80 8.75 85% 
Saensuk 80 60 41,175 19,171 1.94 4.17 75% 

Ban Bung 26 25 15,200 3,060 1.71 8.50 96% 
Panusnikhom 16.5 16.5 12,197 2,965 1.35 5.56 100% 

Sriracha 35 35 18,509 3,941 1.89 8.88 100% 
Mabtaput 30 30 18,187 6,146 1.65 4.88 100% 
Banchang 30 25 19,321 4,266 1.55 7.03 83% 
Chantaburi 43 43 44,804 11,093 0.96 3.88 100% 

Klung 10 10 11,357 3,683 0.88 2.72 100% 
Trad 15 15 16,602 4,715 0.90 3.18 100% 

Chacheongsao 55 55 42,074 16,585 1.31 3.32 100% 
Srakaew 18 16 16,500 7,774 1.09 2.32 89% 

Aran Yapratet 30 28 16,769 7,300 1.79 4.11 93% 
Sum 453.5 413.5 308,753 98,129 1.47 4.62 91% 

Southern region        
Tungsong 40 35 27,747 4,570 1.44 8.75 88% 

Pak Panang 15 15 23,952 5,451 0.63 2.75 100% 
Nasarn 15 14 19,779 5,648 0.76 2.66 93% 

Thakham 17.4 17 23,085 5,231 0.75 3.33 98% 
Ranong 25 21 13,936 3,914 1.79 6.39 84% 

Chumporn 50 45 34,216 7,404 1.46 6.75 90% 
Langsuan 15 14 12,225 4,429 1.23 3.39 93% 

Krabi 35 35 24,733 9,999 1.42 3.50 100% 
Pang Nga 13 13 9,383 4,169 1.39 3.12 100% 
Trakuapa 12 12 8,613 1,490 1.39 8.05 100% 
Patong 50 50 10,865 9,802 4.60 5.10 100% 
Satul 16 13 21,186 4,264 0.76 3.75 81% 

Kantang 11 11 13,957 4,322 0.79 2.55 100% 
Padang Besar 13 13 11,972 2,993 1.09 4.34 100% 

Banpru 22 20 17,952 5,608 1.23 3.92 91% 
Sadao 15 15 17,530 6,640 0.86 2.26 100% 

Pattalung 25 20 38,848 12,837 0.64 1.95 80% 
Pattani 40 40 43,997 13,014 0.91 3.07 100% 
Betong 28 28 26,168 8,358 1.07 3.35 100% 

Narathivat 42 41 43,193 12,727 0.97 3.30 98% 
Su Ngaikolok 40.5 36.5 38,772 7,263 1.04 5.58 90% 

Sum 539.9 508.5 482,109 140,133 1.12 3.85 94% 
Grand total 3,886.60 3,684.50 2,687,864 926,370 1.45 4.20 95% 

Source, PCD (2006a) 
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Table B.6 Municipal solid waste generation in Thailand; Township municipalities   
 

Township 
municipalities 

MSW 
generation 

(t/d) 

MSW 
collected 

(t/d) 

Population 
(cap.) 

Households 
(house) 

MSW 
generation 

rate 
(kg/cap.d) 

MSW 
generation 

rate 
(kg/h.d) 

MSW 
collection 
efficiency 

(%) 

Township 
Quantities 

Northern region 

Chiangmai 221 190.4 234,414 87,750 0.94 2.52 86% 28 

Lamphun 71.15 62.6 85,500 29,947 0.83 2.38 88% 13 

Chiangrai 126 121.5 152,088 58,303 0.83 2.16 96% 24 

Maehongsorn 18 17 13,369 4,549 1.35 3.96 94% 4 

Lampang 73.5 62.5 90,511 30,149 0.81 2.44 85% 14 

Phrae 72.2 64.2 80,221 27,392 0.90 2.64 89% 12 

Pra-Yao 76 73.5 91,015 30,303 0.84 2.51 97% 11 

Sukhothai 63 53.5 80,501 22,453 0.78 2.81 85% 11 

Utaradit 42.5 30.7 60,811 19,187 0.70 2.22 72% 15 

Nan 28.5 19 41,134 12,360 0.69 2.31 67% 7 

Pitsanuloke 45.5 32 65,306 19,738 0.70 2.31 70% 12 

Phijit 64 51.5 56,650 16,178 1.13 3.96 80% 15 

Nakhonsawan 64.75 54.95 86,485 16,179 0.75 4.00 85% 15 

Uthaithani 38.5 31.5 42,398 12,734 0.91 3.02 82% 9 

Kamphaengpetch 48 45 62,497 16,805 0.77 2.86 94% 11 

Tak 59.8 50.8 60,382 17,160 0.99 3.48 85% 11 
Sum 1,112.40 960.65 1,303,282 421,187 0.85 2.64 86% 212 

Central region         

Chainat 31.5 28.5 26,340 9,262 1.20 3.40 90% 8 

Suphanburi 140.3 124.25 110,864 33,305 1.27 4.21 89% 20 

Nakhonpatom 234 218 111,269 44,428 2.10 5.27 93% 14 

Samutsakorn 64 46 49,894 12,458 1.28 5.14 72% 4 

Samutprakarn 899 890 463,804 166,507 1.94 5.40 99% 12 

Nonthaburi 55.5 53.75 78,493 27,299 0.71 2.03 97% 6 

Pratumthani 81.7 78.7 92,368 37,131 0.88 2.20 96% 8 
Pranakornsri-

Ayutthaya 
155.5 141.5 173,769 53,349 0.89 2.91 91% 24 

Angthong 34.3 29.1 57,344 15,560 0.60 2.20 85% 9 

Singburi 30 30 46,388 13,489 0.65 2.22 100% 6 

Lopburi 89.3 88.69 111,273 34,024 0.80 2.62 99% 11 

Saraburi 148.85 142.15 150,249 47,909 0.99 3.11 95% 19 

Prachinburi 47.6 45.6 43,662 12,752 1.09 3.73 96% 11 

Nakhon Nayok 12.7 12.3 11,318 3,170 1.12 4.01 97% 4 

Petchaboon 95 90.5 105,330 28,827 0.90 3.30 95% 14 

Ratchaburi 164.25 161.25 160,046 45,732 1.03 3.59 98% 20 

Karnchanaburi 125.5 112.7 125,219 39,748 1.00 3.16 90% 26 

Samutsongkram 12 9 12,340 3,643 0.97 3.29 75% 4 

Petchaburi 99 89 99,433 27,087 1.00 3.65 90% 9 
Prachuab 
Khirikhan 

72 72 87,726 28,364 0.82 2.54 100% 13 

Sum 2,592.00 2,462.99 2,117,129 684,044 1.22 3.79 95% 242 
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Table B.6 Municipal solid waste generation in Thailand; Township municipalities (Cont.) 
 

Township 
municipalities 

MSW 
generation 

(t/d) 

MSW 
collected 

(t/d) 

Population 
(cap.) 

Households 
(house) 

MSW 
generation 

rate 
(kg/cap.d)

MSW 
generation 

rate 
(kg/h.d) 

MSW 
collection 
efficiency 

(%) 

Township 
Quantities 

Northeastern region 

Udornthani 211.16 182.36 260,988 72,198 0.81 2.92 86% 30 

Loei 60.5 51.5 62,205 19,638 0.97 3.08 85% 13 

Nongkai 76.63 71.55 95,877 24,650 0.80 3.11 93% 15 

Sakol Nakorn 130 120 91,036 27,837 1.43 4.67 92% 15 

Nakhon Phanom 52.72 47.4 63,834 16,384 0.83 3.22 90% 9 

Chai Yaphum 102 92.25 107,709 30,545 0.95 3.34 90% 17 
Nongbua 
Lampoo 

56.06 49.36 81,113 19,085 0.69 2.94 88% 12 

Khonkaen 188.64 165.04 204,230 55,599 0.92 3.39 87% 27 

Mahasarakham 52.5 42.2 57,793 16,708 0.91 3.14 80% 10 

Kalasin 139.4 127.19 158,762 38,788 0.88 3.59 91% 23 
Nakhon 

Rastchasima 
306.5 276.6 307,365 88,576 1.00 3.46 90% 45 

Buriram 151.4 139.9 171,337 46,771 0.88 3.24 92% 23 
Surin 47 43 57,002 16,912 0.82 2.78 91% 13 

Srisaket 57 54 66,961 17,697 0.85 3.22 95% 12 
Ubon 

Ratchathani 
117.97 110.15 101,776 27,249 1.16 4.33 93% 17 

Yasothon 35.5 30.7 35,271 9,646 1.01 3.68 86% 8 
Amnaj Chareon 29.88 23.2 28,948 7,414 1.03 4.03 78% 7 

Roi Et 115.36 97.36 120,000 31,113 0.96 3.71 84% 16 
Mukdaharn 12.5 11.5 12,036 3,171 1.04 3.94 92% 3 

Sum 1,942.72 1,735.26 2,084,243 569,981 0.93 3.41 89% 315 
Eastern region 

Chonburi 443.4 419 343,970 143,401 1.29 3.09 94% 21 
Ra Yong 110.5 101.5 94,783 34,239 1.17 3.23 92% 13 

Chantaburi 115.5 99 81,679 32,837 1.41 3.52 86% 14 
Trad 34 33.5 32,022 14,176 1.06 2.40 99% 8 

Chacheongsao 94.75 89.15 81,308 32,978 1.17 2.87 94% 21 

Srakaew 34 34 33,226 9,454 1.02 3.60 100% 6 
Sum 832.15 776.15 666,988 267,085 1.25 3.12 93% 83 

Southern region 
Nakhon 

Srithammarat 
87.7 79.4 88,102 31,102 1.00 2.82 91% 21 

Suratthani 162.5 133.6 158,665 61,073 1.02 2.66 82% 21 

Ranong 14 13 12,909 4,910 1.08 2.85 93% 5 

Chumporn 40.9 37.2 49,533 19,095 0.83 2.14 91% 13 

Krabi 41 40 32,869 11,949 1.25 3.43 98% 9 

Pang Nga 25 23 14,419 4,710 1.73 5.31 92% 7 

Phuket 42 40 31,629 17,947 1.33 2.34 95% 4 

Satul 16 16 18,961 1,900 0.84 8.42 100% 5 

Trang 45.5 41.5 55,482 13,507 0.82 3.37 91% 12 

Songkla 153.2 129.3 234,940 74,927 0.65 2.04 84% 17 

Pattalung 28.25 28.25 28,552 9,189 0.99 3.07 100% 8 

Pattani 40.9 36.9 66,654 19,040 0.61 2.15 90% 10 

Yala 10.5 9.5 15,985 4,177 0.66 2.51 90% 6 

Narathivat 44 42 78,342 20,270 0.56 2.17 95% 12 
Sum 751.45 669.65 887,042 293,796 0.85 2.56 89% 150 

Grand total 7,230.72 6,604.70 7,058,684 2,236,093 1.02 3.23 91% 1002
Source, PCD (2006a) 
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C.1 Municipal solid waste fraction based on waste composition in Thailand (2005) 
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Paper / Cardboard 8.2% 17,5% 14,0% 13,4% 13,2% 13,1% 12,9% 0.0% 0.0% 
Packaging composite 0.0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0.0% 0.0% 
Composites 0.0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0.0% 0.0% 
Textile 1.4% 3,1% 3,9% 4,0% 4,4% 4,1% 4,0% 0.0% 0.0% 
Wood 0.7% 0,6% 0,7% 0,8% 0,8% 0,8% 0,8% 0.0% 0.0% 
Bio waste 63.6% 32,6% 41,1% 42,5% 46,5% 43,2% 42,3% 0.0% 0.0% 
Garden waste 0.0% 5,5% 6,9% 7,1% 7,8% 7,2% 7,1% 0.0% 0.0% 
Plastic & Packaging  16.8% 13,9% 14,4% 14,5% 14,1% 14,5% 14,2% 18.0% 31.3% 
Others plastic materials 0.0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0.0% 0.0% 
Iron 2.1% 9,4% 3,4% 2,4% 0,6% 2,0% 1,9% 45.5% 7.9% 
Aluminum 0.0% 0,3% 0,4% 0,4% 0,4% 0,4% 0,4% 2.2% 3.1% 
Copper 0.0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 2.5% 2.1% 
Glass 3.5% 10,4% 6,5% 5,9% 2,3% 5,6% 5,5% 8.7% 15.2% 
Mineral materials 2.8% 2,3% 2,9% 3,0% 3,3% 3,0% 3,0% 18.3% 31.8% 
Hazardous materials 0.3% 1,4% 1,8% 1,9% 2,0% 1,9% 1,9% 4.9% 8.6% 
Leather 0.5% 2,3% 2,9% 3,0% 3,3% 3,0% 3,0% 0.0% 0.0% 
Diapers 0.0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0.0% 0.0% 
Hospital waste 0.0% 0,6% 0,8% 0,8% 0,9% 0,8% 0,8% 0.0% 0.0% 
E-waste without dismantling 0.0% 0,3% 0,4% 0,4% 0,4% 0,4% 0,4% 0.0% 0.0% 
Sewage sludge 0.0% 0,0% 0,0% 0,0% 0,0% 0,0% 1,9% 0.0% 0.0% 
Sum 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Source; Residual waste compositions of Thailand obtain from the Table B.2  
 
 
                                                 
1

 Calculated by the author as the calculation detailed in Annex D 
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C.2 The physical and chemical characteristic of municipal solid waste 
 

DM Ash ODM Bio- 
ODM C Bio- 

C H O N Cl S As Cd Cr Cu Hg Ni Pb Zn HHV  LHV2Residual 
waste 
Composition % %DM %DM %ODM %ODM %C %ODM %ODM %ODM %ODM %ODM mg/kg 

DM 
mg/kg 
DM 

mg/kg 
DM 

mg/kg 
DM 

mg/kg 
DM 

mg/kg 
DM 

mg/kg  
DM 

mg/kg 
DM 

kJ/kg 
(wet) 

kJ/kg 
( wet) 

Paper / 
Cardboard 74.5 13.0 87.0 98.0 46.0 99.0 6.6 47.1 0.2 0.3 0.2 5.00 0.70 9.80 44.80 0.20 6.80 23.00 295.00 10,718 9,156 

Glass 100.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.30 0.0 0.0 0.0 329.00 82.00 0 0 

Iron 100.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.00 21.00 156.00 265.00 0.0 68.30 582.00 507.00 0 0 

Aluminum 100.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.00 21.00 156.00 265.00 0.0 68.30 582.00 507.00 0 0 

Copper 100.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.00 21.00 156.00 1.0E+06 0.0 68.30 582.00 507.00 0 0 

Plastics 74.0 20.0 80.0 0.0 74.3 0.0 11.5 11.1 0.8 1.9 0.3 5.00 66.00 28.60 60.40 0.20 4.30 50.00 627.00 23,346 21,215 
Packaging 
composites 84.0 16.0 84.0 0.0 75.5 0.0 11.2 11.0 0.9 1.2 0.3 5.00 0.99 36.00 68.00 0.20 7.40 30.00 388.00 27,824 25,698 

Composites 85.0 20.0 80.0 0.0 58.0 20.0 6.7 39.0 2.7 0.7 0.5 5.00 0.99 7.30 37.50 0.20 9.00 14.00 90.00 15,126 13,759 

Kitchen waste 38.0 15.0 85.0 100.0 49.5 100.0 7.7 38.1 3.1 1.2 0.3 30.00 0.99 55.00 153.00 0.50 28.00 90.00 500.00 6,767 4,707 

Garden waste 42.0 25.0 75.0 100.0 50.8 100.0 6.7 40.0 1.9 0.3 0.3 0.0 0.60 0.0 0.0 0.10 0.0 43.90 305.80 6,175 4,296 

Wood 80.0 10.0 90.0 50.0 49.0 50.0 7.6 33.0 0.5 1.5 0.1 5.00 0.40 5.50 17.90 0.10 3.80 21.00 158.00 15,455 13,764 

