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ABSTRACT 

The concept of eco-efficiency has become increasingly popular in the 
environmental debate of product systems, processes, and/or companies in recent years. 
Eco-efficiency is generally described as a ratio between environmental impact and 
value of production.  

This study presents an eco-efficiency indicator, called environmental 
improvement productivity (EIP), for assessing the environmental improvement from 
3R waste of the petroleum and petrochemical (PP) group in the Map Ta Phut Industrial 
Estate (MTPIE), Thailand. The EIP is defined as the ratio of total waste as a value of 
production to the total amount of CO2 reduction by the 3R activities. CO2 reduction is 
an environmental impact value or environmental improvement of 3R waste, which was 
evaluated by the CO2 emission calculated from the basis of 3R waste incineration. All 
waste and 3R waste generated from the PP group in fiscal year 2007, which was 
separated into 4 quarters, was collected and used to create the waste flow diagram of 
the PP group. Moreover, characterizations of the industrial waste in the industrial gas 
group, utility group, iron and steel industry group and chemical industry group were 
studied by creating waste flow diagrams. 

The results show that more than 60% of the total waste generated from the PP 
group in the MTPIE was classified as 3R waste. The analyzed results of EIP reflect the 
trends industrial waste generated from PP group. The EIP trend of reuse and 3R 
wastes decreased from quarter 1 to quarter 4 while an increase in the EIP trend of 
recycle and recovery wastes was observed. The research demonstrates the 
environmental benefits from the 3R waste, which will feed into strategic development 
and should encourage 3R activities for to industrial sector in Thailand. 

KEY WORDS:   ECO-EFFICIENCY/ ENVIRONMENTAL IMPROVEMENT        
PRODUCTIVITY/ 3R WASTE/ WASTE FLOW/ MAP TA PHUT    
INDUSTRIAL ESTATE 
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บทคัดยอ 
        แนวคิดเรื่องประสิทธิภาพเชิงนิเวศเศรษฐกิจไดกลายเปนเรื่องที่มีการกลาวถึงมากขึ้นในดานสิ่งแวดลอมใน
เรื่องระบบการผลิต ขั้นตอนและ/หรือบริษัทในชวงปไมนานมานี้ 
        การศึกษาในครั้งนี้นําเสนอตัวช้ีวัดประสิทธิภาพเชิงนิเวศเศรษฐกิจที่เรียกวา อัตราการเพิ่มขึ้นของผลผลิตและ
สิ่งแวดลอม (EIP) เพื่อประเมินอัตราการเพิ่มขึ้นของสิ่งแวดลอมของขยะใชซ้ํา ขยะแปรใชใหม และขยะนํากลับคืน
มาใหม (3R) ของกลุมปโตรเลียมและปโตรเคมีภายในนิคมอุตสาหกรรมมาบตาพุด ประเทศไทย  คําจํากัดความของ
อัตราการเพิ่มขึ้นของผลผลิตและสิ่งแวดลอมคืออัตราสวนระหวางปริมาณขยะทั้งหมดหรือมูลคาจากการผลิตกับ
ปริมาณคารบอนไดออกไซดที่ลดลงทั้งหมดจากขยะ 3R  คารบอนไดออกไซดที่ลดลงคือมูลคาผลกระทบตอ
สิ่งแวดลอมหรืออาจเรียกวาอัตราการเพิ่มขึ้นของสิ่งแวดลอมของขยะใชซ้ํา ขยะแปรใชใหม และขยะนํากลับคืนมา
ใหมนั่นเอง คาอัตราการเพิ่มขึ้นของสิ่งแวดลอม ถูกประเมินโดยคํานวณมาจากคาคารบอนไดออกไซดที่มาจากการ
เผาขยะใชซ้ํา ขยะแปรใชใหม และขยะนํากลับคืนมาใหม  โดยเปนปริมาณขยะที่มาจากกลุมปโตรเลียมและปโตร
เคมีในชวงปงบประมาณ 2007 ขยะทั้งหมดถูกแยกออกเปน 4 ไตรมาส เพื่อนําไปสรางแผนภาพการไหลของขยะ
ในกลุมปโตรเลียมและปโตรเคมีนอกจากนี้ขยะในกลุมแก็ส กลุมสาธารณูปโภค กลุมอุตสาหกรรมเหล็ก และกลุม
อุตสาหกรรมเคมี มีการศึกษาโดยใชแผนภาพการไหลของขยะดวยเชนกัน 
        ผลการศึกษาแสดงใหเห็นวาขยะ 3R ที่เกิดจากกลุมปโตรเลียมและปโตรเคมีในนิคมอุตสาหกรรมมาบตาพุดมี
มากกวา 60 %  จากการวิเคราะหอัตราการเพิ่มขึ้นของผลผลิตและสิ่งแวดลอมแสดงใหเห็นวาแนวโนมอัตราการ
เพิ่มขึ้นของผลผลิตและสิ่งแวดลอมของขยะใชซ้ําและขยะ 3R  ลดลงจากไตรมาส 1  ถึง ไตรมาส 4  ในขณะที่
แนวโนมอัตราการเพิ่มขึ้นของผลผลิตและสิ่งแวดลอมของขยะแปรใชใหมและขยะนํากลับคืนมาใหมมีการเพิ่มขึ้น 
งานวิจัยช้ินนี้ยังแสดงใหเห็นถึงประโยชนดานสิ่งแวดลอมของขยะ 3R   ซึ่งสามารถนําไปใชในการวางยุทธศาสตร
การพัฒนาและสามารถกระตุนการดําเนินการเกี่ยวกับขยะ 3R ของภาคอุตสาหกรรมในประเทศไทย 
 
86  หนา. 
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CHAPTER I 

INTRODUCTION 
 

 

1.1  Background and significance 

 

         Industries have been contributing factors for both enhancing economic activities 

as well as sources of environmental pollutions. Industry is indispensable motor for 

economic growth of modern society and inevitable to developing countries. Most of 

human need are fulfilled through goods and services produced by industry [1].  

 

        Map Ta Phut Industrial Estate (MTPIE) is located in Rayong province, eastern of 

Thailand. It was developed in 1989 by the state enterprise, Industrial Estate Authority 

of Thailand (IEAT), Ministry of Industry. MTPIE is considered to be industrial area 

No. 3 as factories located within this area are entitled to receive the most benefits, 

encouraging investments from both Thai and foreign investors. Presently, there are 53 

factories located within the MTPIE. There can be divided into 5 industrial groups 

consisting of which are petroleum and petrochemical (PP) group, industrial gas group, 

utility group, iron and steel industry group and chemical industry group. Petroleum 

and petrochemical group was found as the main important group in MTPIE. There are 

31 factories or 58.49 percent of the total factories located in this group [2]. 

 

        Abundance of waste was generated from MTPIE every year. Amount of waste in 

fiscal year 2007 from MTPIE office was 3,021,542.28 ton which was managed by 4 

methods. Firstly, general waste is taken to Map Ta Phut Municipality according to the 

Municipality Parliament. Secondly, non-hazardous industrial waste can be embed 

under the sanitary landfill at the excavation that is permitted for transaction by 

Department of Industrial Works. Thirdly, hazardous waste can be embedded under the 

secured landfill at the excavation that is permitted for transaction by Department of 

Industrial Works. Finally, recycle waste will be considered by Industrial Estate 
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Authority of Thailand for appropriate method of recycle, which is in compliance with 

the regulation before the permission [3]. 

 

Eco-efficiency concept has emerged as a valuable tool towards the target of 

sustainable development. The general definition of eco-efficiency is referred to the 

relation of 2 elements, which are environmental impact and value of production. 

 

        The concept of eco-efficiency was developed by the World Business Council for 

Sustainable Development (WBCSD) in 1992 and has become widely recognized by 

the business world. It brings together the essential ingredients – economic and 

environmental progress – which are necessary for economic prosperity to increase 

with more efficient use of resources and lower emissions [4]. 

 

         The WBCSD has developed a set of eco-efficiency indicators to help measure 

progress towards economic and environmental sustainability in companies. Eco-

efficiency indicators primarily serve as a decision-making tool for internal 

management to evaluate performance, set targets and initiate improvement measures 

[5].  

 

        Eco-efficiency can be used as an evaluation tool, which can apply both in micro 

and macro scales. The eco-efficiency evaluation of iron industry in Nepal [6] and the 

eco-efficiency evaluation of the PP group in the MTPIE [7] were shown as an extra 

sparkling application of eco-efficiency evaluation in micro and macro scales, 

respectively. Those studies are useful moreover in applying tool of eco-efficiency that 

integrates ecological and economic excellence of industrial sector. 

 

        4 basic types of eco-efficiency are environmental intensity and environmental 

productivity in the realm of value creation; and environmental improvement cost and 

environmental cost-effectiveness in the realm of environmental improvement 

measures [8] or 4 terminologies were not appropriate for evaluation of the 3R waste 

eco-efficiency. Technology for waste recycled and value of waste disposal were 

without data, while amount of waste and CO2 reduction can be collected. Therefore, 
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the environmental improvement productivity (EIP) indicator, which was developed 

and expressed by the ratio of production value per unit of environmental improvement, 

was appropriate for evaluation of the 3R waste eco-efficiency. 

 

        In this study, the eco-efficiency indicator, called EIP, was used for assessing the 

environmental improvement from 3R waste of the PP group in the MTPIE, Thailand. 