Diapers 50.0 50.0 50.0 25.0 57.0 90.0 7.7 31.0 3.6 0.8 0.3 5.00 5.00 27.00 23.20 0.20 11.30 10.00 313.00 6,187 4,543 

Inerts 90.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.1 10.00 2.30 80.00 35.00 0.20 45.00 317.10 851.50 0 0 

Textiles 70.0 15.0 85.0 60.0 51.0 65.0 6.9 37.0 4.3 0.4 0.4 5.00 1.00 16.80 55.00 0.10 7.30 35.00 170.00 12,228 10,594 

Leather 70.0 15.0 85.0 50.0 47.0 90.0 6.4 40.0 2.0 0.7 0.3 5.00 3.00 900.00 43.00 0.10 5.10 112.00 4,438.00 10,650 9,081 

Medium corn 56.0 51.0 49.0 88.0 47.0 65.0 6.5 40.0 2.5 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4,954 3,488 

Fine corn 66.0 61.0 39.0 88.0 49.0 100.0 7.0 33.0 13.0 0.0 0.0 35.00 2.00 75.00 715.00 1.10 43.80 190.00 780.00 5,378 4,152 

Hazardous  75.0 50.0 50.0 25.0 70.0 0.0 9.9 19.0 0.4 0.7 0.1 12.00 53.00 17.50 1,690 127.00 347.00 10,800 106,000 12,857 11,432 
Sewage 
sludge3  

13.6 33.8 66.2 100.0 51.4 100.0 7.0 33.9 6.3 3.0 0.5 4.70 2.10  146.00  340.00 1.70 50.00   117.00 1,071 1,937 0 

Source; Adapted from  EC (2001), Dehoust et al. (2002),  Rotter (2004), and Pitchel (2005)  
 
 

                                                 
2 Calculated by the author based on Pitchel (2005).  
3 Average from Table 1 pgs 22 of the report of Disposal and recycle route of sewage sludge, 2001 part 3 (EC, 2001)  
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Table D.1 Composition of E-waste generation  
 

Appliances % Fe % Cu % Al % Glass % 
Plastics 

% 
Hazardous 

% 
Others 

Average 
Weight 

(kg) 
Refrigerator 64.4 3.0 3.0 1.4 13.0 0.0 15.2 48.0 
PC (monitor, CPU 
 & keyboard) 35.4 0.7 0.8 15.0 23.3 17.3 7.5 29.6 

Washing machine 61.0 3.0 3.0 0.0 13.0 0.0 20.0 56.0 
Vacuum cleaner 12.0 5.9 3.5 0.0 36.0 1.0 41.6 6.8 
Telephone 13.0 2.0 2.0 0.0 74.0 0.0 9.0 1.2 
Television 10.2 0.8 0.7 54.2 8.3 5.5 20.3 36.2 
Lawnmower 12.0 5.9 3.5 0.0 36.0 1.0 41.6 10.5 
Kettle 3.2 2.6 0.0 0.0 51.4 1.0 41.8 2.1 

Source; Data taken from  ICER (2000), Crowe et al. (2003), and den Boer et al. (2005)  
 
Table D.2 Default number for recycled E-waste 
 

Potential recycle Fe Cu Al Remarks 

% Recyclable 95% 50% 20% 
Only metal materials are able to recycle. 
The others dismantled materials  is 
disposal at landfill.(den Boer et al., 2005) 

 
Table D.3 Mass distribution of E-waste  
 

Appliances Mass Fe Cu Al Glass Plastics Hazardous Others 
Refrigerator 0.015 0.0096 0.0004 0.0004 0.0002 0.0019 0.0000 0.0023 
PC (monitor, CPU 
& keyboard) 0.018 0.0063 0.0001 0.0001 0.0027 0.0042 0.0031 0.0013 

Washing machine 0.024 0.0146 0.0007 0.0007 0.0000 0.0031 0.0000 0.0048 
Vacuum cleaner 0.002 0.0003 0.0001 0.0001 0.0000 0.0008 0.0000 0.0010 
Telephone 0.000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 
Television 0.006 0.0006 0.0000 0.0000 0.0032 0.0005 0.0003 0.0012 
Lawnmower 0.004 0.0005 0.0002 0.0001 0.0000 0.0014 0.0000 0.0016 
Kettle 0.001 0.0000 0.0000 0.0000 0.0000 0.0005 0.0000 0.0004 
Total mass 0.0700 0.0319 0.0017 0.0016 0.0061 0.0127 0.0035 0.0126 
E-waste input 100.0% 45.5% 2.5% 2.2% 8.7% 18.1% 5.0% 17.9% 
Recyclable E-waste 
by input 43% 41.0% 1.2% 0.4% 0.0% 0.0% 0.0% 0.0% 

E-waste after 
dismantled and 
recycled 1

100% 7.9% 2.2% 3.1% 15.3% 31.5% 8.7% 31.3% 

Source; My own calculation based on composition and fraction indicaed by den Boer et al. (2005) and 0.07 Mt of  
               E-waste generated in Thailand (2006b) 
 
 
 

                                                 
1 Calculated  based on (Fraction of E-waste input-Fraction of recyclable E-waste)divided by (Mass of E-waste input- 
   Mass of recyclable E-waste)  
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Table E.1 Comparison of the three population projections of Thailand   
 

Years Registered 
population1

ONE (1999) 2 IPS and IPH (2003) 3 NESD (1990) 4

1990 56.30   55.84 
1991 56.96   56.57 
1992 57.79   57.29 
1993 58.37   58.01 
1994 59.10   58.71 
1995 59.46   59.40 
1996 60.12   60.00 
1997 60.82   60.60 
1998 61.47   61.20 
1999 61.66 61.64   61.81 
2000 61.88 62.32 (0.71) 61.77 (0.18) 62.41 (0.76) 
2001 62.31 62.97 (1.05) 62.27 (0.06) 62.91 (0.96) 
2002 62.80 63.59 (1.26) 62.77 (0.05) 63.43 (1.00) 
2003 63.08 64.19 (1.76) 63.27 (0.30) 63.96 (1.40) 
2004 N/A 64.75 63.76 64.49 
2005 64.80 5 65.30 (0.77) 64.26 (0.83) 65.03 (0.35) 
2006  65.82 64.69 65.47 
2007  66.32 65.12 65.94 
2008  66.79 65.55 66.19 
2009  67.25 65.98 66.69 
2010  67.68 66.40 67.23 
2011  68.09 66.75 67.71 
2012  68.49 67.10 68.19 
2013  68.87 67.45 68.79 
2014  69.22 67.80 68.96 
2015  69.57 68.15 69.08 
2016  69.90 68.40 69.31 
2017   68.65 69.58 
2018   68.90 69.88 
2019   69.16 70.21 
2020   69.41 70.50 
2021   69.56  
2022   69.71  
2023   69.85  
2024   70.00  
2025   70.15  

Unit; million capita 
Remark; Number in blanket is percent of accuracy compared to registered population. 
 
 
 
 

                                                 
1 Statistical Year Book 2005, National Statistic Office (NSO, 2005) 
2 Thailand Population Projection, 1999 – 2016, Office of National Education (ONE, 1999) 
3 Population Projection for Thailand 2000-2025, Institute for Population and Social Research and Institute for Public  
   Health Research  
4 Population  Projection and other rate for Thailand: 1990 – 2020, National Economic and Social Development  
   Board (NESD, 1990)  available at  http://service.nso.go.th/nso/g_data23/stat_23/toc_1/1.1.4-1.xls (Retrieved 8th  
   August 2008) 
5 Report on Population Survey, National Statistical Office (NSO, 2006) available at  
   http://service.nso.go.th/agrc/cpop48/Major_Findings_t.pdf  ((Retrieved 8th August 2008) 
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Table E.2 Standard deviation of three prognosis populations compared to actual  
                 population surveyed by National Statistic Office 
 

Percent accuracy compared to registered population6

Years
ONE (1999) IPS and IPH (2003) NESD (1990) 

2000 0.71 0.18 0.76 
2001 1.05 0.06 0.96 
2002 1.26 0.05 1 
2003 1.76 0.3 1.4 
Mean 1.195 0.15 1.03 

Standard deviation 0.19 0.01 0.07 
 

                                                 
 
6 Taken from Table E.1 
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Table F.1 Municipal solid waste collection in Thailand   

MSW collection 

Type of MSW 
Tri-motor 
cycle waste 
collectors 

Commercial 
and 

municipal 
schemes 

Municipal 
collectors 

Scavenging 
at disposal 

sites 

Disposal 
waste hauled 
by municipal 
waste truck  

Non-
collected 

MSW 

Residual waste N/A N/A N/A N/A 100% N/A 

Recyclable waste 67% 14% 13% 6% N/A N/A 

Bio-waste N/A N/A N/A N/A 100% N/A 

Unspecified waste N/A N/A N/A N/A N/A 100% 
N/A; non applicable 
Source; Thailand Environmental Monitor 2003 (PCD et al., 2003) 
 
 
Table F.2 Average fuel consumption for transportation of Bangkok municipal solid waste  
                 from transfer station to disposal site 
 

Transfer 
station  

MSW handled  
(tonne/d) 

Weight 1

(t/ load) 
Distance 

 (km) 
Fuel 

consumption 
rate  

(litre/100km) 

Fuel 
consumption 
(litre/tonne) 

On Nuch 2,575 25 110 40 1.76 
Sai Mai 2,527 25 110 40 1.76 
Nong Khaem 3,394 25 80 40 1.28 
Average 8,496 25 98.02 40 1.57 
Souece; Fuel consumption rate obtained from den Boer, E. (2005), all transportation data derived from Solid Waste  
 Management in Bangkok 2005 (BMA, 2005b) and interview BMA officer 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

                                                 
1 Net weight allowed for trailer transportation according to by Land transport Act, B.E.2522 (C.E.1979) , Land  
  Transport Department, Thailand 

 A 26



Table F.3 Municipal solid waste collected and distance to disposal site based on various  
                  Thai local administrations 
 
City municipality MSW collected (t/d) Distance to disposal site (km) 

Northern region 665 61.71 
Northeastern region 557 11.62 
Eastern region 331.00 18.88 
Central region 966.00 11.62 
Southern region 791.00 9.07 
Average 3310 21.80 
Town municipality MSW collected (t/d) Distance to disposal site (km) 

Northern region 446 61.71 
Northeastern region 557 7.70 
Eastern region 331.00 18.88 
Central region 966.00 11.62 
Southern region 791.00 9.07 
Average 3091 18.26 
Township municipality MSW collected (t/d) Distance to disposal site (km) 

Northern region 942 10.97 
Northeastern region 1,735.26 6.54 
Eastern region 776.15 18.88 
Central region 2,443.99 12.06 
Southern region 669.65 9.54 
Average 6,567 10.99 
Sub-district 
Administration  

MSW collected (t/d) Distance to disposal site (km) 

Kud Kao 900.00 3.00 
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Table F.4 Assumption for calculation of municipal solid waste collection and transportation in Thailand 
 

Material  loading   Weight 
(avg.tonne) References 

Fuel 
consumption 
(litre/100km) 

References Capacity 
(.m3) References Distance 

(km) References 

Tricycle waste collection : 
collection and transfer to 
TFS (Recycle shop) 

0.15 Surathani 4 
Interview with 
tri-motorcycle 
waste collector 

1.5 Calculated by 
the author 30.00 

Interview with tri-
motorcycle waste 

collector 

4 wheels truck : transfer to 
2nd MRSs 1.2 

Surathani (80% filling 
rate (den Boer et al, 

2005) 
13 Surathani 6 Surathani 10.00 Interview Surathani 

officer 

Residual waste collection in 
Thailand 6 Assumed Standard 

collection vehicle 8 .m3 32 Phang (3.1 
km/l) 10 31.55 

Residual waste 
transportation to disposal 
site in Thailand 

6 Assumed Standard 
collection vehicle 8 .m3 29 Phang (3.5 

km/l) 6 45.55 

Average country-
wide calculated 
single-trip for 

distance to disposal 
site 

  

Residual waste 
transportation to treatment 
facility in Thailand 

6 Assumed Standard 
collection vehicle 8 .m3 29 Phang (3.5 

km/l) 10 

The most 
favourite 
collection 

truck model 
used in 

municipalities 
(76% of 

collection 
truck in 

Bangkok)    
  

22.78 
Assumed a half 

distance of disposal 
site  

Residual waste transport 
from treatment to disposal 
site 

8 
Assume equal 
allowance truck gross 
weight standard 

32 

 Data from 
private waste 

collection 
company 

22 

 Data from 
private waste 

collection 
company 

45.55 
Assumed landfill 
location closed to 

MBT plant 

Reject waste from recycling 
waste processing to landfill 8 32  22  22.78 

Secondary material to 
secondary MRSs   8 

Reject waste is 
transported with bulky 
assumption. 

32  22  22.78 

Assumed 
landfill/incinerator 
located in the same 
distance with MW 
transportation to 

disposal site, single 
trip 
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Table F.5 Assumption for transfer of secondary materials in Thailand   
 

Truck Loading Rate Weight 
(avg.tonne) References 

Fuel 
consumption 
(litre/100km) 

References Capacity 
(.m3) References Distance 

(km) References 

PET and other plastic types 10 50 Surathani 22 Surathani 232.50 

HDPE   10 50 Surathani 22 Surathani 232.50 

Glass to cullet processor 10 50 Surathani 22 Surathani  100.93 
Cullet processor to 
reprocessing  10 50 Surathani 22 Surathani 117.89 

Steel 10 50 Surathani 22 Surathani 232.50 

Paper and cardboard 10 50 Surathani 22 Surathani 232.50 

Assumption:  the recyclable 
wastes are hauled to Bangkok 
and vicinity.   

LBC 10 50 Surathani 22 Surathani 289.70 
There is one LBC recovery 
factory located in Chonburi 
100 kms east of Bangkok 

Bio-waste and sewage 
sludge 8 32 22 22.78 

Assumed equal distance as 
residual waste transportation 
(single trip) 

E-waste 10 

1. 25 tonnes 
allowance 
standard of land 
transport for 10 
wheels truck, 
13-15  tonnes 
truck body 
weight 

2. Secondary 
materials are 
assumed to be 
baled. 

20 

Data from   
Thai waste 
collection 
company 22 

Data from  
Thai waste 
collection 
company 1,060.00 

There is one E-waste recovery 
factory located in Chonburi 
100 kms east of Bangkok 

 



Table F.6 Simulation of hauling distance from material recovery shops to cullet  
      processors 
 

From provinces Cullet processor location Distance (km) 
Chiang Rai Phi Chit 473 
Chiang Mai Phi Chit 404 
Mae Hong Sorn Phi Chit 550 
Lampang Phi Chit 301 
Lamphun Phi Chit 350 
Pha Yao Phi Chit 404 
Nan Phi Chit 364 
Phrae Phi Chit 271 
Auttaradit Phi Chit 205 
Sukhothai Phi Chit 123 
Phitsanu Lok Phi Chit 104 
Tak Phi Chit 166 
Kampaeng Phet Phi Chit 87 
Phetchabun Phi Chit 135 
Phi Chit Phi Chit 22 
Uthia Thani Phra Nakon Si Ayuttaya1 212 
Nakhon Sawan Phra Nakon Si Ayuttaya 177 
Chainat Phra Nakon Si Ayuttaya 121 
Singburi Phra Nakon Si Ayuttaya 70 
Lopburi Phra Nakon Si Ayuttaya 69 
Saraburi Phra Nakon Si Ayuttaya 66 
Angthong Phra Nakon Si Ayuttaya 48 
Suphanburi Phra Nakon Si Ayuttaya 111 
Nakhon Nayok Phra Nakon Si Ayuttaya 95 
Prachinburi Phra Nakon Si Ayuttaya 123 
Phra Nakon Si Ayutthaya Phra Nakon Si Ayuttaya 22 
Kanchanaburi Bangkok 2 263 
Pathumthani Bangkok 39 
Nontha Buri Bangkok 43 
Samut Prakarn Bangkok 36 
Samut sakhon Bangkok 48 
Nakhon Prathom Bangkok 71 
Samut Songkham Bangkok 81 
Ratchaburi Bangkok 140 
Phetchaburi Bangkok 177 
Prachuab Khilikhan Bangkok 287 
Chacheongsao Bangkok 136 
Bangkok Bangkok 22 
Chonburi Rayong 96 
Chanthaburi Rayong 104 
Trat Rayong 183 
Sakaeo Rayong 207 
Rayong Rayong 22 

 
 
                                                 
1  Phra Nakon Si Ayuttaya was chosen to represent two cullet processors situated in Saraburi and Phra Nakon Si   
   Ayuttaya 
2  Bangkok was selected to represent three cullet processors situated in Pathumthani, Prachin Buri, and Samut  
    Songkram 
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Table F.6 Simulation of hauling distance from material recovery shops to cullet  
      Processors (cont.) 
 

From provinces Cullet processor location Distance (km) 
Nakhon Ratchasima Khon kaen3 197 
Buriram Khon kaen 225 
Surin Khon kaen 262 
Sisaket Khon kaen 262 
Ubon Ratchathani Khon kaen 313 
Amnaj Chareon Khon kaen 260 
Yasothon Khon kaen 217 
Roi Et Khon kaen 139 
Mahasarakham Khon kaen 96 
Chaiyaphum Khon kaen 170 
Mukdahan Khon kaen 243 
Kalasin Khon kaen 115 
Nakhon Phanom Khon kaen 254 
Sakon Nakon Khon kaen 218 
Nong Khai Khon kaen 176 
Nonn Bua Lamphu Khon kaen 114 
Udon Thani Khon kaen 135 
Loei Khon kaen 230 
Khon kaen Khon kaen 22 
Chumphon Thungsong, Nakhon Si Thammarat 302 
Surat Thani Thungsong, Nakhon Si Thammarat 137 
Ranong Thungsong, Nakhon Si Thammarat 330 
Phuket Thungsong, Nakhon Si Thammarat 226 
Pang Nga Thungsong, Nakhon Si Thammarat 195 
Krabi Thungsong, Nakhon Si Thammarat 96 
Nakhon Si Thammarat Thungsong, Nakhon Si Thammarat 58 
Trang Thungsong, Nakhon Si Thammarat 76 
Phattalung Thungsong, Nakhon Si Thammarat 105 
Songkhla Thungsong, Nakhon Si Thammarat 204 
Satul Thungsong, Nakhon Si Thammarat 228 
Pattani Thungsong, Nakhon Si Thammarat 308 
Yala Thungsong, Nakhon Si Thammarat 376 
Narathiwat Thungsong, Nakhon Si Thammarat 400 

Average distance  180 
Source: Cullet processors: Factory registration (DIW, 2007), Distance: Google map (www.map.google.com) 
 
 
 
 
 
 
 
 
 
 
 

                                                 
3  Khonkaen was chosen to represent three cullet processors: two located in Khonkaen and one located in  
    Mahasarakham. 
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 Table F.7 Simulation of hauling distance from cullet processors to glass factory (2005) 
 

Cullet processor Glass plant Distance 
(km) 

Weight of 
collected MSW 

(t/d) 

Weight of 
collected 

MSW (kt/y) 

Hauling distance 
(km*kt/y) 

Phichit Bangkok 342 1,968.60 718.54 245,740.34 
Phra Nakon Si Ayuttaya Bangkok 79 1,241.54 453.16 35,799.81 
Khon kaen Bangkok 440 2,932.26 1,070.27 470,920.96 
Rayong Rayong 20 1,405.50 513.01 10,260.15 
Bangkok Bangkok 20 12,605.84 4,601.13 92,022.63 
Thungsong, Nakhon Sri- 
Thammarat Bangkok 760 1,971.15 719.47 546,797.01 

Sum  1,661 22,124.89 8,075.58 1,401,540.9 
Average distance to glass plants (kms) 174 

Source: Glass container reprocessing: Factory registration (DIW, 2007), Distance: Google map   
               (www.map.google.com) 
 
 
Table F.8 Simulation of hauling distance from cullet processors to glass factory (2011) 
 

Cullet processor Glass plant Distance 
(km) 

Weight of 
collected MSW 

(t/d) 

Weight of 
collected MSW 

(kt/y) 

Hauling distance 
(km*kt/y) 

Phichit Bangkok 342 1,968.60 718.54 245,740.34 
Phra Nakon Si Ayuttaya Bangkok 79 1,241.54 453.16 35,799.81 
Khon kaen Khon kaen 20 2,932.26 1,070.27 21,405.50 
Rayong Rayong 20 1,405.50 513.01 10,260.15 
Bangkok Bangkok 20 12,605.84 4,601.13 92,022.63 
Thungsong, Nakhon Sri- 
Thammarat Bangkok 760 1,971.15 719.47 546,797.01 

Sum  1,241 22,125 8.076 952,025 
Average distance to glass plants (kms)    118 

Source: Glass container reprocessing: Factory registration (DIW, 2007), Distance: Google map  
               (www.map.google.com) 
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Table F.9 Simulation of hauling distance from baling paper processors to pulp and paper  
      Factory, plastic preprocessors to plastic converters and fabricators, and sorted  
                 steel to steel furnaces 
 

From provinces 
Paper 

processor 
location 

Distance 
(km) 

Weight of 
collected MSW 

(t/d) 

Weight of 
collected MSW 

(kt/y) 

Hauling 
distance 

(km*kt/y) 
Chiang Rai Bangkok 786 196,5 71,72 56.373,89 
Chiang Mai Bangkok 684 470,4 171,70 117.440,06 
Mae Hong Son Bangkok 802 28 10,22 8.196,44 
Lampang Bangkok 597 212,5 77,56 46.304,81 
Lamphun Bangkok 602 82,6 30,15 18.149,70 
Phayao Bangkok 718 108,5 39,60 28.434,60 
Nan Bangkok 679 39 14,24 9.665,57 
Phrae Bangkok 585 96,1 35,08 20.519,75 
Auttaradit Bangkok 520 67,7 24,71 12.849,46 
Sukhothai Bangkok 425 97,5 35,59 15.124,69 
Phitsanu Lok Bangkok 419 152 55,48 23.246,12 
Tak Bangkok 426 115,8 42,27 18.005,74 
Kamphaeng Phet Bangkok 357 73 26,65 9.512,27 
Phetchabun Bangkok 343 155,5 56,76 19.467,82 
Phichit Bangkok 342 73,5 26,83 9.175,01 
Uthai Thani Bangkok 282 61,5 22,45 6.330,20 
Nakhon Sawan Bangkok 248 170,95 62,40 15.474,39 
Chainat Bangkok 192 44,5 16,24 3.118,56 
Sing Buri Bangkok 141 47 17,16 2.418,86 
Lop Buri Bangkok 139 154,69 56,46 7.848,20 
Sara Buri Bangkok 112 197,15 71,96 8.059,49 
Ang Thong Bangkok 119 49,1 17,92 2.132,66 
Suphan Buri Bangkok 153 174,25 63,60 9.730,99 
Nakhon Nayok Bangkok 126 25,3 9,23 1.163,55 
Prachinburi Bangkok 160 70,6 25,77 4.123,04 
Phra Nakhon Si Ayutthaya Bangkok 79 246,5 89,97 7.107,83 
Kanchanaburi Bangkok 263 186,7 68,15 17.922,27 
Pathumthani Bangkok 39 401,7 146,62 5.718,20 
Nontha Buri Bangkok 43 689,25 251,58 10.817,78 
Samut Prakarn Bangkok 36 1207 440,56 15.859,98 
Samut sakhon Bangkok 48 346 126,29 6.061,92 
Nakhon Prathom Bangkok 71 368 134,32 9.536,72 
Samut Songkham Bangkok 81 39 14,24 1.153,04 
Ratchaburi Bangkok 140 269,25 98,28 13.758,68 
Phetchaburi Bangkok 177 174 63,51 11.241,27 
Prachuab Khilikhan Bangkok 287 199 72,64 20.846,25 
Chacheongsao Bangkok 136 144,15 52,61 7.155,61 
Bangkok Bangkok 22 8581,79 3132,35 68.911,77 
Chon Buri Bangkok 96 860,5 314,08 30.151,92 
Chanthaburi Bangkok 256 152 55,48 14.202,88 
Trat Bangkok 335 48,5 17,70 5.930,34 
Srakaeo Bangkok 237 76 27,74 6.574,38 
Rayong Bangkok 183 268,5 98,00 17.934,46 
Nakhon Ratchasima Bangkok 262 550,6 200,97 52.653,88 
Buriram Bangkok 396 171,9 62,74 24.846,43 
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Table F.9 Simulation of hauling distance from baling paper processors to pulp and paper  
      Factory, plastic preprocessors to plastic converters and fabricators, and sorted  
                 steel to steel furnaces (cont.) 
 

From provinces 
Paper 

processor 
location 

Distance 
(km) 

Weight of 
collected 

MSW (t/d) 

Weight of 
collected 

MSW (kt/y) 

Hauling 
distance 

(km*kt/y) 
Surin Bangkok 449 103 37,60 16.880,16 
Sisaket Bangkok 539 95 34,68 18.689,83 
Ubon Ratchathani Bangkok 621 239,15 87,29 54.206,93 
Amnaj Chareon Bangkok 609 36,2 13,21 8.046,72 
Yasothon Bangkok 567 50,7 18,51 10.492,62 
Roi Et Bangkok 514 142,36 51,96 26.708,16 
Mahasarakham Bangkok 454 82,2 30,00 13.621,36 
Chaiyaphum Bangkok 373 127,25 46,45 17.324,45 
Mukdahan Bangkok 684 41,5 15,15 10.360,89 
Kalasin Bangkok 556 164,19 59,93 33.320,72 
Nakhon Phanom Bangkok 694 75,4 27,52 19.099,57 
Sakon Nakhon Bangkok 697 140 51,10 35.616,70 
Nong Khai Bangkok 627 107,55 39,26 24.613,36 
Nong Bua Lamphu Bangkok 552 67,36 24,59 13.571,69 
Udon Thani Bangkok 586 322,36 117,66 68.949,58 
Loei Bangkok 512 79,5 29,02 14.856,96 
Khon Kaen Bangkok 444 336,04 122,65 54.458,64 
Chumphon Bangkok 469 96,2 35,11 16.468,00 
Surat Thani Bangkok 642 270,6 98,77 63.409,70 
Ranong Bangkok 574 34 12,41 7.123,34 
Phuket Bangkok 830 202 73,73 61.195,90 
Pang Nga Bangkok 788 48 17,52 13.805,76 
Krabi Bangkok 766 75 27,38 20.969,25 
Nakhon Si Thammarat Bangkok 787 249,4 91,03 71.641,40 
Trang Bangkok 834 107,5 39,24 32.724,08 
Phatthalung Bangkok 862 48,25 17,61 15.180,90 
Songkhla Bangkok 961 507,3 185,16 177.943,08 
Satul Bangkok 986 29 10,59 10.436,81 
Pattani Bangkok 1064 76,9 28,07 29.864,88 
Yala Bangkok 1133 107,5 39,24 44.456,09 
Narathiwat Bangkok 1157 119,5 43,62 50.465,45 
Sum  34.475,00   22.124,89   8.075,58   1.877.754,38   
Average distance    233 
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G.1 Composting 
 
Table G.1.1 Percent degradation of material fractions in composting process  
           
 

Material fractions Degradation compost (% TS) 
Vegetable food waste 75.54% 
Animals and excrements 73.54% 
Animal food 73.54% 
Yard waste and flowers 63.79% 
Wood 20% 
Newsprints 20% 
Magazines 20% 
Other cotton 10% 
Milk carton 10% 
Office paper 10% 
Other clean paper 10% 
Advertisement paper 10% 
Diaper & tampons 10% 
Dirty cardboard 10% 
Other cardboard 10% 
Dirty paper 10% 
Paper and cardboard container 7% 
Books 5% 
Textiles 5% 
Juice carton with aluminium 5% 
The rest fractions 0% 
Source ; Composting dataset, Herning city (EASEWASTE, 2008) 
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G.2 Anaerobic digestion 
 
Table G.2.1 Percent degradation of material fractions in aerobic digestion process  
           
 

Material fractions Degradation compost (% TS) 
Vegetable food waste 70% 
Animals and excrements 70% 
Animal food 70% 
Yard waste and flowers 70% 
Wood 5% 
Newsprints 5% 
Magazines 5% 
Other cotton 5% 
Other cardboard 5% 
Milk carton 5% 
Kitchen tissue 5% 
Office paper 5% 
Other clean paper 5% 
Advertisement paper 5% 
Cotton stick 5% 
Cigarette buts 5% 
Diaper & tampons 5% 
Dirty cardboard 5% 
Other cardboard 5% 
Dirty paper 5% 
Paper and cardboard container 5% 
Books 5% 
Textiles 5% 
The rest fractions 0% 
Source ; Anaerobic digestion dataset (EASEWASTE, 2008) 
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G.3 Incineration 
 
Table G.3.1 Transfer coefficients of selected substances 
 

Substances Output air emission 
 (% input) 

APC residue  
(% input) 

Bottom ash 
(% input) 

H20 100 0 0 
Ash 0 24.2 75.8 
C-biological 100 0 0 
C-fossil 100 0 0 
Ca 0 11.4 88.6 
Cl 7 81.8 11.2 
K 0 38.9 61.1 
Na 0 20.3 69.7 
P 0 13.4 86.6 
S 0.0862 53.6  46.31 
Al 0 4.2 95.8 
As 0.641 32.6  66.76 
Cd 1.806 82.1 16.1 
Cr 0.1875 8.3  91.51 
Cu 0.0043 2.8 97.2 
Fe 0 1.1 98.9 
Hg 86.63 12.9  0.5  
Mg 0 11.5 88.5 
Mn 0.03 7 93 
Mo 0.1743 15.3 84.53 
Ni 0.138 2.8 97.06 
Pb 0.089 31.1 68.81 
Sn 0.1 23.7 76.2 
Zn 0 47.3 52.7 
Source ; Incineration dataset, Herning incinerator (EASEWASTE, 2008) 
 
 
Table G.3.2 Emission of global warming potential from incineration   
 

Emission Default 
values 

Units Emission Units Description 

Carbon oxidation 
factor (CO2) 

100% % C input 214.37 kgCO2/t 
input 

  21.44% carbon content in municipal 
waste, The emission contains 
biogenic carbon 71% and fossil 
carbon 29% (Table C.3, Annex C) 

CH4 emission 
factor 0 g/t input 

(wet) N/A kgCH4/t 
input 

As recommended by IPCC (2006) for 
continuous type incinerator 

N2O emission 
factor 50 

g N2O/t 
input 
(wet) 

0.05 kgN2O /t 
input 

Default value for continuous 
incineration of MSW  (IPCC, 2006) 

Source ; Calculation based on IPCC Guidelines for National Greenhouse Gas Inventories, Vol.5  (IPCC, 2006)   
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G.4 Open-burning  
 
 
Table G.4.1 Transfer coefficients of selected substances of open burning 
 
 

Substances Air emission 
 (% input) 

Residue  
(% input) 

Sum 
(%) Source 

H20 100,0% 0,0% 100% EASEWASTE dataset 
Ash 49,1% 50,9% 100% Lemieux,(1997) 
C-biological 58,0% 42,0% 100% IPCC (2006) 
C-fossil 58,0% 42,0% 100% IPCC (2006) 
Ca 11,4% 88,6% 100% EASEWASTE dataset 
Cl 88,8% 11,2% 100% EASEWASTE dataset 
K 38,9% 61,1% 100% EASEWASTE dataset 
Na 20,3% 79,7% 100% EASEWASTE dataset 
P 13,4% 86,6% 100% EASEWASTE dataset 
S 53,7% 46,3% 100% EASEWASTE dataset 
Al 4,2% 95,8% 100% EASEWASTE dataset 
As 33,2% 66,8% 100% EASEWASTE dataset 
Cd 83,9% 16,1% 100% EASEWASTE dataset 
Cr 8,5% 91,5% 100% EASEWASTE dataset 
Cu 2,8% 97,2% 100% EASEWASTE dataset 
Fe 1,1% 98,9% 100% EASEWASTE dataset 
Hg 99,5% 0,5% 100% EASEWASTE dataset 
Mg 11,5% 88,5% 100% EASEWASTE dataset 
Mn 7,0% 93,0% 100% EASEWASTE dataset 
Mo 15,5% 84,5% 100% EASEWASTE dataset 
Ni 2,9% 97,1% 100% EASEWASTE dataset 
Pb 31,2% 68,8% 100% EASEWASTE dataset 
Sn 23,8% 76,2% 100% EASEWASTE dataset 
Zn 47,3% 52,7% 100% EASEWASTE dataset 

Note: Transfer coefficients of APC residue and air emission taken from EASEWASTE dataset of incineration  
          are consolidated to air emission for open burning. 
    