Waste flow diagram, which reflected the waste characterization and verification of 

source and final sink of waste in MTPIE [9] were created. The total amount of waste 

generated from the PP group in the MTPIE was collected in the fiscal year 2007 and 

classified into 2 categories, which are disposal and 3R wastes. Finally, quantification 

of environmental benefits from 3R waste was evaluated by using EIP indicator. 

 

1.2 Research objectives   

 

        The objective of the study is to develop the new eco-efficiency indicator, EIP, in 

order to evaluate and analyze eco-efficiency of 3R waste, which was generated in PP 

group, MTPIE. In addition, the characterization of industrial waste in the MTPIE was 

studied by using waste flow diagram.  

 

1.3 Hypothesis  

 

        EIP indicator can evaluate the eco-efficiency of 3R waste in PP group in the 

MTPIE, and can reflect the positive of environmental improvement from 3R waste. 
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1.4 Conceptual framework 

 

 

Eco- efficiency evaluation of 
3R waste by using of 
environmental improvement 
productivity indicator. 

Eco- efficiency analysis 
of Petroleum and 
petrochemical group. 

Characterization of industrial in the 
MTPIE and waste flow diagrams of  

1.  Petroleum and petrochemical group. 

2.  Industrial gas group 

3.  Utility group 

4.  Iron and steel  industry group 

5.  Chemical industry group 

Factors of products and services 

1.  The wastes matter of reuse 

2.  The wastes matter of recycle 
and recovery 

3.  The wastes matter of 3R 

 

Figure 1.1 The conceptual framework 

 

1.5 Scope of research  

 

        The study was trying to develop the eco-efficiency indicator for evaluating the 

environmental improvement from 3R waste of the PP group in the MTPIE, Thailand. 

It was started with data gathering, which was mainly done by field site investigation. 

Then, the industrial waste in MTPIE was characterized by creating the waste flow 

diagrams. The total amount of industrial waste generated from PP group was classified 
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into disposal and 3R wastes groups. The environmental improvement of 3R waste was 

estimated in term of CO2 reduction, which was calculated base on the carbon content  

of each incinerated waste compositions in 3R waste. Finally, the eco-efficiency of 3R 

waste generated from PP group was evaluated by using EIP indicator, which was 

expressed by the ratio of total waste production in ton per environmental improvement 

from 3R waste in tern of CO2 reduction. 

 

1.6 Term and definition   

 

        This research has specific terms and definitions for clearly study in this topic. 

 

        Waste mean solid waste, waste water, and oil for created waste flow diagram and 

evaluated the eco-efficiency of waste indicator. 
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CHAPTER II 

LITERATURE REVIEW 
 

 

        The literature review is theory and basic information which related with the eco-

efficiency. The information can find form the documents and the paper research which 

have the topics as follow; 

 2.1  Industrial waste and global impact 

2.2  Material flow analysis 

 2.3  Terminologies of eco-efficiency 

 2.4  Background information of Map Ta Phut 

 2.5  Petroleum and petrochemical industry 

 2.6  Practices of eco-efficiency in industries 

 

2.1  Industrial waste and global impact 

 

 Industrial wastes result from operations of industry, manufacturing, mining, or 

agriculture-for example, wastes from power generation plants, manufacturing 

facilities, and laboratories serving an industry. 

 

        Industrial waste generation and composition vary depending on the type of 

industry and processes/technologies in the concerned country. Countries apply various 

categorisations for industrial waste. For example, construction and demolition waste 

can be included in industrial waste, in municipal solid waste, or defined as a separate 

category. The default categorization used here assumes construction and demolition 

waste are part of the industrial waste. In most developing countries, industrial wastes 

are included in the municipal solid waste stream. Therefore, it is difficult to obtain 

data of the industrial waste separately [10].  
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        Industrial waste is divided into hazardous and non-hazardous waste, which can be 

managed by reuse, recycle, recovery, and disposal, such as landfills, deep underground 

injection wells, and use as fuel substitution or burn for energy recovery. A variety of 

treatment, recycling and other management options also exist for many types of 

industrial waste.  

 

        Waste management methods by reuse, recycle and recovery waste can be reduced 

volume of waste, which can be reduced the environmental impact. Environmental 

effects, such as global warming, cause from many pollutants especially carbon dioxide 

is a major contributor were sent into the air when wastes were burned  

 

        Before the effects of global warming begin to appear and it is too late to do 

anything about them, it is important to immediately promote policies that are 

executable about waste as reduce and recycle wastes, and to effectively utilize excess 

heat from garbage incineration and sewage. Model projects for sewage channel heat 

utilization must be promoted, including power generation projects involving solid 

garbage fuel [11]. Recycle all of home’s waste, such as newsprint, cardboard, glass, 

and metal can be CO2 saving 850 lbs/year [12]. 

 

2.2  Material flow analysis 

 

        Material flow analysis (MFA) is a systematic assessment of the flows and stocks 

of materials within a system defined in space and time. It connects the sources, the 

pathways, and the intermediate and final sinks of a material. Because of the law of the 

conservation of matter, the results of an MFA can be controlled by a simple material 

balance comparing all inputs, stocks, and outputs of a process. It is distinct 

characteristic of MFA that makes the method attractive as a decision-support tool in 

resource management, waste management, and environmental management [9]. 

 

        An MFA delivers a complete and consistent set of information about all flows 

and stocks of a particular material within a system. Through balancing input and 

outputs, the flows of wastes and environmental loadings become visible, and their 
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sources can be identified. The depletion or accumulation of material stocks is 

identified early enough either to take countermeasures or to promote further buildup 

and future utilization. Moreover, minor changes that are too small to be measured in 

short time scales but that could slowly lead to long-term damage also become evident. 

 

INPUT 
Socio-economic  system 

Abiotic  resources 

Water 

Air 

Biotic  resources 

Solid  waste 

Waste  water 

Air  emissions 

OUTPUT 

 
 

Figure 2.1 The basic model of material flow accounting and analysis (MFA) [13] 

 

        The principle concept underlying the economy-wide MFA approach is a simple 

model of the interrelation between the economy and the environment, in which the 

economy is an embedded subsystem of the environment and dependent on a constant 

throughput of materials and energy. Raw materials, water and air are extracted from 

the natural system as inputs, transformed into products and finally re-transferred to the 

natural system as outputs. According to the law of the conservation of mass, total 

inputs must by definition equal total outputs plus net accumulation of materials in the 

system. This material balance principle holds true for the economy as a whole as well 

as for any sub-system (an economic sector, a company, a household). For a consistent 

compilation of an economy-wide material flow account, it is necessary to define 

exactly, where the boundary between the economic and the environmental system is 

set, as only resources crossing this border will be accounted for [13]. 

 

        MFA is an excellent tool to support decisions regarding environmental 

management, resource conservation, waste management, and regional material 

management [9]. This study interested in MTPIE waste which can be use the MFA to 
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analyze wastes and to support decisions regarding waste management as “ASTRA 

project” which selected scenarios for the treatment of combustible wastes are 

compared in view of reaching the waste management goal of environmental 

protection, resource conservation and aftercare-free landfills [9]. 

 

        This research is interested in output factor that waste from PP group which the 

amount, type and the characteristics of each industrial activity are verified. 

 

2.3 Concept of eco-efficiency 

 

        The concept of eco-efficiency was developed by the WBCSD in 1992 and has 

become widely recognized by the business world. It brings together economic and 

environmental progress. WBCSD defined eco-efficiency as “Eco-efficiency is 

achieved by the delivery of competitively-priced goods and services that satisfy 

human needs and bring quality of life, while progressively reducing ecological impacts 

and resource intensity throughout the life-cycle to a level at least in line with the earth 

s estimated carrying capacity” [7]. Eco-efficiency is a tool for developed the industry 

and environmental excellence. It supports by reducing pollution, emissions, and 

eliminating hazardous materials from production processes.  

 

        2.3.1  Implementing eco-efficiency   

 

        Eco-efficiency concept has emerged as a valuable tool towards the target of 

sustainable development. This concept can help government and company to create 

balanced between economic progress and ecological resource preventions.  

 

        The WBCSD has identified seven elements that businesses can use to improve 

their eco-efficiency [5]. 

1. Reducing material intensity 

2. Minimizing energy intensity 

3. Reducing dispersion of toxic substances  

4. Undertake recycling 



Umaporn  Khwankue             Literature Review / 10 

5. Capitalizing on use of renewables 

6. Extending product durability 

7. Increasing service intensity  

 

        These seven elements may be thought of as being concerned with three broad 

objectives:  [5]. 

        1) Reducing the consumption of resources: This includes minimizing the use of 

energy, materials, water and land, enhancing recyclability and product durability, and 

closing material loops. 

        2) Reducing the impact on nature: This includes minimizing air emissions, water 

discharges, waste disposal and the dispersion of toxic substances, as well as fostering 

the sustainable use of renewable resources.  

        3) Increasing product or service value: This means providing more benefits to 

customers through product functionality, flexibility and modularity, providing 

additional services (such as maintenance, upgrading and exchange services) and 

focusing on selling the functional needs that customers actually want. Selling a service 

instead of the product itself raises the possibility of the customer receiving the same 

functional need with fewer materials and less resources. It also improves the prospects 

of closing material loops because responsibility and ownership, and therefore concern 

for efficient use, remain with the service provider. 

 

        2.3.2  Measuring eco-efficiency  and developing indicators   

 

        Eco-efficiency brings together the two eco-dimensions of economy and ecology 

to relate product or service value to environmental influence. Eco-efficiency is a 

significant subset of sustainable development because it offers an opportunity to 

develop business in order to support business goals. Moreover, eco-efficiency 

measures provide a practical tool for designing and implementing resource use 

programs for industry in micro and macro level. 
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        The general definition of eco-efficiency is referred to the relation of 2 elements, 

which are environmental impact and value of production. The most commonly use 

formula for operational eco-efficiency is: 

 

 Eco- efficiency   =     Product or service value                     (1) 
     Environmental influence          

 

        The purpose of developing indicators and encouraging companies to collect and 

publish the information is to improve eco-efficiency. Yet, companies should beware to 

choose the indicator for evaluating the eco–efficiency. Specific calculations will 

depend upon the needs for decision-making [5, 14]. 

 

                  1)  Generally applicable indicators can be used by virtually all 

businesses. As well as being more or less universal relevant, each of these indicators 

relates to a global environmental concern or business value and methods for 

measurement are established and definitions accepted globally. 

 

2)  Business specific indicators meaning that they are more likely to be 

individually defined from one business or one sector to another. These indicators are 

not necessarily less important than the first group. That judgment will depend on the 

nature of an individual business. They are merely less widely applicable. A company’s 

eco-efficiency performance profile will include both types of indicators. 

 

        Two indicators were based on the eco-efficiency formula which brings together 

the two eco-dimensions of economy and ecology to relate product or service value to 

environmental influence.  

 

• The generally applicable indicators for product or service value are:  

-  quantity of goods: or services produced or provided to customers. 

  -  net sales: total recorded sales less sales discounts and sales returns and 

allowances. 

• The generally applicable environmental influence indicators are: 
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Those relating to the environmental influence in product or service creation 

are: 

-  Energy Consumption : Total sum of energy consumed including 

electricity and district heat, fossil fuels, other fuel based energy and non-fuel 

based energy. 

-  Material Consumption: Sum of weight of all materials purchased or 

obtained from other sources including raw materials for conversion, other 

process materials, and pre- or semi-manufactured goods and parts excluding 

packaging, water consumption and materials used for energy purposes. 

-  Water Consumption: Sum of all fresh water purchased from public 

supply, or obtained from surface or ground water sources. 

-  Greenhouse Gas (GHG) Emissions: Amount of GHG emissions to air 

from fuel combustion, process reactions and treatment processes, including 

CO2, CH4, N20, HFCs, PFCs and SF6.  

  -  Ozone Depleting Substance (ODS) emissions: Amount of the ODS 

emissions to air from processes and losses/replacement from containments. 

        All indicators in this group are considered to be business/or product specific.  

 

2.3.3  Terminologies of eco-efficiency 

 

        Eco-efficiency has been defined as a general goal of creating value while 

decreasing environmental impact. Leaving out the normative part of this concept, the 

empirical part refers to a ratio between environmental impact and economic cost or 

value. Two basic choices must be made in defining practical eco-efficiency: which 

variable is in the denominator and which is in the numerator; and whether to specify 

environmental impact or improvement and value created or cost. Distinguishing 

between two situations, the general one of value creation and the specific one of 

environmental improvement efforts, and leaving the numerator-denominator choice to 

the user, as diverging practices have developed, four basic types of eco-efficiency 

result: environmental intensity and environmental productivity in the realm of value 

creation; and environmental improvement cost and environmental cost-effectiveness in 
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the realm of environmental improvement measures. Four basic variants of eco-

efficiency result [8]: 

 

            
impact talenvironmen ofUnit 

Value Production
tyProductivi alEnvironmet =      (2)             

 

                
 valueproduction ofUnit 

impact talEnvironmen
Intensity talEnvironmen =                  (3) 

 

   
timprovemen talenvironmen ofUnit 

Cost
Costt Improvemen talEnvironmen =     (4) 

 

cost ofUnit 
tImprovemen talEnvironmen

essEffectiven-Cost  talEnvironmen =      (5) 

 

        In actual applications, there often is not a full system being analyzed but a 

difference analysis between options is performed, with positive and negative results 

depending on which situation is taken as a reference. 

           

2.4  Background information of Map Ta Phut 

 

        2.4.1 Map Ta Phut Municipality 

 

        1)  Location  

        Map Ta Phut Municipality (MPM) is located in Muang District, Rayong 

Province. There are 5 Tambon in the municipality: Map Ta Phut Municipality, 

Tambon Huaypong, and some areas of Tambon Tabma, Tambon Mabkha, and 

Tambon Nurnpra. Samed Island and other 25 minor communities are also included. 

Map Ta Phut Municipality covers a total area of 148.96 square kilometer, of which 

85.90 percent is land area. To the north, the municipality borders Tambon Mabkha, 

Bankai District, Rayong province. To the east it borders Tambon Nurnpra, Tabma, 

Muang District, Rayong province. To the west, it shares border with Ban Sang 

District, Rayong Province, and to the south it borders the Gulf of Thailand [15]. 
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        2)  Geography 

        MPM is situated on a plain with rough height, and a long pave along the rank 

from the west to the east. 

 

        3)  Climate 

        The climate is tropical monsoon. The area locates in the middle of the MPM zone 

is sultry and very hot. The coastline area is cool as a result of sea breeze. 

 

        4)  Population 

        Ninety-seven percents of the total population in MPM are Budhist, while the rest 

are Islam. Total population of MPM was 43,532 persons in December 2007 [16].  
 

2.4.2 Map Ta Phut Industrial Estate 

 

 
Figure 2.2 Location of Map Ta Phut Industrial Estate [17] 

 

        MTPIE was developed in 1989 by the state enterprise. It has boundary in tambon 

Map Ta Phut and partial of neighbor tambon. MTPIE has an important duty to manage 

the public utility and the general utility factories whereas it is well equipped with the 

public utility system and located closed to transporting routes, which are the important 

factors for investment. Moreover, MTPIE can closely and regularly supervise and 
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control the operating procedures of factories particularly the environmental and safety 

aspects. Figure 2.2 presents the location of MTPIE. 

 

        MTPIE is considered to be industrial area No. 3 as factories located within this 

area are entitled to receive the most benefits, encouraging investments from both Thai 

and foreign investors. 

 

2.4.3 Waste management in MTPIE 

 

        Map Ta Phut Industrial Estate Office has the organization for environment 

management to inspect factories from the area use, business transaction and pollution 

controls, such as waste water treatment, air pollution control, waste disposal and mal 

order situation, to be under law and acceptation. MTPIE , s waste management can be 

divided as follows: [3] 

-  All factories must apply for permission to take the wastes outside the area. 

- General waste is taken to Map Ta Phut Municipality according to the 

Municipality Parliament. 

- Non-hazardous industrial waste can be embedded under the sanitary landfill, 

at the excavation that is permitted for transaction by Department of Industrial Works. 

- Hazardous waste can be embedded under the secured landfill, at the 

excavation that is permitted for transaction by Department of Industrial Works. 

- Recycle waste that can be reused will be considered by Industrial Estate 

Authority of Thailand for appropriate method of recycle, which is in compliance with 

the regulation before the permission. 

 

2.4.4 Goal and Scope of Eco-Industrial Estate development   

 

        Industrial development creates the economic progress but environmental impact 

increasing and natural resource depletion which important problem in Thailand. Eco- 

Industrial Estate concept was used to solve this problem. Eco-Industrial Estate 

referring the opportunity to cooperatively enhance both environmental and economical 

performance through increased efficiency, material minimization, waste minimization, 
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technology development, market and financing planning. Goal and scope of Eco-

Industrial Estate development summarize are [3]:  

• Reducing to use resource, reducing the environmental impact by reducing the 

pollution from the factories. Reuse, recycle and recovery are used for 

improving the environmental quality. 

• Minimizing negative impacts on communities and enhances their quality of 

life 

• Minimizing material costs, the energy, and the treatment and disposal waste 

values 

        The industrial estate development in Thailand is excellent performance in the 

industry, environment, and community as 

 

1)  Benefits to industry  

-  Minimizing production costs 

-  Increasing efficiency of resource, energy and waste recycling management 

-  Preventing penalized for non-compliance 

-  Improving the potential for business success by minimizing the cost of raw 

materials, energy utilization and waste treatment and disposal 

-  Promoting competitiveness in the global market since the production and 

operation processes are based on environment-friendly principles. 

 

2)  Benefits to the environment  

-  Reducing sources of pollution and waste products 

-  Rationalizing natural resource utilization 

-  Supporting the principle of sustainable development 

-  Providing exemplary models of environment-friendly business 

 

3)  Benefits to local communities 

-  Minimizing negative impacts on communities and enhances their quality of 

life 

-  Strengthening communities economically 

-  Creating jobs and new professions 
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-  Minimizing wastewater and solid waste discharges 

-  Reducing construction costs of wastewater treatment system and solid waste 

disposal system 

 

2.5 Petroleum and petrochemical group 

 

        Petroleum is a liquid that is found underground. We call it oil. Petroleum has a lot 

of energy which can turn it into different fuel-like gasoline, kerosene, and heating oil. 

People have burned oil for a long time. A factories use oil to make plastics and paints, 

medicines and soaps. Oil was burned to make electricity. Moreover, we can use 

petroleum as raw material for other products. 