  
 
Table G.4.2 Emission of global warming potential of open burning  
 

Emission Default 
values 

Units Emission Units Description 

Carbon oxidation 
factor (CO2) 

58% % C input 124.35 kgCO2/t 
input 

  21.44% carbon content in municipal 
waste, The emission contains biogenic 
carbon 71% and fossil carbon 29% 
(Table C.3, Annex C) 

CH4 emission 
factor 

6,500 g/t input 
(wet) 

6.50 kgCH4/t 
input 

 

N2O emission 
factor 

150 g N2O/t 
input (dm) 

0.089 kgN2O 
/t input 

Residual waste from household 60.6 
%TS   (Table C.3 Annex C) 

Source ; My own calculation based on IPCC Guidelines for National Greenhouse Gas Inventories, Vol.5  
               (IPCC, 2006)   
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G.5 Landfilling 
 
Table G.5.1 Energy demand for landfill operation 
 

Energy/Process Thailand Unit Sources 
Electricity demand for landfilling 2.5 kWh/t waste Angthong municipality 
Electricity demand for gas collection 0.15 kWh/m3 landfill gas den Boer et al. (2005) 
Electricity demand for leachate treatment 5.3 kWh/m3 leachate Angthong municipality 
Diesel consumption 0.63 l/t waste Angthong municipality 
 
Table G.5.2  Number of landfills and quantity of municipal waste being disposed of at  
                      landfill 
 

Engineered Landfill Open dumping landfill 
Administration 

Number of landfills Quantities (tpd) Number of landfills Quantities (tpd)

Bangkok  3 7.839 0 0 
City 22 2.773 2 396 
Town 64 1.882 39 1377 
Township 18 944 818 5513 
Total 107 13437 859 7286 

Source ; PCD (2006a) 
 
Table G.5.3  Percent of degradable waste  going to landfills and open burning based on 
                      organic waste in 2005 
 

Scenarios Items 2005 
(Base 
case) A B C D E F G 

Residual waste to landfills c N/A 8.28 6.68 6.10 7.23   8.28 9.48  8.28  
Fraction of degradable waste in 
residual waste to landfill (%) a N/A 63.5% 63.5% 63.5% 63.5% 63.5% 63.5% 63.5% 
Organic waste to landfill N/A 5.26 4.24 3.87 4.59 5.26 6.02 5.26 
Unspecified waste (Open 
burning) N/A 6.74 6.03 6.74 6.74 6.74 5.54 5.54 

Fraction of organic waste in 
open burning b  (%) N/A 56.2% 56.2% 56.2% 56.2% 56.2% 56.2% 56.2% 
Oraganic waste to open 
burning  N/A 3.79 3.39 3.79 3.79 3.79 3.11 3.11 

Sewage sludge (dry matter) 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.14 
Total organic waste to landfills 
and open burning 10.25 d 9.19 7.77 7.80 8.52 9.09 9.27 8.51 

Percent of organic waste going 
to landfills and open burning 
based on organic waste in 2005 

100% 90% 76% 76% 83% 89% 90% 83% 

Note:   a    Fraction of organic waste (63.5%) is taken from the accumulation of food waste, garden waste, wood,  
     and paper and cardboard (Table C.1 residual waste to landfill after scavenging)  
 b    Fraction of organic waste (55.6%) is taken from the accumulation of food waste, garden waste, wood,  

    and paper and cardboard (Table C.1 MSW from household (modified with adding sorted recycling  
    waste))  

 c   Residual waste to landfill minus sorted fractions at landfill by scavenger. 
 d   Total MSW in 2005 (18.01 Mt) multiplied with fraction of organic waste in  b and plus  
      sewage sludge. 
N/A: non applicable, Unit: Mt 
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H.1 Glass     
 
Table H.1.1 Raw materials for glass container manufacturing  
 

Raw materials % Mixture 
Silica 60 
Soda ash 21 
Limestone 19 
Source; BGC (2004) 
 
Table H.1.2 Additives for glass container manufacturing  
 

Additives Effect on basic glass 
Iron Brown or green color 
Chromium Green color 
Cobalt Blue color 
Selenium Clear color 
Sodium Sulphate Improved refining 
Alumina Improved durability 
Lead Refractive index 
Boron Improved thermal 
Source; BGC (2004) 
 
Table H.1.3 Composition of collected glass container 
 

Glass container fraction Composition (%) 
Mixed glass 37 
Green glass 20 
Brown glass 20 
Clear glass 20 
Contaminants 3 
Source;  den Boer et al. (2005)   
 
Table H.1.4 Container glass management in Thailand (2005)  
 
Container glass management  Thailand1, 2005 

(1,000 tonnes) 
Production    1,199 
Import  N/A 
Stock  30 
Consumption  1,169 
of which   
Domestic consumption  1,139 
Export  29 
Recycling of container glass waste   738 
Recycling rate  64.8% 
Source;  Thailand :OIE (2005), and MOC (2008a and 2008b) 
  
 
 
 
 
 
                                                 
1 Data excluded container glass reuse which was processed with deposit-refund system in industrial sector.  

 A 42



H.2 Paper 
 
Table H.2.1 Paper management in Thailand (2005) 
 

Container glass management Thailand (2005) 
(1,000 tonnes) 

Production   3,795 
of which  
   Kraft paper 2,253 
   Writing & printing paper 1,221 
   Board paper 254 
   Newsprint 131 
   Sanitary & tissue paper  97 
Import 546 
Export 892 
Consumption 3,449 
Recycled paper 2,559 
of which  
  Municipal collection 912 
  Industrial collection 546 
  Import  1,116 
  Export 15 
Recycling rate (domestic waste paper only) 42% 
Total recycling rate (included imported waste paper) 74% 
Source;  TPIA (2007) 
 
Table H.2.2  Location of large paper manufacturers in Thailand (2007)   
 

Factory type Quantity Location 
Pulp & Paper 18 Samut Sakorn (3), Prachinburi (2), Srakaew, Ratcha Buri (2), 

Karnchana Buri (2),  Nakhon Pratom (2),  Chacheongsao, Rayong,  
Ang Tong, Samut Prakarn, Singburi, Pranakhon Sri Ayudthaya 

Pulp  9 Prachinburi (2), Pranakhon Sri Ayudthaya (2), Karnchana Buri, 
Ratchaburi, Nakhon Sawan, Khonkaen,  Lopburi 

Sanitary paper 3 Prachinburi, Samut Prakarn, Lopburi 
Newspaper 3 Singburi, Saraburi, Prachinburi 

Source; Factory lists (DIW, 2007)  
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H.3 Plastics 
 
Table H.3.1 Thermoplastics and applications 
 

Polymer Trade Names Major Application 
Characteristics 

Typical Applications 

Acrylics (Polymethyl 
methacrylate)  

Lucite, Plexiglas Outstanding light 
transmission and resistance to 
weathering 

Lenses, transparent aircraft 
enclosures, drafting 
equipment, outdoor signs 

Fluorocarbons (PTFE 
or TFE) 

Teflon, TFE, Halon TFE Chemically inert in almost all 
environments; excellent 
electrical properties; low 
coefficient of friction; may be 
used to 500 F; relatively weak 

Anticorrosive seals, 
chemical pipes and valves, 
bearings, antiadhesive 
coatings, high temperature 
electronic parts 

Nylons Zytel, Plaskon Good mechanical strength, 
abrasion resistance, and 
toughness; low coefficient of 
friction; absorbs water and 
some other liquids 

Bearings, gears, cams, 
bushings, handles, and 
jacketing for wires and 
cables 

Polycarbonates Merlon, Lexan Dimensionally stable; low 
water absorbtion; transparent; 
very good impact resistance 
and ductility; chemical 
resistance not outstanding 

Safety helmets; lenses, 
light globes, base for 
photographic film 

Polyethylene Alathon, Petrothene, Hi-
fax 

Chemically resistant, and 
electrically insulating; tough 
and relatively low coefficient 
of friction; low strength and 
poor resistance to weathering 

Flexible bottles, toys, 
tumblers, battery parts, ice 
trays, film wrapping 
materials 

Polypropylene Pro-fax, Tenite, Moplen Resistant to heat distortion; 
excellent electrical properties 
and fatigue strength; 
chemically inert; relatively 
inexpensive; poor resistance 
to UV light  

Sterilizable bottles, 
packaging film, TV 
cabinets, luggage 

Poylstyrene Dtyron, Lustrex, 
Rexolite 

Excellent electrical properties 
and optical clarity; good 
thermal and dimensional 
stability; relatively 
inexpensive 

Wall tile, battery cases, 
toys, indoor lighting 
panels, appliance housings 

Vinyls PVC, Pliovic, Saran, 
Tygon 

Good low cost, general 
purpose materials; ordinarily 
rigid, but may be made 
flexible with plasticizers; 
often copolymerized; 
susceptible to heat distortion 

Floor coverings, pipe, 
electrical wire insulation, 
garden hose 

Polyester (PET) Mylar, Dacron, Celanar One of the toughest of plastic 
films; excellent fatigue and 
tear strength, and resistance to 
humidity, acids, greases, oils, 
and solvents 

Magnetic recording tapes, 
clothing, auomotove tire 
cords 

Source: http://info.lu.farmingdale.edu/depts/met/met205/index.html
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Table H.3.2 Thermosets and applications 
 

Polymer Trade Names Major Application 
Characteristics 

Typical Applications 

Epoxies Epon, Epi-rez, Araldite Excellent combination of 
mechanical properties and 
corrosion resistance; 
dimensionally stable; good 
adhesion; relatively 
inexpensive; good electrical 
properties 

Electrical moldings, sinks, 
adhesives, protective 
coatings, used with 
fiberglass laminates 

Phenolics Bakelite, Durez, 
Resinox 

Excellent thermal stability to 
over 300 F; may be 
compound with a large 
number of resins, fillers, etc.; 
inexpensive 

Motor housings, 
telephones, auto 
distributors, electrical 
fixtures 

Polyesters Selectron, Laminac, 
Paraplex 

Excellent electrical properties 
and low cost; can be 
formulated for room -or high 
temperature use;often fiber 
reinforced 

Helmets; fiberglass boats, 
auto body components, 
chairs, fans 

Silicones DC resins Excellent electrical 
properties; chemically inerts, 
but susceptible to attack by 
steam; outstanding heat 
resistance; relatively 
expensive  

Laminates, terminal strips, 
high temperature 
insulation 

Source: http://info.lu.farmingdale.edu/depts/met/met205/index.html
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Table H.3.3 Plastic management in Thailand (2005) 
 

Plastic Industry Thailand  
(Mt) Sources 

Polymer production 7.8 Thai petrochemical industrial club (TPIC, 2006), The 
Federation of Thai Industries 

Import 1.1 Ministry of Commerce (MOC, 2007) 
Export 3.2 Ministry of Commerce (MOC, 2007) 
Polymer processing 5.7  

Non-relevance in plastic product  1.3 

Assumption is based on 23% of total plastic resins to 
irrelevance plastic production i.e. adhesive, paint, textile 
etc. The calculation was summed from Polyvinyl acetate, 

Cellulose acetate, and Polyester fraction. 

Manufacturing of plastic product 4.4 Calculation 

Import  0.3 Ministry of Commerce (MOC, 2007) 
Export 0.8 Ministry of Commerce (MOC, 2007) 
Domestic consumption 3.9 Calculation 
of which   
    Long-life plastics 2.3 Assumed similar ratio as Germany 
    Short-life plastics 1.5 Assumed similar ratio as Germany 

Plastic waste 1.5 Calculation 

of which    

     Recycled 0.5 Municipal plastic waste 0.4 Mt and industrial plastic waste 
0.1 Mts 

       of which   
          Mechanical recycle 0.5  
          Feedstock recycle N/A  

          Energy recovery 0.001 
The energy recovery was derived from the average plastic 
component in municipal waste (Table B.2) recovered with 

250 t/d waste to energy incineration 
     Disposal 1.1 Calculation 

       of which   

          Landfill  1.1  

          Incinerator 0.0009 0.6 Mts Mass burned incineration (Table 3.9) and 14.4% 
plastic compositions (Table B.2) 

Recycling rate (short-lived plastic) 30%  Short lived plastic consumption only 

Overall recycling rate 11% Recycled plastic divided by manufacturing of plastic 
products 

 
 
 
 
 
 
 
 
 

 A 46



Table H.3.4  Distribution of plastic waste preprocessors  in Thailand (2007)  
 

Provinces Number of plants Provinces Number of plants 
Chiang Rai 3 Chanthaburi 1 
Chiang Mai 7 Trat 1 
Mae Hong Sorn N/A Sakaeo 1 
Lampang 2 Rayong 15 
Lamphun 3 Nakhon Ratchasima 19 
Pha Yao N/A Buriram N/A 
Nan 1 Surin 1 
Phrae 5 Sisaket 2 
Auttaradit 2 Ubon Ratchathani 13 
Sukhothai 1 Amnaj Chareon N/A 
Phitsanu Lok 1 Yasothon 8 
Tak N/A Roi Et 8 
Kampaeng Phet 4 Mahasarakham 4 
Phetchabun N/A Chaiyaphum 8 
Phi Chit 2 Mukdahan N/A 
Uthia Thani 1 Kalasin 8 
Nakhon Sawan 2 Nakhon Phanom 2 
Chainat N/A Sakon Nakon 1 
Singburi N/A Nong Khai 3 
Lopburi 5 Nong Bua Lamphu 3 
Saraburi 6 Udon Thani 11 
Angthong 11 Loei 4 
Suphanburi 3 Khon kaen 11 
Nakhon Nayok 6 Chumphon 1 
Prachinburi 5 Surat Thani 1 
Phra Nakon Si Ayutthaya 6 Ranong 1 
Kanchanaburi 1 Phuket 1 
Pathumthani 10 Pang Nga 2 
Nontha Buri 5 Krabi N/A 
Samut Prakarn 19 Nakhon Si Thammarat 1 
Samut Sakhon 23 Trang N/A 
Nakhon Prathom 7 Phattalung N/A 
Samut Songkham 1 Songkhla 3 
Ratchaburi 17 Satul N/A 
Phetchaburi 4 Pattani N/A 
Prachuab Khilikhan 1 Yala N/A 
Chacheongsao 13 Narathiwat N/A 
Bangkok 7 Chonburi 18 

Total 336 
Source: Plastic waste preprocessors: Factory registration (DIW, 2007)    
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Table H.3.5 Number of  plastic waste converters and fabricators  in Bangkok and vicinity  
                     (2007) 
 

Province Number of plants 
Bangkok 1,712 
Samut Prakarn 703 
Samut Sakhon 634 
Nakhon Prathom 341 
Chonburi 220 
Pathumthani 209 
Phra Nakon Si Ayutthaya 113 
Nontha Buri 112 
Chacheongsao 111 
Rayong 105 
Total 4,260 
Total national plastic converters and fabricators 4,818
Source: Own calculation based on factory registration lists (DIW, 2007) 
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H.4 Steel 

Table H.4.1 Steel industry in Thailand (2005) 
 