 

        Petrochemicals are chemical products made from raw materials of petroleum or 

natural gas. The definition of petrochemicals has been broadened to include the whole 

range of aliphatic, aromatic, and naphthenic organic chemicals, as well as carbon 

black and such inorganic materials as sulfur and ammonia. The petrochemical industry 

structure comprises of upstream petrochemical industry, intermediate petrochemical 

industry, and downstream petrochemical industry [18]. 

 

        Petroleum industry is a part of upstream petrochemical industry. These have gas 

separate plant and refinery plant which can produce many products and by-products 

and send these to continuous industry include intermediate and downstream 

petrochemical industry. The main function products of petroleum industry are divide 

into 3 categories are:  

- Fuel for vehicle such as natural gas liquid (NGL), gasoline, and diesel. 

- Fuel for heating such as natural gas, liquefied petroleum gas (LPG), and fuel 

oil. 

- Feedstocks for petrochemical industry. 

 

        In MTPIE, factories in PP group were classified into 3 categories and separately 

located in the material flow diagram. The material flow diagram for PP group are 

shown in Figure 2.3 
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Figure 2.3 Material flow diagram of industrials in PP group [7] 

 

2.6   Practices of eco-efficiency in industries 

 

        This topic will be collected some public researches which are related in this study 

 

        GTZ [15]   presented the economic and environmental status of the MTPIE. This 

project study material flow analysis in MTPIE. The results present the raw material, 

product, by product, and waste flow diagram of MTPIE. 

 

        Cote et al. [19] studied eco-efficiency and SMEs in Nova Scotia, Canada. This 

paper describes a study undertaken by the Eco-Efficiency Centre of the levels of eco-

efficiency demonstrated by small and medium enterprises in Nova Scotia which 

investigates the level of eco-efficiency exhibited by 25 small and medium-sized 

businesses (SMEs) in the Canadian province of Nova Scotia. The data were derived 

from environmental reviews conducted by the Eco-Efficiency Centre (EEC) for each 

of these businesses. Moreover, discussing the challenges was associated with finding 

appropriate tools for implementing and assessing environmental management and eco-
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efficiency in small businesses. The study has found that low levels of eco-efficiency, 

as defined by the EEC, were demonstrated by all businesses. This finding suggested 

that there were much room for improvement and further that economic and 

environmental benefits could be derived by working toward eco-efficiency. Costs 

could be reduced by minimizing tipping fees, sewer use fees, and hazardous waste 

management fees by doing more with less. 

 

        Breedveld et al. [20] presented eco-efficiency of fabric filters in the Italian 

ceramic tile industry. This paper presented a simplified LCA to assess the overall 

environmental effects of fabric filters in Italian ceramic tiles production. The purpose 

of this study was to assess the environmental effects and the associated costs and eco-

efficiency of fabric filters. They have two system boundaries; system A represents the 

production process without fabric filters while the alternative system B represents the 

production process with fabric filters. They calculate the eco-efficiency of such filters, 

the additional cost per unit reduction of emissions. System B, the costs of fabric filters 

(843 k€/year) will be fully attributed to dust emission reductions (3,620 tons/year). 

Relatively smaller impacts of the emission reductions of sulphur dioxide and fluoride 

are assumed to be free of any costs. The eco-efficiency of fabric filters is then 0.23 € 

per kg dust (843 k€/year divided by 3,620 tons/year = 0.23 € per kg dust). Results 

show that fabric filters can be seen as an eco-efficient technique (i.e. significant 

emission reductions can be obtained against reasonable costs). The applied 

methodologies (LCA, cost calculation, eco-efficiency) provide useful information on 

the environmental and economic performance of measures and can therefore generate 

relevant input for the IPPC working groups. 

 

        Kharel et al. [6] presented the eco-efficiency of energy intensity, material 

consumption, water use, waste generation, and CO2 emission in terms of production 

value in net sales (US$) per environmental influence using empirical evaluation. This 

study has scoped and confined the boundaries of production processes in iron rod 

industry in order to distinguish eco-efficiency measurements and to improve situation. 

The ultimate aim of eco-efficiency is to scrutinize activities with evaluation to 

improve the performance of industry. Eco-efficiency of iron rod industry was 
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quantitatively analyzed and determined that energy, material consumption, water use, 

waste generation, and CO2 emission eco-efficiency have been increased gradually 

along with increased production during analysis period of five years (2001-2005). It 

was possible due to installing heat recovery unit along with innovative processes 

modification. While comparing each year’s eco-efficiency of all above-mentioned 

parameters, eco-efficiencies were increased that indicates less resource use and less 

waste released. As a general statement of overall comparison and characterization of 

eco-efficiencies of five years duration, iron rod industry was eco-efficient in all 

aspects. 

 

        Charmondusit et al. [7] studied eco-efficiency evaluation of the PP group in the 

Map Ta Phut Industrial Estate, Thailand. This paper presents the eco-efficiency 

evaluation of 31 factories in the PP group which can be divided into 3 categories, 

upstream, intermediate, and downstream. The comparison of eco-efficiency values 

between 3 industrial categories in the PP group demonstrates that factories in the 

upstream group observe particularly eco-efficient in energy indicator. Factories in the 

downstream group obtain particularly good eco-efficiency results concerning material 

consumption, water use, and hazardous waste generation, but are not quite eco-

efficient concerning energy intensity. The eco-efficiency trends of the petroleum and 

petrochemical group were simply analyzed by snapshot graph. Due to the good data 

availability on environmental indicator, the water use indicator was selected to be as 

an example indicator for analyzing the eco-efficiency trends of the petroleum and 

petrochemical group. The eco-efficiency snapshot concerning the gross margin and 

water use during the period of 2003 to 2005 showed that the eco-efficiency trends of 

the petroleum and petrochemical group in the MTPIE shifted from half eco-efficient in 

the year 2004 to fully eco-efficient in the year 2005. 

 

        Maxime et al. [21] presented the development of eco-efficiency indicators for the 

Canadian food and beverage industry. This paper presented the rationale and the 

framework of the project currently under development addressing the following 

environmental issues: energy use, emission of greenhouse gases, water use and 

wastewater generation, organic residues, and packaging residues. They will be 
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developed based on collected data and estimated impact levels, and reported by FBI 

sub-sector, geographical location, and establishment size. They have chosen is based 

on a physical gate-to-gate analysis in which input and output flows are considered 

(using assessments) across the boundaries of the system defined by the industrial 

establishment. They have problem about on getting quality and reliable data on 

selected indicators. This paper summarizes the initial steps in this effort, which 

involved identification of environmental issues that could be addressed through a set 

of simple yet robust eco-efficiency indicators. An initial formal expression of the 

indicators is presented. 

 

        Aoe [22] studied the Eco-efficiency and ecodesign in electrical and electronic 

products. This paper begins with a brief explanation of the proposed eco-efficiency 

(Factor X ) indicators and the case studies; eco-efficiency in television. This indicator 

has been actually utilized in a number of companies since 2001. Next, eco-efficiency 

and ecodesign will be discussed. This paper will analyze the relationship between 

functions and environmental impacts using the results of quantitative evaluations 

based on actual experiences of the application and verify the above argument 

quantitatively. From these analyses results, the author documented that most of the 

product’s functional performance was improved while their environmental impacts 

were reduced as expected when one applies ecodesign approaches and concepts in 

corporate product design work.  

 

        Park and Ok [23] presented the discussed how to stimulate the development of 

the eco-efficiency assessments in the Korean electronics industry. The practices 

related to the eco-efficiency assessment was studied and used to eco-efficiency 

assessment which was tested through discussions with the Korean electronics industry. 

The five companies were selected for evaluating the eco-efficiency in Korean 

electronics industry. The semi-structured interviews with corporate managers revealed 

that an eco-efficiency has an appeal for the companies as a philosophical concept 

denoted as “doing more with less”, while a lot of effort need to be made to get 

companies to actually initiate eco-efficiency assessments. They revealed that there are 

many difficulties in measuring and communicating the eco-efficiency of products and 
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companies in practice. The eco efficiency assessment is in the very early stages of 

development in Korea. There is an urgent need to increase the simplicity in the eco-

efficiency assessment framework and to clarify its implications to the business 

operation. Moreover, Role of the government related to capacity building is very 

important. 

 



Fac. of Grad. Studies, Mahidol Univ.                      M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 23 
 

CHAPTER III 

METHODOLOGY 
 

 

        This chapter strived to describe the design of the survey forms and the 

methodology procedures. The methods in this study were (1) Quantitative Research 

Method (2) System Boundary (3) Data Collection   (4) Waste Flow Diagram (5) Eco-

efficiency Evaluation of 3R waste by using Environmental Improvement Productivity 

Indicator 

 

3.1 Quantitative Research Method 

 

        Quantitative research followed with emphasis on objectives of this study. It used 

standard procedures that were explicitly focused on required variable. This research 

transformed nebulous theoretical concept in to related variables. Factories in the PP 

group, industrial gas group, utility group, iron and steel industry group and chemical 

industry group located in MTPIE, Rayong province, Thailand were focused to acquire 

the secondary data in fiscal year 2007. The secondary data was compiled from the 

monitoring report and data available at the Map Ta Phut Industrial Estate Office. 

 

3.2 System Boundary 

 

        MTPIE located in industrial area No. 3, Rayong province, Thailand were selected 

as a sector for study. This research was evaluated the eco-efficiency of waste from PP 

group by using EIP indicator. It was startied with data gathering, which was mainly 

done by field site investigation in fiscal year 2007. Total industrial waste in unit of ton 

was used as production value. CO2 reduction in unit of ton of carbon dioxide (t CO2) 

was used as environmental improvement. Moreover, the industrial waste in MTPIE 

was characterized by creating the waste flow diagrams. 
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3.3 Data Collection 

  

        Data collection was mainly done by field site investigation. Secondary data in 

fiscal year 2007 was received from the existing monitoring report at department of 

Industrial work, Ministry of Industry and data availability at MTPIE office. 

 

3.4 Waste Flow Diagram 

 

        In this study, the total amount of waste generated from the PP industry group, 

industrial gas group, utility group, iron and steel industry group and chemical industry 

group in the MTPIE was collected in fiscal year 2007 and created the waste flow 

diagrams. 

 

  Total industrial waste was divided by characteristics of waste elimination which 

compose of 2 categories. Firstly, 3R waste, which is including of reuse waste. It was 

used of thing repeatedly and recycle and recovery wastes that waste were the 

conversion of waste to resources, including material recycling and recycling by energy 

recovery. Secondly, disposal waste which waste is brought to elimination. The two 

categories of industrial waste were classified by reference from treatment and disposal 

code in the monitoring report. The important details in the monitoring report comprise 

of waste code, hazardous property, name, amount, and treatment or disposal method 

which were necessary for creating waste flow diagram and evaluating waste eco-

efficiency indicator. Example of treatment and disposal codes are shown in Appendix   

A [24]. The percentages of hazardous and non- hazardous waste were indicated. 

 

3.5 Eco-efficiency Evaluation of 3R waste by using Environmental Improvement 

Productivity Indicator 

 

        The total amount of industrial waste in fiscal year 2007 from PP group were 

divided into 4 quarters as follow; 
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        1)  Quarter 1: October 2006 – December 2006 

        2)  Quarter 2: January 2007 - March 2007 

        3)  Quarter 3: April 2007 – June 2007 

        4)  Quarter 4: July 2007 – September 2007 

 

        In generally, eco-efficiency is referred to the relation of 2 elements, which are 

value of production and environmental influence. In this study, the value of production 

can be expressed by the total amount of industrial waste generated from PP group. The 

environmental influence was expressed by the environmental improvement from 3R 

waste, which was estimated in the term of CO2 reduction from 3R waste. 

 

        In order to quantify the environmental improvement from 3R waste and estimate 

the amount of CO2 reduction, the industrial waste generated in PP group was assumed 

to manage by incineration method and total amount of industrial wastes from quarter 1 

to quarter 4 were classified into 7 groups [10], which were paper, wood, rubber, 

plastics, textile, metal, and other. 

 

        The calculation of CO2 reduction from 3R waste was base on the carbon content 

of the incinerated wastes and the CO2 emission from the metal process following the 

IPCC guidelines [10]. Carbon content in percentage of industrial waste is shown in 

Table 3.1.  

Table 3.1 Carbon content in percentage of industrial waste 

Waste components 
Dry matter content in % of 

wet weight 

Total carbon content in % of 

dry weight 

Paper 90 46 

Textile 80 50 

Wood 85 50 

Rubber 84 67 

Plastic 100 75 

Metal 100 NA  

Other 90 3 

NA : Non-available 



Umaporn  Khwankue  Methodology / 26 
                                                                                
 
        In case of metal, the CO2 reduction was calculated from production process, 

which the value from iron and steel production process was 1.6 t CO2/ ton of iron and 

steel production [25]. 

 

        3.5.1  Calculation of CO2 reduction 

 

        The simple method for calculation of CO2 emission was applied to estimate the 

CO2 reduction of the industrial waste. The 7 groups of industrial waste, which are 

paper, wood, rubber, plastics, textile, metal, and other were assumed to manage by 

incineration, which can be produced CO2 emission that was reflected to the 

composition of the industrial waste. Because of CO2 is not normally directly 

monitored in exhaust gases. It can be calculated from the total carbon content of the 

waste. The CO2 reduction in ton can be estimated by the carbon content multiplied 

with molecular weight ratio CO2/C [10]. 

 

           1244
2

C ∗=
i

C
i

O          (1) 

Where: 

C         =   Carbon content of waste  

  i           =   Waste type: paper, wood, rubber, plastic, textile and other 

44/12   =   Conversion from C to CO2 

 

Therefore, CO2 reduction can be calculated by: 

 

            ( ) 10000/1244
2

∗∗∗= diCiMiW
i

CO    

   (2) 

 

        Where : 

  W =   Waste wet weight (ton) 

  M =   Dry matter content in % of wet weight 

  Cd =   Carbon content in % of dry weight 
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         In case of metal, The CO2 emission from iron and steel production can be used 

directly [25]. Hence, the method for calculating CO2 can be expressed follow: 

             (3) 6.1
2

∗=
metal

WCO

Example for calculating CO2 was presented in Appendix B. 

        

        3.5.2  Eco-efficiency Evaluation 

 

        In order to quantify the environmental benefits from 3R waste, the eco-efficiency 

was developed and expressed by the ratio of production value per unit of 

environmental improvement, which is called EIP indicator.  

 

 
tImprovementalEnvironmen

ValueProduction
EIP =                              (4) 

 

        In this study, the production value can be expressed by the total amount of waste 

generated from the PP group in ton. The environmental improvement denominator can 

be expressed by the total amount of CO2 reduction due to the reuse, recycle, and 

recovery of 3R waste in ton of carbon dioxide (tCO2). According to the data 

availability and various technologies for recycle and recovery waste, the total amount 

of CO2 emission in ton calculated from the incineration of 3R waste was used to 

present as a total amount of CO2 reduction. The mathematic notation used for eco-

efficiency evaluation of 3R waste is shown in equation (5). 

 

                                 ( )∑

∑
=

t

t

CO

W
EIP

2

                          (5) 

 

        Where is the total amount of waste generated from the PP group in unit of 

ton and the total amount of CO2 reduction from 3R waste in unit of ton is referred by 

. The  can be further expressed with the function of total amount 

of reuse waste and total amount of recycle and recovery wastes, which is shown in 

equation (6).  

∑ tW

( )∑ tCO2 ( )∑ tCO2
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 ( ) ( ) ( )[ ]∑ ∑ ∑ += eryrerecyclereuset COCOfCO cov222 ,                     (6) 

 

        EIP values of 1) reuse waste, 2) recycle and recovery waste, and 3) 3R waste 

generated from PP group, MTPIE were evaluated by using the equations (7), (8), and 

(9), respectively.  

 

EIP of reuse waste ( )∑

∑
=

reuseCO

Wt

2

         (7) 

          

  EIP of recycle and recovery waste ( ) eryrerecycleCO

Wt

cov2 +∑

∑
=                            (8) 

 

                             EIP of 3R waste  ( )∑

∑
=

RCO

Wt

32

       (9) 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

 
         This chapter shows the results and discussion of eco-efficiency indicators 

analysis based on quantitative and analysis of data which collected from PP group in 

the MTPIE. The results of this study were presented and discussed in the subsequent 

sections as follow: 

 

         4.1  Industrial structure in MTPIE and industrial waste 

         4.2  Waste flow diagrams of industrial sectors in MTPIE 

         4.3  Eco-efficiency evaluation of 3R waste by using EIP indicator 

 

         4.1  Industrial structure in MTPIE and industrial waste 

 

                4.1.1  Industrial structure in MTPIE 

 

Industrial groups in the MTPIE

7 factories; 
13.21%

3 factories; 
5.66%

5 factories; 
9.43% 7 factories; 

13.21%

31 factories; 
58.49%

Utility
Iron
PP
Chemical
Gas

 
Figure 4.1 Industrial groups in the MTPIE 
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         MTPIE was divided into 5 industrial groups which are PP group, industrial gas 

group, utility group, iron and steel industry group and chemical industry group. The 

distributions of industrial group in MTPIE are shown in Figure 4.1 

 

1) PP group can be divided into 3 categories, which are PP group upstream 

consisted of 6 factories, intermediate stream consisted of 5 factories, and 

downstream consisted of 20 factories. 

2) Iron and steel industry group can be divided into 2 categories, which are 

billet industries consisted of 5 factories and slab industry consisted of 2 

factories. 

3) Chemical industry group can be divided into 2 categories, which are acid - 

base industry consisted of 5 factories, and solvent-catalyst industry consisted 

of 2 factories. 

4) Utility group consisted of 5 factories 

5) Industrial gas group consisted of 3 factories. 

  List of all factories are shown in Appendix C.  

 

4.1.2 Overview study of industrial waste in MTPIE 

 

        The total industrial waste in the MTPIE in fiscal year 2007 was 1,760,229.8 ton, 

which is shown in Figure 4.2. The highest amount of industrial waste was generated 

from utility group as 872,193.5 ton or 49.55 %. Bottom ash and fly ash from the coal 

incineration process were found to be as the mainly material in the industrial waste 

generated from utility group. The amount of industrial waste generated from iron and 

steel group was 719,171.3 ton or 40.86 %. Slag and dust from iron and melting 

process were found to be as the mainly material in the industrial waste generated from 

iron and steel group. The amount of industrial waste generated from PP group was 

152,178.6 ton or 8.65 %. Oily sludge, mix oil and catalyst were found to be as the 

mainly material in the industrial waste generated from PP group. The amount of 

industrial waste generated from chemistry group was 14,425.9 ton or 0.82 %. Slag 

from physical and chemical processing of metalliferous mineral, and waste water were 

found to be as the mainly material in the industrial waste generated from chemistry 
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group. The amount of industrial waste generated from gas group was 2,260.5 ton or 

0.13 %. Waste water sediment and sediment from water production process were 

found to be as the mainly material in the industrial waste generated from gas group. 