Fraction 2001 2002 2003 2004 2005 
Crude steel production a 3,245 3,682 3,652 7,239 6,246 
Steel production b 6,075 8,749 7,806 12,263 11,996 
Consumption c 8,791 11,945 11,561 15,872 17,031 
Domestic scrap d 2,553 2,604 2,139 4,649 3,793 
 of which      
    Municipal scrap 952 
    Industrial scrap 

 
2,553 

 
2,604 

 
2,139 

 
4,649 2,937 

Import  e 8,095 11,172 11,542 13,679 15,518 
 of which      
     Pig irons 113 204 370 918 968 
     Semi-products 2,840 5,068 4,238 5,096 5,790 
     Scraps 697 978 1,280 1,850 1,683 
     Products 4,445 4,922 5,654 5,815 7,077 
Export e 1,857 1,831 2,120 2,456 2,280 
 of which      
     Pig irons 14 17 19 24 25 
     Semi-products 10 1 84 72 40 
     Scraps 104 87 118 154 173 
     Products 1,729 1,726 1,899 2,206 2,042 
Container recycling rate in 20052  41% 
Steel recycling rate in 20053  31% 
Total steel recycling rate in 20054  45% 

(Unit: 1,000 tonnes) 
Sources: a Domestic scrap + Import (Pig iron and Scrap) – Export (Pig iron and Scrap) 
  b Crude steel production + Import (Semi-product) – Export (Semi-product) 
  c Steel production + Import (Products) – Export (Products) 
   d Pollution report 2001-2005 (PCD 2001, 2002, 2003, 2004b, 2005, and 2006c) 

   e Thailand Metal Statistics Year 2005 (DPIM, 2006) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
2 Container recycling rate gained from container scrap divided by total container consumption 
3 Recycling rate gained from secondary domestic steel scrap divided by total steel production 
4 Total recycling rate gained from total domestic steel scrap and imported waste steel scrap divided by total steel  
  consumption (included export  steel product) 
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Table H.4.2 Steel uses in Thailand (2005) 
 

Steel products Production Import Export Consumption Consumption (%) 

Total 11,617 7,076 2,043 16,650 100% 
Long products 4,578 1,301 515 5,364 32% 
Flat products 5,757 3,798 1,152 8,403 50% 
Pipes and tubes 406 500 266 640 4% 
Others 26 18 24 20 0.1% 
Container products   850 1,459 86 2,223 14% 
  of which      
      Tin plate 228 75 2 301 2% 
      Tin free steel 311 367 36 642 4% 
      Galvanized sheet 311 1,017 48 1,280 8% 

(Unit: 1,000 tonnes) 
Sources: Thailand Metal Statistics Year 2005 (DPIM, 2006) 
 
Table H.4.3 Distribution of steel furnaces and processing in Thailand (2004) 
 

Steel products Number of 
processor   

without furnace 

Number of 
processor   with  

furnace 

Location of furnace 

Long product  43 12 Samutprakarn (5), Saraburi, Lopburi, 
Petchburi, Rayong, Chonburi (3) 

Wire product 5 55 Samutprakarn (2), Saraburi, Lopburi, 
Chonburi 

Hot-rolled long product 5 36 Samutprakarn, Saraburi, Rayong 
Hot-rolled sheet product 3 2 Chonburi, Rayong 
Cold-rolled sheet product 3 N/A  
Stainless steel 1 N/A  
Coated steel product 7 N/A  
Total 67 167  
Source: ISIT (2007) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
5 The same furnaces as long product were presented.  
6 The furnace located in Saraburi is the same facility as long product. 
7 See comment 2 and 3
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Annex H.5 Other information related to secondary materials 
 
Table H.5.1  Total recycled materials recovery from material recovery shops in Thailand  
                      (2004) 
 

Administration Recyclable material recovery (t/d) 
BMA 1,774 
City municipality- Surat Thani 10.40 
Town municipality- Ang Thong 6.74 
Township municipality- Wiang Fang 7.92 
Sub-district administration-Kud Kao N/A 
Source: PCD (2004) 
 
Table H.5.2 Calculation of available production for secondary materials 
 

Items Glass g Paper Plastic h Steel 
Available production 630 670 1,090a 2,150b 
Percent secondary material input per raw material input 62%d 24%e 100% 100% 
Total secondary material input f 388 161 1,090 2,150 
Imported secondary materials N/A 1,786 N/A 1,683 
17% recycling target  745 912 354 952 
Total available production for secondary materials, 2005 1,133 2,859 1,444 4,785 
Secondary materials gained from 30% recycling target, 
2011 c 1,350 1,657 638 1,729 

Note; a Due to lack of amount of available plastic production, the assumption of gaining from plastic being  
    disposed is made. 
 b The number is taken from total production capacity of steel plant with furnace only.  
 c  The numbers are taken from scenario B 
 d  Percent of cullet input to glass factory per total raw material input 
 e  Percent of secondary paper  input to paper factory per total raw material input 
 f  Available production multiplied with  percent  secondary material input per raw material input 
 g  Container glass only   
 h  Short-lived plastic only  
 
Table H.5.3  Compilation of cement plants in Thailand (2007) 
 

Location registered for waste treatment Cement factories 
Registered for industrial waste 

disposal 
Non-registered for industrial 

waste disposal 
Siam City Cement Co.,Ltd. Saraburi (2 plants), Lampang (1) Nakhon Sri Thammarat (1) 
Cholpratan Cement (Public) Co.,Ltd.  Petchburi (1), Nakhon Sawan (1) 
Nakhon Luang Cement (Public) Co.,Ltd. Saraburi (1)  
TPI Polyne (Public) Co.,Ltd. Saraburi (1)  
Asia Cement (Public) Co.,Ltd.  Saraburi (1) 
Cemex (Thailand) Co.,Ltd.  Saraburi (1) 
Samakkee Cement Co.,Ltd.  Nakhon Ratchasima (1) 
Thai Sathapana Co.,Ltd.  Ratchaburi (1) 
Source; Factory lists (DIW, 2007) 
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Table I.1 Calculation of required mass of municipal solid waste for 100 MW  incineration 
 

Calculation items Quantity Unit Sources 
Electricity target 100 MW 1MW=3,600 MJ/h 
 360,000 MJ/h  

Electrical efficiency 25% % Assumed by the author (20-25% 
recommended by Martin GmbH, Germany) 

Energy required 1,440,000 MJ/h  

Lower heating value of residual waste  7,581 kJ/kg (wet)
After sorted by tri-motorcycler, municipal 
solid waste collection crews, and scavenger 
(Table 3.3a) 

Assume operation hour 14 hrs/d 5,000 hrs/y in power plant (Rosenfeld and 
Kumar 2001) 

2,659  t/d  Total residual waste demand for 
achievement of 100 MW electricity 
target 970,637 t/y  

 
Table I.2  Calculation of  required mass of municipal solid waste for 2.5 MW anaerobic 
                  digestion  
 

Calculation items Quantity Unit Sources 

2.5 MW Thailand national energy plan 2011 
(BOI 2006) Electricity target   

9,000 MJ/h  

Electrical efficiency 14% % Table I.3 

Energy required 63,617 MJ/h  

Energy production 2,250 MJ/t 
 (wet-input) 

Actual operation of Koh Chang 
municipality (Kaewboran et al., 2007) 

Assume operation hour 8 hours/day Assumed according to actually 
operational hour 

226 t/d  Total residual waste demand for 
achievement of 2.5 MW energy 
target 82,560.51 t/y  

 
Table I.3 Electrical efficiency of anaerobic digestion 
 

Calculation items Quantity Unit Sources 

Energy to electricity production     88.42   kW/t input  Actual operation of Koh Chang 
municipality (Kaewboran et al., 2007)   

Potential energy input   625   kW/t input Table I.4 

Efficiency 14% % Own calculation 

 
Table I.4 Biogas data, Koh Chang sub-district administration, Trad, Thaialnd  
 
KohChang Biogas data Quantity Unit Sources 

Biogas generation rate 100 m3./t input (wet) Actual operation of Koh Chang 
municipality (Kaewboran et al., 2007)   

Heating value of biogas 22.5 MJ/Nm3 Average from 20-25 MJ/Nm3  

 

 A 53



 
 
 
 

Annex J 
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Table J.1 Summary of annual cost of general management in Thailand  

Administration cost 
General management   

(mBaht) Year Staff 
salary 

Materials Utility  Capital 
asset Subsidy Others 

Total 
Waste 

collected7 

(Mt) 

Cost  
(Baht/t) 

Cost  
(€/ t) 8

Bangkok Metropolitan Administration 2005 18.701 5.27 0.37 0.35 0.19 4.29 29.17 3.37E+00 4.24 0.08 
City municipality- Surat Thani 2007 0.232 ------------------------------  0.206 -------------------------------- 0.43 4.88E-02 8.89 0.18 

Town municipality – Ang Thong 2007 0.203 ------------------------------  0.016-------------------------------- 0.22 7.20E-03 30.08 0.60 

Township municipality- Wiang Fang 2006 0.184 ------------------------------  0.016-------------------------------- 0.19 4.54E-03 42.59 0.85 
Sub-district Administration- Kud Kao, 
Khon Kaen 2007 0.015 ------------------------------  0.0066------------------------------- 0.01 7.20E-04 18.20 0.36 

Note;  1 Calculation was based on 49% of total staffs work related to waste management  
2 Calculation was based on shared cost  5% of General secretary (67,000 Baht/month),  10% of  one Deputy general secretary (55,000 Baht/month), 20% of one  
   Director (48,000 Baht/month), 5% of three administration staffs (7,000 Baht/month.person) 

           3 Calculation was based on shared cost  5% of General secretary (55,000 Baht/month),  10% of  one Deputy general secretary (48,000 Baht/month), 30% of one  
     Director (20,000 Baht/month), 50% of 1 administration staff (7,000 Baht/month.person) 

4 Calculation was based on shared cost  5% of General secretary (48,000 Baht/month),  10% of one Deputy general secretary (35,000 Baht/month), 20% of one  
   Director (25,000 Baht/month), 10% of six administration staffs (7,000 Baht/month.person) 

           5 Calculation was wbased on shared cost  20% of one Director (20,000 Baht/month), 50% of two administration staffs (9,000 Baht/month.person) 
6 Administration cost i.e.  materials (office paper), Utility (water supply, telephone, and electricity), Capital cost (computer), Subsidy (Hire external source for  
  cleaning) were included.  
7 Waste collected of different municipality (Table B.4, Annex B)  
8 Exchange rate 50 Thai Baht/ 1€   

 

 

 

 

 

 

 

 

                                               A 55



Table J.2 Summary of annual cost of municipal solid waste collection and transport  
 

Waste collection and 
transport  
(mBaht) 

Year Staff 
salary

Fuel 
cost 

Truck 
maintenance

Truck 
investment Welfare Equipment 

cost 
Subcon-
tracting 

Income 
(Fee) Total 

Waste 
collected7 

(Mt) 

Cost 
(Baht/ 

t) 

Cost8 
(€/ t) 

Bangkok metropolitan 
Administration1 2004 963.22 271.77 260.39 162.01 34.19 9.35 N/A (273.18) 1.427,75 3,37E+00 423,67 8,47 

City municipality- 
Surat Thani 2007 16.172 5.31 10.43 0.13 0.49 5.40 N/A N/A10 38.63 4,88E-02 792.24 15.84 

Town municipality- 
Ang Thong 2007 0.243 0.25 0.30 0.74 0.01 0.11 1.2011 (0.46) 2,40 7,20E-03 332,95 6,66 

Township municipality- 
WiangFang 2006 0.744 -----------------  N/A6  ---------------- 0.04 0.41 1.086 (0.90) 1.35 4.54E-03 298.19 5.96 

Sub-district Administration- 
Kud Kao, Khon Kaen 2007 0.295 0.12 0.01 0.19 0.05 0.03 N/A (0.02) 0,66 7,20E-04 917,38 18,35 

Note;  1 All data were taken from BMA (2005)  
2 The data were taken from annual budget. The shared cost of 75% waste collection and transport, 20% gardening, 5% recycling are assumed according to interview  
   municipal staff.         

           3 Calculation was based on one full time chief (10,000 Baht/month), 20% of two administration staffs (6,000 Baht/month.person), 5% of two contract inspector  
    (10,000 Baht/month)- Ang Thong subcontracts waste collection and transportation to private company, and one full time municipal waste fee collector (6,000  
     Baht/month)  

4 Calculation was based on one full time chief (6,500 Baht/month),  one full time driver (6,000 Baht/month), and nine full time labours  (5,500 Baht/month.person)  
       5 Calculation was based on shared cost  20% of one Director (20,000 Baht/month), one full time driver (6,100 Baht/month), and three waste collection crews (6,100  
                 Baht/month) 

6 Municipality hires private company with the collection and transportation rate 273 Baht (5.46 Euro)/t. The average collected municipal waste is 11 t/d.  
7 Waste collected of different municipality (Table B.4, Annex B)  
8 Exchange rate 50 Thai Baht/ 1€   
9 Waste bins and boxes, waste collection equipments were included.  
10 There is no charge of all management cost of municipal waste according to mayor’s policy.  
11 Municipality hires private company for municipal waste collection and transportation with rate 1.2 mBaht/y. According to the contract, all municipal equipments,   
   and trucks are provided by municipality. All costs of operation except labor cost are, therefore, subjected to municipality. 
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Table J.3 Summary of annual cost of municipal recycling promotion  

Recycling promotion  
 (mBaht) Year Staff 

salary O & M Utility  Capital 
asset Subsidy Others Total 

Waste 
collected 
(Mtonne) 

Cost (Baht/ 
tonne) 

Cost (€/ 
tonne) 4

Bangkok metropolitan 
Administration 2005 7,63 1,51 0,11 1,02 0,09 9,21 19,57 3,37E+00 5,81 0,12 

City municipality- 
Surat Thani 2007 1,08 0,00 0,05 N/A N/A N/A 1,13 4,88E-02 23,09 0,46 

Town municipality- 
Ang Thong 2007 0,011 --------------------------------  0,103  ---------------------------------- 0,11 7,20E-03 14,93 0,30 

Township municipality- 
WiangFang 2006 0,012 --------------------------------  0,173  ---------------------------------- 0,18 4,54E-03 39,48 0,79 

Sub-district Administration- 
Kud Kao, Khon Kaen -------------------------------------------------------   N/A5 ------------------------------------- 0,00 7,20E-04 0,00 0,00 

Note;  1 Calculation was based on 20% of Director (20,000 Baht/month) and 50% of administrative staff (7,000 Baht/month)  
2 Calculation was based on shared overhead (5% of total staff working)   
3 Taken from annual budget                                       
4 Exchange rate 50 Thai Baht/ 1€   
5 There was no recycling promotion performed.   
 