 

Distributions of industrial waste in MTPIE

 719,171.3 ton , 
40.86%

 2,260.5 ton , 
0.13%

 14,425.9 ton , 
0.82%152,178.6 ton , 

8.65%

 872,193.5 ton , 
49.55%

Utility
Iron
PP
Chemical
Gas

 
Figure 4.2 Distributions of industrial waste in MTPIE. 

 

         Total amount of industrial waste, which includes hazardous and non-hazardous 

waste, generated from the 5 industrial groups in fiscal year 2007 was 1,760,229.8 ton. 

The distributions of hazardous and non-hazardous industrial wastes in MTPIE are 

shown in Figure 4.3 and Table 4.1.  

 

Hazardous and non-hazardous waste in the MTPIE

 475,227.4 ton; 
27.00%

 1,285,002.4 ton 
; 73.00%

Hazardous
Non-hazardous

 
Figure 4.3 Distributions of hazardous and non-hazardous industrial wastes in MTPIE 
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Table 4.1 Distributions of hazardous waste and non-hazardous waste in the MTPIE 

 

Hazardous waste Non-hazardous waste 
Groups 

Amount (ton) % Amount (ton) % 

Utility 57,537.5 12.11 814,656.0 63.40 

Iron and steel 315,675.3 66.43 403,496.0 31.40 

Petroleum and 

petrochemical 
97,524.2 20.52 54,654.4 4.25 

Chemical 3,376.4 0.71 11,049.5 0.86 

Gas 1,114.0 0.23 1,146.5 0.09 

 

 

Categories of industrial wastes in the MTPIE

 233,180.7 ton ; 
13.25%

 1,527,049.1 
ton ; 86.75%

3R
Disposal

 
Figure 4.4 Categories of industrial in the MTPIE 

 

         Figure 4.4 presents the 2 categories of industrial waste in the MTPIE. The total 

industrial waste from 53 factories in 5 industrial groups in fiscal year 2007 was  

1,760,229.8 ton, which can be classified into 3R waste 1,527,049.1 ton or 86.75 % and 

disposal waste 233,180.7 ton or 13.25 %.  
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Categories of 3R wastes in the MTPIE

 1,175,583.2 ton 
; 76.98%

 351,465.9 ton ; 
23.02%

Reuse
Recycle and recovery

 
Figure 4.5 Categories of 3R wastes in the MTPIE 

 

        The 3R waste generated from the MTPIE can be separated into reuse waste and 

recycle and recovery wastes, which were 351,465.9 ton or 23.02 %, and 1,175,583.2 

ton or 76.98 %, respectively that is shown in Figure 4.5. The highest volume of 3R 

waste was generated from the utility group. Iron and steel group generated the highest 

recycle and recovery waste 566,901.1 ton followed with the utility group, PP group, 

chemistry group, and gas group, respectively. Most of reuse waste came from the 

utility group was 313,372.0 ton followed with PP group, iron and steel group, 

chemistry group, and gas group. 149,612.2 ton or 64.16 % of disposal waste was 

generated from iron and steel group, which was demonstrated as the highest disposal 

waste generator in MTPIE followed with PP group, utility group, chemistry group, and 

gas group, respectively. The distributions of industrial waste categories and amount of 

industrial waste from 5 groups are shown in Table 4.2. 

 

Table 4.2 The distributions of industrial waste categories and amount of industrial 

waste in MTPIE 

Groups 3R waste (ton) Disposal (ton) 

Utility 854,229.5 17,964.0 

Iron and steel 569,559.1 149,612.2 

Petroleum and petrochemical 101,723.8 50,454.8 

Chemical 1,186.2 13,239.7 

Gas 350.5 1,910.0 
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4.2  Waste flow diagram in MTPIE 

 

        Waste flow diagram was importance and necessary for the characterization of the 

industrial waste. It reflected the waste characterization of the area and verification of 

source and final sink of the waste from 5 industrial groups in MTPIE. 

 

        5 waste flow diagrams were constructed for 5 industrial groups (PP group, iron 

and steel industry group, utility, chemical industry group, and industrial gas group), 

which are shown in Figure 4.6, 4.8, 4.10, 4.12 and 4.14, respectively.  
 

        4.2.1  Waste flow diagram of petroleum and petrochemical group  

 
 

Figure 4.6 Waste flow diagram of industrial waste in the PP group 

 

Figure 4.6 presents the waste flow diagram of PP group. The PP group consists 

of 31 factories, which generated industrial waste 152,178.6 ton in fiscal year 2007. 

The industrial waste can be divided into hazardous waste 96,006.3 ton or 94.38 % of 
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the total waste generation in the PP group and non-hazardous 5,717.5 ton or 5.62 %. 

The industrial waste generated from the PP group can be classified into 2 categories 

comprising of 3R waste 101,723.8 ton or 66.84 % and disposal waste 50,454.8 ton or 

33.15 %. 66,365.4 ton of recycled and recovered generated from the PP group was 

used as fuel substitution or burning for energy recovery 37,637.2 ton or 56.71 % of 

recycle and recovery waste generated from PP group. The major of reuse was sorted 

and sold as 35,346.4 ton or 99.97 % of reuse waste generated from PP group. Most of 

the disposal waste from the PP group was sent to incinerator and landfill site as 79.35 

% of the total disposal waste. Details of hazardous and non-hazardous waste 

percentage from PP group are shown in Appendix D.  

 

Distributions of management methods for industrial waste generated from 
the PP group

37,637.2 ton ; 24.73%

12.0 ton ; 0.01%

35,346.4 ton ; 23.23%
5,000.0 ton ; 3.29%

19,194.8 ton ; 12.61%

20,842.0 ton ; 13.70%

9,090.0 ton , 5.97%

19,638.2 ton, 12.90%

4,010.0 ton ; 2.64%

1,408.0 ton ; 0.93%

Sorting for selling Other reuse methods Use as fuel 
Other recycle methods Use as co-material in cement kiln Co-incineration in cement kiln
Landfill Underground injection Land reclamation
Collect and export  

Figure 4.7 Distributions of management methods for industrial waste generated from 

the PP group 

 

        The distributions of management methods for industrial waste generated from the 

PP group is shown in Figure 4.7. 24.73 % of industrial waste generated from the PP 

group was managed by use as a fuel followed with  sorted for sale, co-incineration in 

cement kiln, other recycle methods, landfill, use as co-material in cement kiln, 
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underground injection, land reclamation, collect and export, and other reuse methods 

as 23.23 , 13.70 , 12.90 , 12.61, 5.97, 3.29, 2.64, 0.93  and 0.01 % respectively.  

 

        Activated carbon from wastewater system were found as the main waste for 

recycling as a fuel. Metal scraps, plastic, and wood scrap were sorted for sell. Oily 

sludge and chemical cleaning waste water sludge were sent to co-incineration in 

cement kiln. Yellow oil and caustic soda were recycled. Asphalt concrete and sludge 

from waste water treatment were sent to landfill. Residue fluid catalyst cracker, copper 

slag and sludge from waste water treatment were used as co-material in cement kiln. 

Water mixed hydrocarbon was sent to underground injection. Concrete was used for 

land reclamation. Plastic was collected and exported for recycled. Contaminated 

packaging was reused. The detail of industrial waste management methods and the 

distributions of industrial waste generated from the PP group are shown in Appendix 

E. 

 

4.2.2 Waste flow diagram of iron and steel group   
 

 
 

Figure 4.8 Waste flow diagram of industrial waste in the iron and steel group 

 

Figure 4.8 shows the waste flow diagram of iron and steel group. 7 factories in 

the iron and steel group which generated industrial waste 719,171.3 ton in fiscal year 
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2007, which can be divided into hazardous waste 315,675.3 ton or 43.89 % and non-

hazardous 403,496.0 ton or 56.11 %. The total waste can be classified into 3R waste as 

569,559.1 ton or 79.20 % and disposal waste as 149,612.2 ton or 20.80 %. The recycle 

and recovery industrial wastes 431,805.1 ton or 76.17 % generated from the iron and 

steel group was used for other function and used as fuel substitution in cement kiln. 

2,658.0 ton of reused waste was sorted for selling as 1,508.0 ton or 56.73 %. 

 

 Most of the disposal waste generated from the iron and steel group was sent to 

landfill site as 97,612.2 ton or 65.24%. The 33.42 % of disposal waste left was sent to 

abroad. Details of hazardous and non-hazardous waste percentage from iron and steel 

group are shown in Appendix D.  

 

Distributions of management methods for industrial waste generated from the 
iron and steel group

 236,905.1 ton ; 
32.94%

 5,066.0 ton ; 0.70%

 1,000.0 ton ; 0.14%

 2,000.0 ton ; 0.28%
 50,000.0 ton ; 6.95%

 150.0 ton ; 0.02%

 1,508.0 ton ; 0.21%

 97,612.2 ton ; 13.57%  194,900.0 ton ; 
27.10%

 130,030.0 ton ; 
18.08%

Sorting for selling Other reuse methods
Use as raw material substitution Use as fuel
Use as co-material in cement kiln Other recycle methods
Reclamation/regeneration of metal and metal compounds Landfill
Co-incineration in cement kiln Collect and export  

Figure 4.9 Distributions of management methods for industrial waste generated 

from the iron and steel group 

 

        Figure 4.9 presents the distribution of management methods for industrial waste 

generated from the iron and steel group. The major management of industrial waste 

generated from the iron and steel group was recycling followed with using as a co-

material in cement kiln, reclamation/regeneration of metal and metal compounds, 
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landfill, collect and export, use as fuel, co-incineration in cement kiln, sorting and 

selling, use as raw material substitution, and other reuse methods as 32.94, 27.10, 

18.08, 13.57, 6.95, 0.70, 0.28, 0.21, 0.14, and 0.02 %, respectively. 

 

        Slag was found as the main waste for recycle and regeneration of metal and metal 

compounds. Packed red dust were used as co-material in cement kiln and sent to 

landfill. Scale from steel sheet process and mill scale were collected and exported. 

Dust from cast process, and sludge and sand from water filtration process were reused 

as a fuel in process. Hazardous sludge from wastewater was sent to cement kiln. Metal 

scraps were sorted for sale. Used hydrochloric acid (HCl) was reused as raw material 

substitution in chemical industry. Used oil was reused in process. The details of 

industrial waste management methods and the distributions of industrial waste 

generated from the iron and steel group are shown in Appendix E. 

 
4.2.3  Waste flow diagram of the utility group  

 
 

Figure 4.10 Waste flow diagram of the utility group 

 

         The waste flow diagram of utility group is shown in Figure 4.10. Utility group 

consists of 5 factories, which generated industrial waste around 872,193.5 ton in fiscal 

year 2007. The industrial waste can be classified into hazardous waste 57,537.5 ton or 
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93.40 % and non-hazardous waste 814,656.0 ton or 6.60 % of the total waste 

generation from the utility group. The total waste comprising of 3R waste 854,229.5 

ton or 97.94  % and disposal waste 17,964.0 ton or 2.06  %. 313,000.0 ton of reuse 

waste generated from the utility group was used as a raw material substitution. While, 

most of the recycle and recovery wastes was used for other function, such as fly ash 

from coal burn was recycled to be as a concrete block, and used as a fuel substitution 

in cement kiln. The major management of the disposal waste generated from the utility 

group was sent to landfill site as 83.24 % of the total disposal waste followed with 

physico-chemical treatment, sent to co-incineration in cement kiln, and collected and 

exported. Details of hazardous and non-hazardous waste percentage from the utility 

group are shown in Appendix D.  

 

Distributions of management methods for industrial waste generated 
from the utility group

 313,000.0 ton ; 35.89%

 305.5 ton ; 0.04%

 192,500.0 ton ; 22.07%

 372.0 ton ; 0.04%
 900.0 ton ; 0.10%  8.0 ton ; 0.00%

 14,954.0 ton ; 1.71%

 2,102.0 ton ; 0.24%

 348,052.0 ; 40%

Sorting for selling Use as raw material substitution Use as fuel 
Use as co-material in cement kiln Other recycle methods Landfill
Co-incineration in cement kiln Collect and export Physico-chemical treatment 

 
 

Figure 4.11 Distributions of management methods for industrial waste generated 

from the utility group  

 

 The distributions of management methods for industrial waste generated from the 

utility group is shown in Figure 4.11. More than a half of industrial waste generated 

from utility group was recycled by using as a fuel, using as co-material in cement kiln.  
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39.91 % of industrial waste generated from the utility group was managed by other 

recycle methods, such as fly ash from coal burned was used as a raw material in 

cement block process. 

 

 Fly ash from burned coal was found as the main waste for recycle, raw material 

substitution and co-material in cement kiln. Soil contaminated coal, concrete slab and 

sludge from raw water were found as the main waste for sent to landfill. Liquid sludge 

from clarified water process was treated by physico-chemical treatment. Sludge from 

cleaning was sent to co-incineration in cement kiln. Metal scrap and non contaminated 

hazardous substance plastic packaging were sorted for selling. Used lubricating oil, 

cloths and gloves contaminated with oil and grease were recycled to be as a fuel. 

Stainless steel was collected and exported for recycled. The details of industrial waste 

management methods and the distributions of industrial waste generated from the 

utility group are shown in Appendix E. 

 
         4.2.4  Waste flow diagram of chemical group  

 
Figure 4.12 Waste flow diagram of industrial waste in the chemical group 

 

        The waste flow diagram of chemistry group is shown in Figure 4.12. Chemical 

group consists of 7 factories, which generated industrial waste around 14,425.9 ton in 
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fiscal year 2007. The industrial waste can be classified into hazardous waste 3,376.4 

ton or 23.41 % of the total waste generation in the chemistry group and non-hazardous 

11,049.5 ton or 76.59 %. The total waste comprising of 3R waste 1,182.2 ton or 8.22 

% and disposal waste 13,239.7 ton or 91.78 %. 43.5 ton of reuse generated from the 

chemistry group was sorted for selling. While, most of recycle and recovery wastes 

892.0 ton or 77.45 %, such as spent activated alumina and used oil were reused in the 

process for other function. The major management of the disposal waste generated 

from the chemistry group was sent to incinerator and landfill site as 11,238.0 ton or 

84.88%. Details of hazardous and non-hazardous waste percentage from chemistry 

group are shown in Appendix D.  

 

        The distributions of management methods for industrial waste generated from the 

chemistry group is shown in Figure 4.13. 77.85 % of industrial waste generated from 

the chemistry group was managed by sent to landfill followed with co-incineration in 

cement kiln, other reuse methods, use as fuel, use as co-material in cement kiln, 

sorting and selling, solvent reclamation/regeneration, and physico-chemical treatment 

of wastewater as 77.85, 13.86, 6.18, 0.93, 0.83, 0.30, 0.04, and 0.01 %, respectively. 

 

Distributions of management methods for industrial waste generated from 
the chemical group

6.0 ton ; 0.04%
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Figure 4.13 Distributions of management methods for industrial waste generated from 

the chemical group  
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        Slag from physical and chemical processing of metalliferous mineral, and 

concrete slab were found as the main waste, which was send to landfill. Waste water 

was sent to co-incineration in cement kiln.  Spent activated alumina was generated and 

reused in process. Used oil was recycled to be as a fuel. Sludge from waste water 

treatment was used as a co-material in cement kiln. Metal scraps were sorted for sale. 

Used solvent was treated by solvent reclamation and regeneration. Ammonium 

hydroxide was treated by physico-chemical treatment. The details of industrial waste 

management methods and the distributions of industrial waste generated from the 

chemistry group are shown in Appendix E. 

 

         4.2.5  Waste flow diagram of industrial gas group  

 
Figure 4.14 Waste flow diagram of industrial waste in the industrial gas group 

 

        Waste flow diagram of gas group is show in Figure 4.14. Gas group consists of 3 

factories, which generated industrial waste 2,260.5 ton in fiscal year 2007. The 

industrial waste can be classified into hazardous waste 1,114.0 ton or 49.28 % of the 

total waste generation in the gas group and non-hazardous 1,146.6 ton or 50.72 %. The 

total waste comprising of 3R waste 350.5 ton or 15.51 % and disposal waste 1,910.0 

ton or 84.49 %. 34.0 ton or total reuse generated from the gas group was sorted for 
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sale. The major management of recycle and recovery wastes from the gas group were 

recycled as 205.0 ton or 64.77 % of total recycle and recovery wastes. 1,040.0 ton or 

54.45 % of disposal waste generated from the gas group was sent to landfill followed 

with sent to co-incineration in cement kiln as 870.0 ton or 45.55 %. Details of 

hazardous and non-hazardous waste percentage from industrial gas group are shown in 

Appendix D.  

 

Distributions of management methods for industrial waste 
generated from the industrial gas group  

 205.0 ton ; 9.07%
 111.5 ton ; 4.93% 34.0 ton ; 1.50%

 870.0 ton ; 
38.49%

 1,040.0 ton ; 
46.01%

Sorting for selling Use as fuel
Other recycle methods Landfill
Co-incineration in cement kiln  

Figure 4.15  Distributions of management methods for industrial waste generated from 

the industrial gas group  

 

        Figure 4.15 presents the distribution of management methods for industrial waste 

generated from the gas group. 46.01 % of industrial waste generated from the gas 

group was managed by sent to landfill followed with co-incineration in cement kiln, 

other recycle methods, use as fuel, and sorting and selling as 38.49, 9.07, 4.93, and 

1.50 %, respectively. 

 

        Sludge from raw water generation process was found as the main waste for sent 

to landfill. Waste water sludge and slop oil were sent to cement kiln. Water mixed oil 

and used oil were used as for recycled. Spent palladium catalyst and used oil were 

recycled to be as a fuel. Metal scraps were sorted for selling. The details of industrial 
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waste management methods and the distributions of industrial waste generated from 

the gas group are shown in Appendix E.  

 

4.3  Eco-efficiency Evaluation of 3R waste by using EIP Indicator 

 

        4.3.1 Production Value 

 

        Amount of waste generated from the PP group in fiscal year 2007 was used as a 

production value for evaluation of 3R waste eco-efficiency. Total amount of waste 

from every quarter was the production value, which was the numerator. Production 

values are summarized in Table 4.3. 