Table J.4 Summary of annual cost of composting, anaerobic digestion and incineration  
Treatment/ 

disposal units 
(mBaht) 

Representative 
Administration  

 
Year Staff 

salary O & M Utility  Capital 
asset 

Subcon-
traction Others Revenue Total 

Waste 
collected 

(Mt) 

Cost 
(Baht/ t) 

Cost  
(€/ t) 4

Composting Bangkok metropolitan 
Administration 2005 5,09 1,60 0,32 0,56 93,003 0.09 N/A7 100.66 0,23 437.64 8.75 

AD Rayong municipality 2007 0.391 --------  2.19 --------- 13.94 11.11 N/A (2.0)6 25.62 0.03 845.79 16.92 
Incineration Phuket municipality  2007 0.391 -------- 28.072 ------- 39.51 31.413 3.00 (6.76) 95.62 0.095 1,047.88 20.96 
Sewage sludge Ang Thong municipality 2007 0.248 -------- 0.539 --------- 0.21 N/A N/A N/A 0.98 0.005 10 4,772.19 95.44 

Note;  1 Calculation was based on 50% of Director (25,000 Baht/month) and two full time staff (10,000 Baht/month.person),     2 Ash disposal was included   
3 The facilities were operated by subcontractor,    4 Exchange rate 50 Thai Baht/ 1€,   5 Calculation was based on maximum capacity 250 t/d,  6 The electricity from  
  biogas was enough only for onsite supply and soil conditioner product was donated to  people only.,   7 The revenue was subjected to subcontractor’s account. , 
 8  Calculation was based on s 25% director (25,000 Baht/month) one driver (8,000 Baht/month) and one worker (6,000Baht/month), 9 Maintenance 1,000  
   Baht/month, Fuel  1,050 Baht.d, sludge haulage 7 m3/trip (87.5% filling rate), Hualing twice per day,  10  m3. unit (convert to tonne by multiply with 4% (solid  
   content)) 
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Table J.5 Summary of annual cost of landfilling  

Recycling promotion 
 (mBaht) Year Staff 

salary Materials Utility Assets Debt 
interest

Operatio-
nal cost 

Subcon-
traction 

 

Env. 
monitoring

Closure 
& Post 
closure 

Others Total 
Waste 

collected
(Mt) 

Cost 
(Baht/ t) 

Cost  
(€/ t) 8

Bangkok metropolitan 
Administration1 2005 63,65 20,02 4,05 6,98 N/A N/A 1.046,58 Included in 

subcontraction N/A 1.10 1.142,37 2,87 398 8.0 

City municipality- 
Surat Thani2 2006 5,63 0,02 0,02 8,44   N/A 3,24 N/A 0,156 3,39 2,48 23,71 5,06E-02 469 9,4 

Town municipality- 
Ang Thong2 2006 0,05 0,01 0,01 11,87 N/A 1,18 N/A 0,156 0,93 N/A 14,29 1,15E-02 1.240   24,8 

Township 
municipality- 
Wiang Fang3  

2006 0,02 N/A5 N/A5 10,74 1,17 N/A 4,40 0,156 2,92 N/A 19,40 1,47E-02 1.343   26,9 

Sub-district 
Administration- 
Kud Kao, Khon Kaen4

2006 0,002 N/A N/A 0,23 N/A 0,06 N/A N/A 0,36 N/A 0,69 2,56E-03 271 5.4 

Note;  1 BMA subcontracted to private company. 
2 Municipality builed, owned and operated.   
3 Municipality builted, owned but subcontracted to private company for operation.    
4 Landfilling in  open pit    
5 Included in subcontracthere was no recycling promotion perfromed.   
6 There was no budget provided for environmental monitoring cost. 50% of actual environmental monitoring cost of private sanitary landfill was assumed.  
7 Calculation was based on unit cost of construction 63 Baht/tonne waste. The post closure 200,000 Baht/y was inclusive.   
8 Exchange rate 50 Thai Baht/ 1€   
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Table J.6 Summary of annual cost of sewage sludge management   
Collection and 
treatment cost3

Administrations (mBaht) 1
Representative 
Administration 

 
Year Staff 

salary Materials Utility Capital 
cost Subsidy 

Disposal 
Subcon-
tractor 

Others Income 
(Fee) Total 

Night-soil 
collected 
(Mm3) (Baht/t) (€7/t) 

BMA and City municipality BMA2 2005 54.82 26.94 1.35 36.04 0.95 54.61 3.00 -40.96  136.75 0.17 19.876.2
3 397.58 

Town municipality, 
Township municipality, and 
SDA 

Ang Thong 
Town  

municipality5
2007 0.234 --------N/A-------- 0.13 N/A N/A N/A -0.016 0.35 0.004 1978.17 39.56 

Note;  1 There were lack in night-soil management data. The similar unit cost of BMA and city municipality and of town municipality, township municipality, and SDA  
   were assumed. 

2 All data were taken from Table 4.10 BMA report (BMA, 2005) 
3 0.04% solid content was used to convert the night-soil volume (cu.m.) to mass unit (tonne). 
4 Calculation was performed based on 20% of Director (20,000 Baht/month), one full time driver (8,000 Baht/month),  and one full time labour (6,000 Baht/month)  
5 Land disposal at garden and farm was assumed according to current operation in Thailand.   
6  The calculation was based on  two night-soil collection subcontractors and collection fee 5,000 Baht/y   
7 Exchange rate 50 Thai Baht/ 1€   
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Table J.7 Cost of secondary materials, Thailand (2008) 
Cost Cost RCC materials (Avg. Baht/ t) (Avg.€/t) 

Fe Metal   
Fe metal 16,867 337 
Thin Fe metal 16,000 320 
Thick Fe metal 17,000 340 
Cast iron (small piece) 17,700 354 
Cast iron (>1 m long) 17,000 340 
Nail 16,700 334 
Small piece Fe metal 16,500 330 

Other metals   
Zinc 550 11 

E-waste & Vehicle   
Vehicle 16,200 324 
PCB 1,000 20 
Monitor 300 6 
Adaptor/UPS 800 16 
CPU 800 16 
E-waste 500 10 

Paper and cardboard   
Paper (Cardboard) 4,850 97 
Paper (Newspaper) 5,300 106 
Paper (printed paper) 8,000 160 

Glass   
Cullet (Flint) 1,400 28 
Cullet (Amber) 950 19 
Cullet (Green) 950 19 
Cullet (Mixed) 950 19 

Plastic   
LDPE 600 12 
HDPE 1,600 32 
      HDPE (20 L Bottle) 1,800 36 
      HDPE (Bottle) 2,600 52 
      HDPE (Bag) 400 8 
PET 1,000 20 
      PET (Clear bottle) 1,450 29 
      PET (Color bottle) 550 11 
Mixed plastic 300 6 
Light beverage carton (LBC) 3,000 60 

Source; Wongpanit, the largest recycle supply chains in Thailand (Cost on 4th June 2008)  www.wongpanit.com
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Table J.8 Cost of recycle  waste collection by private sector  

Tri-motor cycle waste collection Cost  Unit Depreciation/ 
Unit cost Unit 

Motorcycle 45,000 Baht/unit 7 Year 
Fuel consumption 5 Litre/day 30 Baht/Litre 
Maintenance 200 Baht/m 12 m/y 
Total waste haulage 150 kg/d 313 days/year 
Pick up truck  recycle material 
collection Cost  Unit Depreciation/ 

Unit cost Unit 

Pick up truck  500,000 Baht/unit 7 Year 
Fuel consumption 10 Litre/day 30 Baht/Litre 
Maintenance 500 Baht/m 12 m/y 
Total waste haulage 1 t/d 3131 days/year 

Source; Interview of tri-motor cycle waste collectors and pick up truck waste collectors 
 
Table J.9  Assumption and calculation of landfill area and waste in place 
 

Landfill area Assumption Descriptions 

Depth (below ground) 10 m 

Length (ground) 126 m 

Width (ground) 126 m 

 Assumed to cover area around 16,000 m2   

Length (top/bottom) 76 m 

Width (top/bottom) 76 m 
Based on slope 1:3  

Landfill area (ground) 15,876 m2   

Slope area 3,480 m2 Slope 1:3, Slope length 25 m based on slope, 4 sides 

Top area  4,356 m2  

Waste inplace (below gound) 64,512 t 30% cover material, waste inplace density 1 t/m3

Waste inplace (above gound) 58,061 t 3 layers, 3 m height/ layer,  30% cover material, waste 
inplace density 1 t/m3

Total waste inplace 122,573 t  

 

 

  

 

 

 

 

 

 

                                                 
1 Sunday is assumed to be non-working day. 
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Table J.10 Calculation of  landfill capping cost 
 

Items Unit Material Unit Price Net Price 
    net quantity (Baht) (Baht) 

Materials
      
Topsoil m3 2.459 60 147.528 
Grass plantation m2 8.196 30 245.880 
Clay m3 3.688 344 1.268.741 
Geosynthetic Base Liner      
1.5 mm of Smooth GM, Primary Layer m2 4.138 125 517.275 
1.5 mm of Texture GM, Primary Layer m2 4.032 160 645.120 
Geotextile 1100N, Primary Layer m2 8.196 40 327.840 
Geotextile 160N, Top Layer m2 8.196 30 245.880 

Total 3.398.264 
 

Manpower and machine
     
Material Selection      

- CQA Engineer day 2 15,000 30,000 
Sub grade       
- Excavator; fill formation day 21 7,700 161,700  
- Dozer D2 day 42 6,900 289,800  
- Dozer D5 day 42 17,100 718,200  
- Dump truck day 42 3,400 142,800  

- Roller Compactor day 4 8,600   36,711  

- Grader day 3 8,600   25,800  
- In-house Engineer day 11 3,000   31,500  
- Labor day 105 350   36,750  
- CQA Engineer day 4 15,000   60,000  
Compacted Clay ;        
- Excavator day 17 7,700  131,478  
- Tractor day 35 7,100 248,500 
- Dozer D5 day 60 17,100 1,026,000 
- Dump truck day 51 3,400           174,165  
- Roller Compactor day 4 8,600  36,711 
- Sheep Foot Compactor day 34 8,600 293,690 
- In-house Engineer day 14 3,000 41,620 
- Labor day 36 3,400 123,367 
- CQA Engineer day 8 15,000 115,256 
Geosynthetic Base Liner        
1.5 mm of Smooth GM, Primary Layer m2 4.138 18    74,488  
1.5 mm of Texture GM, Primary Layer m2 4.032 18 72,576 
Geotextile 1100N, Primary Layer m2 8.196 4 32,784 
Geotextile 160N, Top Layer m2 8.196 4 32,784 
- In-house Engineer day 12 3,000 37,325 
- Labor day 12 350 4,355 
- CQA Engineer day 39 15,000 585,000 
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Table J.10 Calculation of  landfill capping cost (cont.) 
 

Items Unit Material Unit Price Net Price 
    net quantity (Baht) (Baht) 
Survey day 10 10,000 100,000 
CQA reports set 1 70,000 70,000 
Post-closure care      
- Environmental monitoring Year   150,000 
- Maintenance equipments Year   150,000 
- Monitoring worker man-year 12 7,000 84,000 

Total 4.270.849 
Material testing

 
Material Selection         
- sub grade material         
   standard proctor  test 4 800  3.200  
   field density test - 5.500 - 
   Atterberg test 2 200 400 
   sieve analysis test 2 200 400 
   moisture content test 2 50 100 
   permeability test 3 1.200 3.600 
- clay material      

4.800    standard proctor  test 6 800 
   field density test 6 5.500 33.000 
   Atterberg test 6 200 1.200 
   sieve analysis test 6 200 1.200 
   moisture content test 6 50 300 
   permeability test 6 2.000 12.000 
Sub grade Compaction       
   standard proctor  test 2 800 1.600 
   field density test 2 5.500 8.452 
   Atterberg test - 200 - 
   sieve analysis test 20 200 4.098 
   moisture content test 10 50 512 
   permeability test - 1.200 - 
  mobilization fee for testing team trip 2 2.000 3.074 
Clay Compaction      
   standard proctor  test 10 800 8.196 
   field density test 4 5.500 22.539 
   Atterberg test 4 200 820 
   sieve analysis test 4 200 820 
   moisture content test 4 50 205 
   permeability test 8 1.200 9.835 
  mobilization fee for testing team trip 4 2.000 8.196 
Geosynthetic Base Liner      
- Geomembrane tests      
   thickness test 2 3.000 4.918 
   tensile stress test 2 3.000 4.918 
- Geomembrane Destructive Test test 30 1.500 45.000 
- Geotextile tests      
   thickness, 1100N test 2 2.000 3.278 
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Table J.10 Calculation of  landfill capping cost (cont.) 
 

Items Unit Material Unit Price Net Price 
    net quantity (Baht) (Baht) 
   mass per unit, 1100N test 2 2.000 3.278 
   thickness, 160N test 2 2.000 3.278 
   mass per unit, 160N test 2 2.000  3.278  

Total 196.495 
Total cost 7.843.118 
Mark up 25% 9,803,898 
VAT (7%) 686.273 
Total Gross price 10.490.170 

86 (1.8 €) Total price per tonne waste  : Baht (Euro) 
 

Table J.11 Calculation of installation of landfill gas collection system 

 

Items Unit Material Unit Price Net Price 
    net quantity (Baht) (Baht) 

Materials
Gas collection pipe-Horizontal 
collectors         
Flare station and control box 1 - 350,000 350,000 
Geotextile 160N, gw collection trench m2 2.041 30 61.236 
Drainage stone, 3/4" 900x1200 mm m3 936 128 119.750 
Gas collection pipe HDPE 150 mm, 
SDR11 

m 851 523 444.471 

Total 975.458 
Manpower and machine

Landfill gas installation        
- Excavator; cutand fill formation day                            3 9.500 28.500 
- Dump Truck day                          10 4.000 41.580 
- HDPE pipe perforation (labor) man-day                            4 350 1.400 
- HDPE pipe installation (labor) man-day                          18 350 6.300 
- In-house Engineer day                            3 3.000 9.000 
- CQA Engineer day                            3 15.000 45.000 
- Rental pipe welding machine day                            5 15.000 75.000 
Survey day                            3 10.000 30.000 
CQA reports set                            1 35.000 35.000 

Total 271.780 
Total cost 1,247,238 
Mark up 25% 1,559,048 
VAT (7%) 109,133 
Total Gross price 1,668,181 

13.6 (0.3 €) Total price per tonne waste  : Baht (Euro) 
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Table J.12 Conclusion of full costs, by-product revenues, and net cost   
 

Scenarios Full costs of MSW 
management 

By-product 
revenues Net costs % Increase of 

full costs 
% increase of 

by-product 

A 569.56 -398.09 171.47 0% 0% 
B 743.60 -555.65 187.95 31% 40% 
C 646.75 -414.28 232.48 14% 4% 
D 618.38 -400.93 217.45 9% 1% 
E 623.91 -398.10 225.81 10% 0% 
F 645.37 -398.10 247.27 13% 0% 
F 612.53 -406.25 206.28 8% 2% 

Unit: m€ 
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Table K.1 Result of life cycle impact assessment  
 
Scenario A  

Module 
Name 

Global 
Warming 
100 Years 
(EDIP97): 

[kg CO2-eq]

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[m3 water] 

Stored 
Ecotoxicity 
in Water 

(EDIP): [m3 
water] 

Human 
Toxicity via 

Soil 
(EDIP97): 
[m3 soil] 

Photochemi
cal Ozone 

Formation, 
Low NOx 
(EDIP97): 
[kg C2H4-

eq] 

Ecotoxicity 
in Soil 

(EDIP97): 
[m3 soil] 

Human 
Toxicity via 

Water 
(EDIP97): 
[m3 water] 

Acidification 
(EDIP97): 

[kg SO2-eq] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[kg CFC11-
eq] 

Human 
Toxicity 
via Air 

(EDIP97): 
[m3 air] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): [m3 

soil] 

Nutrient 
Enrichment 
(EDIP97): 

[kg NO3-eq]

Photochemi
cal Ozone 

Formation, 
High NOx 
(EDIP97): 
[kg C2H4-

eq] 
Collection 

Phase 7.45E+07 2.29E+10 0.00E+00 1.94E+07 9.18E+04 6.72E+08 4.07E+07 1.39E+05 0.00E+00 2.04E+14 0.00E+00 1.11E+05 9.05E+04 

Transportat
ion Phase 1.69E+08 5.30E+10 0.00E+00 9.11E+07 2.11E+05 3.19E+09 8.19E+07 1.05E+06 0.00E+00 9.74E+14 0.00E+00 1.80E+06 2.18E+05 

Treatment, 
Recovery 

and 
Disposal 

Phase 

9.44E+09 2.83E+14 4.38E+13 7.86E+10 2.60E+07 7.00E+11 1.10E+14 9.85E+06 4.90E+04 1.14E+17 9.99E+07 2.27E+07 2.50E+07 

Total 9.68E+09 2.83E+14 4.38E+13 7.87E+10 2.63E+07 7.04E+11 1.10E+14 1.10E+07 4.90E+04 1.15E+17 9.99E+07 2.46E+07 2.54E+07 
              

Scenario B              
Module 
Name 

Global 
Warming 
100 Years 
(EDIP97): 

[kg CO2-eq]

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[m3 water] 

Stored 
Ecotoxicity 
in Water 

(EDIP): [m3 
water] 

Human 
Toxicity via 

Soil 
(EDIP97): 
[m3 soil] 

Photochemi
cal Ozone 

Formation, 
Low NOx 
(EDIP97): 
[kg C2H4-

eq] 

Ecotoxicity 
in Soil 

(EDIP97): 
[m3 soil] 

Human 
Toxicity via 

Water 
(EDIP97): 
[m3 water] 

Acidification 
(EDIP97): 

[kg SO2-eq] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[kg CFC11-
eq] 

Human 
Toxicity 
via Air 

(EDIP97): 
[m3 air] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): [m3 

soil] 

Nutrient 
Enrichment 
(EDIP97): 

[kg NO3-eq]

Photochemi
cal Ozone 

Formation, 
High NOx 
(EDIP97): 
[kg C2H4-

eq] 

Collection 
Phase 1.69E+08 5.22E+10 0.00E+00 5.57E+07 2.09E+05 1.94E+09 9.02E+07 5.00E+05 0.00E+00 5.91E+14 0.00E+00 6.41E+05 2.09E+05 

Transportat
ion Phase 2.37E+08 7.44E+10 0.00E+00 1.26E+08 2.95E+05 4.42E+09 1.15E+08 1.44E+06 0.00E+00 1.35E+15 0.00E+00 2.47E+06 3.05E+05 

Treatment, 
Recovery 

and 
Disposal 

Phase 

1.89E+09 2.49E+14 4.30E+13 6.62E+10 2.08E+07 6.13E+11 9.68E+13 -6.43E+05 4.08E+04 9.50E+16 9.28E+07 1.34E+07 2.01E+07 

Total 2.29E+09 2.49E+14 4.30E+13 6.64E+10 2.13E+07 6.19E+11 9.68E+13 1.29E+06 4.08E+04 9.70E+16 9.28E+07 1.65E+07 2.06E+07 
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Scenario C              
Module 
Name 

Global 
Warming 
100 Years 
(EDIP97): 

[kg CO2-eq]

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[m3 water] 

Stored 
Ecotoxicity 
in Water 

(EDIP): [m3 
water] 

Human 
Toxicity via 

Soil 
(EDIP97): 
[m3 soil] 

Photochemi
cal Ozone 

Formation, 
Low NOx 
(EDIP97): 
[kg C2H4-

eq] 

Ecotoxicity 
in Soil 

(EDIP97): 
[m3 soil] 

Human 
Toxicity via 

Water 
(EDIP97): 
[m3 water] 

Acidification 
(EDIP97): 

[kg SO2-eq]

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[kg CFC11-
eq] 

Human 
Toxicity 
via Air 

(EDIP97): 
[m3 air] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): [m3 

soil] 

Nutrient 
Enrichment 
(EDIP97): 

[kg NO3-eq]

Photochemi
cal Ozone 

Formation, 
High NOx 
(EDIP97): 
[kg C2H4-

eq] 

Collection 
Phase 1.22E+08 3.78E+10 0.00E+00 4.58E+07 1.52E+05 1.60E+09 6.42E+07 4.49E+05 0.00E+00 4.87E+14 0.00E+00 6.48E+05 1.52E+05 

Transportat
ion Phase 1.71E+08 5.38E+10 0.00E+00 9.24E+07 2.14E+05 3.24E+09 8.32E+07 1.06E+06 0.00E+00 9.88E+14 0.00E+00 1.83E+06 2.21E+05 

Treatment, 
Recovery 

and 
Disposal 

Phase 

4.69E+09 2.83E+14 4.55E+13 7.86E+10 2.45E+07 7.01E+11 1.10E+14 2.26E+07 4.18E+04 1.14E+17 1.22E+08 4.73E+07 2.36E+07 

Total 4.99E+09 2.83E+14 4.55E+13 7.87E+10 2.49E+07 7.05E+11 1.10E+14 2.41E+07 4.18E+04 1.15E+17 1.22E+08 4.98E+07 2.40E+07 
 
Scenario D 

Module 
Name 

Global 
Warming 
100 Years 
(EDIP97): 

[kg CO2-eq]

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[m3 water] 

Stored 
Ecotoxicity 
in Water 

(EDIP): [m3 
water] 

Human 
Toxicity via 

Soil 
(EDIP97): 
[m3 soil] 

Photochemi
cal Ozone 

Formation, 
Low NOx 
(EDIP97): 
[kg C2H4-

eq] 

Ecotoxicity 
in Soil 

(EDIP97): 
[m3 soil] 

Human 
Toxicity via 

Water 
(EDIP97): 
[m3 water] 

Acidification 
(EDIP97): 

[kg SO2-eq]

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[kg CFC11-
eq] 

Human 
Toxicity 
via Air 

(EDIP97): 
[m3 air] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): [m3 

soil] 

Nutrient 
Enrichment 
(EDIP97): 

[kg NO3-eq]

Photochemi
cal Ozone 

Formation, 
High NOx 
(EDIP97): 
[kg C2H4-

eq] 

Collection 
Phase 1.22E+08 3.77E+10 0.00E+00 4.58E+07 1.51E+05 1.60E+09 6.40E+07 4.49E+05 0.00E+00 4.86E+14 0.00E+00 6.49E+05 1.52E+05 

Transporta
tion Phase 1.71E+08 5.36E+10 0.00E+00 9.22E+07 2.13E+05 3.23E+09 8.29E+07 1.06E+06 0.00E+00 9.85E+14 0.00E+00 1.82E+06 2.20E+05 

Treatment, 
Recovery 

and 
Disposal 

Phase 

5.11E+09 2.83E+14 4.46E+13 7.87E+10 2.45E+07 7.00E+11 1.10E+14 1.13E+07 4.30E+04 1.14E+17 1.03E+08 2.59E+07 2.36E+07 

Total 5.40E+09 2.83E+14 4.46E+13 7.88E+10 2.49E+07 7.05E+11 1.10E+14 1.28E+07 4.30E+04 1.15E+17 1.03E+08 2.84E+07 2.40E+07 
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Scenario E 
Module 
Name 

Global 
Warming 
100 Years 
(EDIP97): 

[kg CO2-eq]

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[m3 water] 

Stored 
Ecotoxicity 
in Water 

(EDIP): [m3 
water] 

Human 
Toxicity via 

Soil 
(EDIP97): 
[m3 soil] 

Photochemi
cal Ozone 

Formation, 
Low NOx 
(EDIP97): 
[kg C2H4-

eq] 

Ecotoxicity 
in Soil 

(EDIP97): 
[m3 soil] 

Human 
Toxicity via 

Water 
(EDIP97): 
[m3 water] 

Acidification 
(EDIP97): 

[kg SO2-eq]

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[kg CFC11-
eq] 

Human 
Toxicity 
via Air 

(EDIP97): 
[m3 air] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): [m3 

soil] 

Nutrient 
Enrichment 
(EDIP97): 

[kg NO3-eq]

Photochemi
cal Ozone 

Formation, 
High NOx 
(EDIP97): 
[kg C2H4-

eq] 
Collection 

Phase 1.20E+08 3.74E+10 0.00E+00 4.56E+07 1.50E+05 1.59E+09 6.33E+07 4.49E+05 0.00E+00 4.84E+14 0.00E+00 6.50E+05 1.51E+05 

Transporta
tion Phase 1.69E+08 5.30E+10 0.00E+00 9.11E+07 2.11E+05 3.19E+09 8.19E+07 1.05E+06 0.00E+00 9.74E+14 0.00E+00 1.80E+06 2.18E+05 

Treatment, 
Recovery 

and 
Disposal 

Phase 

3.16E+09 2.83E+14 4.38E+13 7.85E+10 2.43E+07 7.00E+11 1.10E+14 1.02E+07 2.98E+04 1.29E+17 9.99E+07 2.33E+07 2.33E+07 

Total 3.45E+09 2.83E+14 4.38E+13 7.87E+10 2.46E+07 7.05E+11 1.10E+14 1.17E+07 2.98E+04 1.30E+17 9.99E+07 2.58E+07 2.37E+07 

 
Scenario F             

Module 
Name 

Global 
Warming 
100 Years 
(EDIP97): 

[kg CO2-eq]

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[m3 water] 

Stored 
Ecotoxicity 
in Water 

(EDIP): [m3 
water] 

Human 
Toxicity via 

Soil 
(EDIP97): 
[m3 soil] 

Photochemi
cal Ozone 

Formation, 
Low NOx 
(EDIP97): 
[kg C2H4-

eq] 

Ecotoxicity 
in Soil 

(EDIP97): 
[m3 soil] 

Human 
Toxicity via 

Water 
(EDIP97): 
[m3 water] 

Acidification 
(EDIP97): 

[kg SO2-eq]

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[kg CFC11-
eq] 

Human 
Toxicity 
via Air 

(EDIP97): 
[m3 air] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): [m3 

soil] 

Nutrient 
Enrichment 
(EDIP97): 

[kg NO3-eq]

Photochemi
cal Ozone 

Formation, 
High NOx 
(EDIP97): 
[kg C2H4-

eq] 

Collection 
Phase 1.27E+08 3.93E+10 0.00E+00 4.91E+07 1.58E+05 1.71E+09 6.64E+07 4.90E+05 0.00E+00 5.22E+14 0.00E+00 7.23E+05 1.59E+05 

Transporta
tion Phase 1.78E+08 5.59E+10 0.00E+00 9.64E+07 2.22E+05 3.38E+09 8.66E+07 1.11E+06 0.00E+00 1.03E+15 0.00E+00 1.91E+06 2.30E+05 

Treatment, 
Recovery 

and 
Disposal 

Phase 

4.21E+09 2.31E+14 4.95E+13 6.42E+10 2.03E+07 5.73E+11 8.96E+13 7.07E+06 3.83E+04 1.08E+17 1.24E+08 1.89E+07 1.95E+07 

Total 4.51E+09 2.31E+14 4.95E+13 6.44E+10 2.07E+07 5.78E+11 8.96E+13 8.67E+06 2.83E+04 1.09E+17 1.24E+08 2.15E+07 1.99E+07 
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Scenario G             

Module 
Name 

Global 
Warming 100 

Years 
(EDIP97): 

[kg CO2-eq] 

Ecotoxicity in 
Water, 

Chronic 
(EDIP97): 
[m3 water] 

Stored 
Ecotoxicity in 

Water 
(EDIP): [m3 

water] 

Human 
Toxicity via 

Soil 
(EDIP97): 
[m3 soil] 

Photochemic
al Ozone 

Formation, 
Low NOx 
(EDIP97): 

[kg C2H4-eq]

Ecotoxicity in 
Soil 

(EDIP97): 
[m3 soil] 

Human 
Toxicity 

via Water 
(EDIP97): 
[m3 water] 

Acidification 
(EDIP97): 

[kg SO2-eq] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[kg CFC11-
eq] 

Human 
Toxicity 
via Air 

(EDIP97): 
[m3 air] 

Stored 
Ecotoxicity in 
Soil (EDIP): 

[m3 soil] 

Nutrient 
Enrichment 
(EDIP97): 

[kg NO3-eq] 

Photochemic
al Ozone 

Formation, 
High NOx 
(EDIP97): 

[kg C2H4-eq] 

Collection 
Phase 1.20E+08 3.74E+10 0.00E+00 4.56E+07 1.50E+05 1.59E+09 6.33E+07 4.49E+05 0.00E+00 4.84E+14 0.00E+00 6.50E+05 1.51E+05 

Transportat
ion Phase 1.69E+08 5.30E+10 0.00E+00 9.11E+07 2.11E+05 3.19E+09 8.20E+07 1.05E+06 0.00E+00 9.74E+14 0.00E+00 1.80E+06 2.18E+05 

Treatment, 
Recovery 

and 
Disposal 

Phase 

4.88E+09 2.29E+14 4.39E+13 6.44E+10 1.13E+07 5.69E+11 8.88E+13 1.34E+07 3.63E+04 1.13E+17 1.00E+08 3.05E+07 1.05E+07 

Total 5.17E+09 2.29E+14 4.39E+13 6.45E+10 1.16E+07 5.73E+11 8.88E+13 1.49E+07 3.63E+04 1.15E+17 1.00E+08 3.29E+07 1.09E+07 
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Table K.2 Normalization of impact potentials  
Note: Photochemical Ozone Formation Low NOx is used to calculate grand total normalization according to low density population in Thailand (Stranddorf et al., 2005a) 
 
Scenario A              
Module Name Human 

Toxicity 
via Water 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
High NOx 
(EDIP97): 

[PE] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[PE] 

Nutrient 
Enrichment 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
Low NOx 
(EDIP97): 

[PE] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): 

[PE] 

Stored 
Ecotoxicity 
in Water 
(EDIP): 

[PE] 

Human 
Toxicity 
via Air 

(EDIP97): 
[PE] 

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[PE] 

Acidification 
(EDIP97): 

[PE] 

Ecotoxicity 
in Soil 

(EDIP97): 
[PE] 

Global 
Warming 
100 Years 
(EDIP97): 

[PE] 

Human 
Toxicity 
via Soil 

(EDIP97): 
[PE] 

Collection 
Phase 9.73E+02 4.11E+03 0.00E+00 1.17E+03 4.17E+03 0.00E+00 0.00E+00 4.79E+03 8.12E+04 2.35E+03 8.72E+02 8.56E+03 1.90E+05 

Transportation 
Phase 1.96E+03 9.89E+03 0.00E+00 1.90E+04 9.57E+03 0.00E+00 0.00E+00 2.28E+04 1.88E+05 1.77E+04 4.14E+03 1.94E+04 8.93E+05 

Treatment, 
Recovery and 
Disposal Phase 

2.62E+09 1.14E+06 4.76E+05 2.39E+05 1.18E+06 1.97E+05 3.85E+06 2.66E+06 1.00E+09 1.67E+05 9.08E+05 1.09E+06 7.71E+08 

Total 2.62E+09 1.15E+06 4.76E+05 2.59E+05 1.19E+06 1.97E+05 3.85E+06 2.69E+06 1.00E+09 1.87E+05 9.13E+05 1.11E+06 7.72E+08 

Grand total 4.41E+09             
              
Scenario B              
Module Name Human 

Toxicity 
via Water 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
High NOx 
(EDIP97): 

[PE] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[PE] 

Nutrient 
Enrichment 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
Low NOx 
(EDIP97): 

[PE] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): 

[PE] 

Stored 
Ecotoxicity 
in Water 
(EDIP): 

[PE] 

Human 
Toxicity 
via Air 

(EDIP97): 
[PE] 

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[PE] 

Acidification 
(EDIP97): 

[PE] 

Ecotoxicity 
in Soil 

(EDIP97): 
[PE] 

Global 
Warming 
100 Years 
(EDIP97): 

[PE] 

Human 
Toxicity 
via Soil 

(EDIP97): 
[PE] 

Collection 
Phase 2.16E+03 9.49E+03 0.00E+00 6.75E+03 9.52E+03 0.00E+00 0.00E+00 1.38E+04 1.85E+05 8.47E+03 2.52E+03 1.94E+04 5.46E+05 

Transportation 
Phase 2.74E+03 1.38E+04 0.00E+00 2.60E+04 1.34E+04 0.00E+00 0.00E+00 3.16E+04 2.64E+05 2.44E+04 5.73E+03 2.73E+04 1.24E+06 

Treatment, 
Recovery and 
Disposal Phase 

2.31E+09 9.14E+05 3.96E+05 1.41E+05 9.47E+05 1.83E+05 3.77E+06 2.23E+06 8.83E+08 -1.09E+04 7.94E+05 2.17E+05 6.49E+08 

Total 2.31E+09 9.38E+05 3.96E+05 1.73E+05 9.69E+05 1.83E+05 3.77E+06 2.27E+06 8.84E+08 2.19E+04 8.03E+05 2.64E+05 6.51E+08 

Grand total 3.86E+09             
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Scenario C              
Module Name Human 

Toxicity 
via Water 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
High NOx 
(EDIP97): 

[PE] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[PE] 

Nutrient 
Enrichment 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
Low NOx 
(EDIP97): 

[PE] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): 

[PE] 

Stored 
Ecotoxicity 
in Water 
(EDIP): 

[PE] 

Human 
Toxicity 
via Air 

(EDIP97): 
[PE] 

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[PE] 

Acidification 
(EDIP97): 

[PE] 

Ecotoxicity 
in Soil 

(EDIP97): 
[PE] 

Global 
Warming 
100 Years 
(EDIP97): 

[PE] 

Human 
Toxicity 
via Soil 

(EDIP97): 
[PE] 

Collection 
Phase 1.54E+03 6.93E+03 0.00E+00 6.82E+03 6.90E+03 0.00E+00 0.00E+00 1.14E+04 1.34E+05 7.62E+03 2.07E+03 1.40E+04 4.49E+05 

Transportation 
Phase 1.99E+03 1.00E+04 0.00E+00 1.92E+04 9.72E+03 0.00E+00 0.00E+00 2.31E+04 1.91E+05 1.80E+04 4.20E+03 1.97E+04 9.06E+05 

Treatment, 
Recovery and 
Disposal Phase 

2.62E+09 1.07E+06 4.06E+05 4.98E+05 1.12E+06 2.41E+05 3.99E+06 2.66E+06 1.00E+09 3.83E+05 9.09E+05 5.39E+05 7.70E+08 

Total 2.62E+09 1.09E+06 4.06E+05 5.24E+05 1.13E+06 2.41E+05 3.99E+06 2.70E+06 1.00E+09 4.09E+05 9.15E+05 5.73E+05 7.72E+08 

Grand total 4.41E+09             
              
Scenario D              
Module Name Human 

Toxicity 
via Water 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
High NOx 
(EDIP97): 

[PE] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[PE] 

Nutrient 
Enrichment 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
Low NOx 
(EDIP97): 

[PE] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): 

[PE] 

Stored 
Ecotoxicity 
in Water 
(EDIP): 

[PE] 

Human 
Toxicity 
via Air 

(EDIP97): 
[PE] 

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[PE] 

Acidification 
(EDIP97): 

[PE] 

Ecotoxicity 
in Soil 

(EDIP97): 
[PE] 

Global 
Warming 
100 Years 
(EDIP97): 

[PE] 

Human 
Toxicity 
via Soil 

(EDIP97): 
[PE] 

Collection 
Phase 1.53E+03 6.91E+03 0.00E+00 6.83E+03 6.87E+03 0.00E+00 0.00E+00 1.14E+04 1.34E+05 7.61E+03 2.07E+03 1.40E+04 4.49E+05 

Transportation 
Phase 1.98E+03 1.00E+04 0.00E+00 1.92E+04 9.69E+03 0.00E+00 0.00E+00 2.31E+04 1.90E+05 1.79E+04 4.18E+03 1.96E+04 9.04E+05 

Treatment, 
Recovery and 
Disposal Phase 

2.63E+09 1.07E+06 4.18E+05 2.73E+05 1.11E+06 2.04E+05 3.91E+06 2.66E+06 1.00E+09 1.92E+05 9.08E+05 5.87E+05 7.71E+08 

Total 2.63E+09 1.09E+06 4.18E+05 2.99E+05 1.13E+06 2.04E+05 3.91E+06 2.70E+06 1.00E+09 2.17E+05 9.15E+05 6.21E+05 7.73E+08 

Grand total 4.42E+09             
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Scenario E              
Module Name Human 

Toxicity 
via Water 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
High NOx 
(EDIP97): 

[PE] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[PE] 

Nutrient 
Enrichment 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
Low NOx 
(EDIP97): 

[PE] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): 

[PE] 

Stored 
Ecotoxicity 
in Water 
(EDIP): 

[PE] 

Human 
Toxicity 
via Air 

(EDIP97): 
[PE] 

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[PE] 

Acidification 
(EDIP97): 

[PE] 

Ecotoxicity 
in Soil 

(EDIP97): 
[PE] 

Global 
Warming 
100 Years 
(EDIP97): 

[PE] 

Human 
Toxicity 
via Soil 

(EDIP97): 
[PE] 

Collection 
Phase 1.52E+03 6.85E+03 0.00E+00 6.84E+03 6.81E+03 0.00E+00 0.00E+00 1.13E+04 1.32E+05 7.60E+03 2.06E+03 1.38E+04 4.47E+05 

Transportation 
Phase 1.96E+03 9.89E+03 0.00E+00 1.90E+04 9.57E+03 0.00E+00 0.00E+00 2.28E+04 1.88E+05 1.77E+04 4.14E+03 1.94E+04 8.93E+05 

Treatment, 
Recovery and 
Disposal Phase 

2.62E+09 1.06E+06 2.89E+05 2.46E+05 1.10E+06 1.97E+05 3.85E+06 3.01E+06 1.00E+09 1.74E+05 9.08E+05 3.64E+05 7.70E+08 

Total 2.62E+09 1.08E+06 2.89E+05 2.71E+05 1.12E+06 1.97E+05 3.85E+06 3.05E+06 1.00E+09 1.99E+05 9.15E+05 3.97E+05 7.71E+08 

Grand total 4.41E+09             
              
Scenario F              
Module Name Human 

Toxicity 
via Water 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
High NOx 
(EDIP97): 

[PE] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): 

[PE] 

Nutrient 
Enrichment 
(EDIP97): 

[PE] 

Photochemical 
Ozone 

Formation, 
Low NOx 
(EDIP97): 

[PE] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): 

[PE] 

Stored 
Ecotoxicity 
in Water 
(EDIP): 

[PE] 

Human 
Toxicity 
via Air 

(EDIP97): 
[PE] 

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[PE] 

Acidification 
(EDIP97): 

[PE] 

Ecotoxicity 
in Soil 

(EDIP97): 
[PE] 

Global 
Warming 
100 Years 
(EDIP97): 

[PE] 

Human 
Toxicity 
via Soil 

(EDIP97): 
[PE] 

Collection 
Phase 1.59E+03 7.22E+03 0.00E+00 7.61E+03 7.17E+03 0.00E+00 0.00E+00 1.22E+04 1.39E+05 8.31E+03 2.22E+03 1.46E+04 4.81E+05 

Transportation 
Phase 2.07E+03 1.04E+04 0.00E+00 2.01E+04 1.01E+04 0.00E+00 0.00E+00 2.41E+04 1.98E+05 1.88E+04 4.38E+03 2.05E+04 9.46E+05 

Treatment, 
Recovery and 
Disposal Phase 

2.14E+09 8.87E+05 3.72E+05 1.99E+05 9.22E+05 2.45E+05 4.34E+06 2.53E+06 8.19E+08 1.20E+05 7.43E+05 4.84E+05 6.30E+08 

Total 2.14E+09 9.04E+05 3.72E+05 2.26E+05 9.39E+05 2.45E+05 4.34E+06 2.56E+06 8.19E+08 1.47E+05 7.49E+05 5.19E+05 6.31E+08 

Grand total 3.61E+09 
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Scenario G 

            
Module Name Human 

Toxicity 
via 

Water 
(EDIP97)

: [m3 
water] 

Photochemical 
Ozone 

Formation, 
High NOx 

(EDIP97): [kg 
C2H4-eq] 

Stratospheric 
Ozone 

Depletion 
(EDIP97): [kg 

CFC11-eq] 

Nutrient 
Enrichment 
(EDIP97): 
[kg NO3-

eq] 

Photochemical 
Ozone 

Formation, 
Low NOx 

(EDIP97): [kg 
C2H4-eq] 

Stored 
Ecotoxicity 

in Soil 
(EDIP): 
[m3 soil] 

Stored 
Ecotoxicity 
in Water 
(EDIP): 

[m3 water]

Human 
Toxicity via 

Air 
(EDIP97): 
[m3 air] 

Ecotoxicity 
in Water, 
Chronic 

(EDIP97): 
[m3 water] 

Acidification 
(EDIP97): 

[kg SO2-eq]

Ecotoxicity 
in Soil 

(EDIP97): 
[m3 soil] 

Global 
Warming 

100 
Years 

(EDIP97)
: [kg 

CO2-eq] 

Human 
Toxicity 
via Soil 

(EDIP97)
: [m3 
soil] 

Collection 
Phase 0.00E+00 1.90E+05 8.12E+04 8.56E+03 4.17E+03 8.72E+02 0.00E+00 2.35E+03 4.11E+03 4.79E+03 0.00E+00 9.73E+02 1.17E+03 

Transportatio
n Phase 0.00E+00 8.93E+05 1.88E+05 1.94E+04 9.57E+03 4.14E+03 0.00E+00 1.77E+04 9.89E+03 2.28E+04 0.00E+00 1.96E+03 1.90E+04 

Treatment, 
Recovery and 

Disposal 
Phase 

2.78E+0
8 7.89E+05 2.82E+05 2.73E+05 8.34E+05 3.56E+0

6 
8.40E+0

6 1.17E+06 3.92E+07 1.97E+05 9.94E+04 5.82E+0
5 

5.79E+0
8 

Total 2.12E+09 4.95E+05 3.53E+05 3.47E+05 5.29E+05 1.99E+05 3.85E+06 2.69E+06 8.13E+08 2.52E+05 7.44E+05 5.94E+05 6.33E+09 

Grand total 1.24E+09 
 
 

 
 
Table K.3  Impact potential based on municipal solid waste management activities 
 

Scenarios Collection Phase Transportation Phase Treatment, Recovery and 
Disposal Phase 

Total 

A 2.94E+05 1.18E+06 4.41E+09 4.41E+09 
B 7.94E+05 1.63E+06 3.86E+09 3.86E+09 
C 6.34E+05 1.19E+06 4.41E+09 4.41E+09 
D 6.33E+05 1.19E+06 4.41E+09 4.42E+09 
E 6.29E+05 1.18E+06 4.41E+09 4.41E+09 
F 6.75E+05 1.24E+06 3.60E+09 3.60E+09 
G 6.36E+05 1.19E+06 3.58E+09 3.58E+09 
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Annex L 
 

Sensitivity analysis 
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Table L.1 Sensitivity analysis of population  
 

Variation of population Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 
(Mt)) 

Open 
burning 

(Mt) 

LCA 
(MPE/t 

waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% population increase 70.14 19.50 3.20 0.22 0.15 3.78 5.20 7.08    4,747.79   29.89 9.00 
Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74    4,519.89   28.47 8.57 
5% population decrease 63.46 17.64 2.90 0.20 0.15 3.42 4.70 6.40    4,292.00   27.06 8.15 

 
 
Table L.2 Sensitivity analysis of recycling rate 
 

Variation of recycling 
rate 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% recycling rate 
increase (17.85% 
recycling rate) 

66.80 18.57 3.20 0.21 0.15 3.53 4.86 6.74 4,519.88 29.21 8.33 

Base case (17%) 66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% recycling rate 
decrease (16.15% 
recycling rate) 

66.80 18.57 2.90 0.21 0.15 3.66 5.04 6.74     4,519.91    27.73 8.82 
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Table L.3 Sensitivity analysis of open burning fraction (mass) 
 

Variation of open 
burning  fraction 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt)) 

Open 
dumping 

(Mt)) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt)) 

LCA 
(MPE/t 

waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase waste 
collection (avoided open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.73 5.14 6.42 4,305.88  28.82 8.92 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% decrease waste 
collection (increase open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.46 4.76 7.06 4,733.90  28.13 8.23 

 
 
Table L.4 Sensitivity analysis of open burning-all output emissions 
 

Variation of open 
burning emission 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt)) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt)) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase of all output 
emissions  (both air and 
groundwater emissions) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,745.88  28.82 8.92 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% decrease of all 
output emissions  (both 
air and groundwater 
emissions) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,293.90  28.13 8.23 
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Table L.5 Sensitivity analysis of open burning-all output emissions (excluded dioxin) 
 

Variation of open 
burning  fraction 

Population 
(Million caps) 

Waste 
generation 
(Mtonnes) 

Secondary 
materials 
(Mtonnes) 

Biological 
treatment 
(Mtonnes) 

Incineration 
(Mtonnes) 

Open 
dumping 

(Mtonnes) 

Engineered 
landfill 

(Mtonnes) 

Open 
burning 

(Mtonnes) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase of all output 
emissions  (both air and 
groundwater emissions)-
excluded dioxin  

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,524.86  28.82 8.92 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% decrease of all 
output emissions  (both 
air and groundwater 
emissions) -excluded 
dioxin 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,514.92  28.13 8.23 

 
 
Table L.6 Sensitivity analysis of open burning-dioxin output emissions only 
 

Variation of open 
burning emission 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt)) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt)) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase of dioxin 
output emission only 
(both air and 
groundwater emissions) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,736.84  28.82 8.92 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% decrease of dioxin 
output emission only 
(both air and 
groundwater emissions) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,302.94  28.13 8.23 
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Table L.7 Sensitivity analysis of home composting (mass) 
 

Variation of 
open 

burning 
fraction 

Population  
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill (Mt) 

Home 
composting

(Mt) 

Open 
burning 

(Mt) 

LCA 
(MPE/tonne 
waste (wet)) 

Total 
expense 
(bBaht) 

Net cost 
(bBaht) 

5% increase 
of home 
composting 

66.80 18.57 3.05 0.21 0.15 3.73 5.14 1.26 5.48 1,233.28  28.47 8.59 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 1.20 5.54 1,237.63  28.47 8.57 
5% decrease 
of home 
composting  

66.80 18.57 3.05 0.21 0.15 3.46 4.76 1.14 5.60 1,241.95 28.47 8.55 

 
 
Table L.8 Sensitivity analysis of cost of secondary materials 
 

Variation of secondary 
material costs 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase waste 
collection (avoided open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  20.90 7.58 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  19.90 8.57 
5% decrease waste 
collection (increase open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  18.91 9.57 
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Table L.9 Sensitivity analysis of transportation cost  
 

Variation of 
transportation cost 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase waste 
collection (avoided open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.88 8.98 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% decrease waste 
collection (increase open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.07 8.17 

 
 
Table L.10 Sensitivity analysis of incineration cost  
 

Variation of 
transportation cost 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase waste 
collection (avoided open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.61 8.58 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% decrease waste 
collection (increase open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.33 8.56 
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Table L.11 Sensitivity analysis of landfilling cost of town and township municipalities   
 

Variation of 
transportation cost 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase waste 
collection (avoided open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.61 8.70 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% decrease waste 
collection (increase open 
burning fraction) 

66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.33 8.44 

 
 
Table L.12 Sensitivity analysis of changing assumption of open burning and open dumping ratio 
 

Variation of 
transportation cost 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase of the ratio  66.80 18.57 3.05 0.21 0.15 3.49 4.95 6.85 4,550.60  28.39 8.49 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 

5% decrease of the ratio  66.80 18.57 3.05 0.21 0.15 3.72 4.95 6.62 4,484.63  28.56 8.66 
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Table L.13 Sensitivity analysis of changing composition of MSW by variation of food waste and plastic waste 
 

Variation of 
transportation cost 

Population 
(Mcaps) 

Waste 
generation 

(Mt) 

Secondary 
materials 

(Mt) 

Biological 
treatment 

(Mt) 

Incineration 
(Mt) 

Open 
dumping 

(Mt) 

Engineered 
landfill 

(Mt) 

Open 
burning 

(Mt) 

LCA 
(MPE/tonne 
waste (wet)) 

Net 
expense 
(bBaht) 

FCA 
(bBaht) 

5% increase of food 
waste composition and 
5% decrease of plastic 
waste composition  

66.80 18.57 3.05 0.21 0.15 3.49 4.95 6.85 4,520.09  28.47 8.57 

Base case  66.80 18.57 3.05 0.21 0.15 3.60 4.95 6.74 4,519.89  28.47 8.57 
5% decrease of food 
waste composition and 
5% increase of plastic 
waste composition  

66.80 18.57 3.05 0.21 0.15 3.72 4.95 6.62 4,519.69  28.47 8.57 
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