 

Table 4.3 Summary of industrial waste 

 

Total waste Quarter 1 Quarter 2 Quarter 3 Quarter 4 Waste 
types 

(ton) (ton) (ton) (ton) (ton) 

3R 83,228.4 8,776.0 32,563.4 10,092.0 31,797.0 

Disposal 68,950.2 5,429.4 27,751.6 18,062.3 17,706.9 

Total 152,178.6 14,205.4 60,315.0 28,154.3 49,503.9 

 
   

4.3.2 Environmental Improvement 

 

        The environmental improvement denominator can be expressed by the total 

amount of CO2 reduction due to the reuse, recycle, and recovery of 3R waste. 

According to the data availability and various technologies for recycle and recovery 

waste, the total amount of CO2 reductions by 3R waste can not calculate directly from 

the reuse, recycle and recovery processes. Therefore, the total amount of CO2 emission 

from 3R waste incineration was used to present as a total amount of CO2 reduction. 

The method for calculating the CO2 emission from 3R waste incineration was base on 
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the carbon content of the incinerated wastes. The CO2 reductions of 3R waste are 

summarized in Table 4.4.  

 

Table 4.4 Summary of CO2 reduction  

Waste types 

Total CO2 

reduction 

(t CO2) 

Quarter 1 

(t CO2) 

Quarter 2 

(t CO2) 

Quarter 3 

(t CO2) 

Quarter 4 

(t CO2) 

Reuse 71,669.92 3,122.08 20,573.07 4,126.28 43,848.49 

Recycle and 

recovery 
24,017.83 2,621.10 9,866.72 5,948.29 5,581.72 

3R 95,687.75 5,743.18 30,439.79 10,074.57 49,430.21 

 

        Reuse waste can be reduced CO2 emission 71,669.92 t CO2. The highest CO2 

reduction of reuse waste was derived from quarter 4 43,848.49 t CO2. Recycle and 

recovery waste gave the total CO2 reduction 24,017.83 tCO2, which was observed 

from quarter 1 2,621.10 t CO2, quarter 2 9,866.72 t CO2, quarter 3 5,948.29 t CO2, and 

quarter 4 5,581.72 tCO2. Total amount of CO2 reduction from 3R waste was 95,687.75 

t CO2 the highest CO2 reduction of 3R waste was derived from quarter 4 49,430.21 t 

CO2, while the quarter 1 was observed as the lowest CO2 reduction of 3R waste as 

5,743.18 t CO2 or 6.00 %. 

 

        Total amount of 3R waste of 31 factories in the PP group, which was collected 

from fiscal year 2007, can be divided into 7 compositions as paper, wood, plastic, 

textile, rubber, metal, and other waste. The distributions of industrial waste 

compositions and CO2 reduction from various waste compositions in the PP group are 

shown in Figure 4.16 and Figure 4.17, respectively. 

 

        Figure 4.16 shows the distribution of industrial waste compositions, which other 

waste was main compositions.  Figure 4.17 demonstrates the distribution of CO2 

reduction. Plastic demonstrates as the highest CO2 reduction. It is obvious that the CO2 

reduction was not depended on amount of waste but it was relied on the waste 

compositions. Plastic was a material that gave the highest CO2 reduction because it is 
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synthetic material from petroleum stuffs, which compose of hydrocarbon as a main 

component in the molecular structure.  
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Figure 4.16 Distributions of industrial waste compositions 

 

CO2 reduction
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Figure 4.17 Distributions of CO2 reduction  
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        Figure 4.18 presents the distributions of reuse waste compositions and its CO2 

reductions. It can be seen that plastic was the main material of the reuse waste 

14,184.6 ton or 40.44 % and gave the highest CO2 reduction 39.007.65 t CO2 or 54.43 

%. Rubber was found to be as the lowest material of reuse waste 200.0 ton or 0.57 % 

but the lowest CO2 reduction of reuse waste was derived from the other waste, which 

was 20.99 t CO2 or 0.03 %. 
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Figure 4.18 The distributions of reuse waste compositions and its CO2 reduction 

 

        Figure 4.19 shows the distribution of recycle and recovery waste compositions 

and its CO2 reductions. The other waste, such as oil and oil sludge demonstrated as the 

main material of recycle and recovery waste as 38,702.5 ton or 80.37 % but the 

highest CO2 reduction was derived from plastic waste, which was 12,281.50 t CO2 or 

51.13 % of the total CO2 reduction of recycle and recovery waste. The rubber was 

shown as the lowest CO2 reduction of the recycle and recovery waste, which was 

165.09 t CO2 or 0.69 % of the total CO2 reduction of recycle and recovery waste. 
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Figure 4.19 The distribution of recycle and recovery wastes and its CO2 reductions 
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Figure 4.20 The distribution of 3R wastes and its CO2 reductions 

 

        Figure 4.20 shows the distribution of 3R waste compositions and its CO2 

reductions. It can be seen that the other waste was main material of 3R waste 38,914.5 

ton or 46.76 % while plastic gave the highest CO2 reduction 51,289.15 t CO2 or 53.60 
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%. Rubber was shown as the lowest material 280.0 ton or 0.34 % but the lowest CO2 

reduction was derived from textile waste, which was 545.60 t CO2 or 0.57 % of the 

total CO2 reduction of 3R waste. The percentage of waste and carbon dioxide 

reduction was shown in Appendix F. 

 

4.3.3 Waste eco-efficiency evaluation 

 

         In spite of data availability and shortcoming data, we derived to separate the 

gathered data in 1 fiscal year into 4 quarter in order to see the industrial waste eco-

efficiency trend. The eco-efficiencies of reuse, recycle and recovery and 3R wastes 

were evaluated by using EIP indicator. 

 

4.3.3.1  Eco-efficiency evaluation of reuse waste 

 

        The total amount of reuse waste generated from PP group was 35,071.90 ton, 

which can be separated into 1,796.0 ton in quarter 1, 11,352.9 ton in quarter 2, 2,400.0 

ton in quarter 3 and 19,523.0 ton in quarter 4.  

 

       The composition of reuse waste demonstrates in Figure 4.21, which was indicated 

that the main compositions of reuse waste in quarter 1 was wood material, while the 

lowest composition of reuse waste in quarter 1 was other waste. The highest 

composition of reuse waste in quarter 2 was metal waste as 4,547.0 ton or 40.05 % and 

the lowest composition of reuse waste in quarter 2 as 1,051.0 ton or 9.26 %. Half of 

the composition of reuse waste in quarter 3 was wood. Plastic was demonstrated as a 

main material in quarter 4 as 11,252.0 ton or 57.63 %, while other waste was shown as 

the lowest composition in quarter 4 as 150.0 ton or 0.77 %.  Finally, plastic was shown 

as the highest composition of reuse waste as 14,184.6 ton or 40.44 %, while rubber 

was observed as the lowest composition of reuse waste as 200.0 ton or 0.57 %. 
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Figure 4.21 The compositions of reuse waste generated from PP group 

 

        The CO2 reductions from the total reuse waste in each quarter were 3,122.08 t 

CO2 in quarter 1, 20,573.07 t CO2 in quarter 2, 4,126.28 t CO2 in quarter 3, and 

43,848.49 t CO2 in quarter 4 which are shown in Figure 4.22.  

 

        Total CO2 reduction of quarter 1 was 3,122.08 t CO2. The highest CO2 reduction 

in quarter 1 was derived from wood, which was 1,019.15 t CO2 or 32.64 % of the total 

CO2 reduction in quarter 1, While the lowest CO2 reduction in quarter 1 was derived 

from other waste 4.95 t CO2 or 0.16 % of the total CO2 reduction in quarter 1. Metal 

gave the highest CO2 reduction as 7,275.20 t CO2 or 35.36 % in quarter 2 and paper 

gave the lowest CO2 reduction as 1,595.42 t CO2 or 7.75 %. Wood gave the highest 
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CO2 reduction 1,714.17 t CO2 or 41.54 % in quarter 3 and other waste gave the lowest 

CO2 reduction 1.19 t CO2 or 0.03 %. The highest CO2 reduction from in quarter 4 was 

derived from plastic 30,943.00 t CO2 or 70.57 % of the total CO2 reduction in quarter 

4, While the lowest CO2 reduction in quarter 4 was derived from other waste 14.85 t 

CO2 or 0.03 % of the total CO2 reduction in quarter 4. Finally, total CO2 reduction of 

reuse waste was 71,669.92 t CO2. Plastic was shown as the highest CO2 reduction 

39,007.65 t CO2 or 54.43 %, while other waste gave the lowest CO2 reduction as 20.99 

t CO2 or 0.03 % of the total CO2 reduction of reuse waste. 
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Figure 4.22 Amount of CO2 reduction from reuse waste 

 

        The results of reuse waste eco-efficiencies were progressively rather decreasing 

in a trend of 4.55 t/t CO2 in quarter 1, 2.93 t/t CO2 in quarter 2, 6.82 t/t CO2 in quarter 

3, and 1.13 t/t CO2 in quarter 4 as revealed in Figure 4.23. 
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         It is obvious that the EIP trend of reuse waste decreased from quarter 1 to quarter 

4, except quarter 3. The increase of EIP value in quarter 3 could be from the decrease 

of higher carbon substances such as plastic material, which it can be seen that plastic 

was not the main compositions. 
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Figure 4.23 Reuse waste eco-efficiency indicator of PP group 

 

               4.3.3.2 Eco-efficiency evaluation of recycle and recovery waste 

 

         The composition of recycle and recovery wastes is shown in Figure 4.24.  The 

total amount of recycle and recovery waste generated from PP group was 48,156.5 ton, 

which can be divided into 6,980.0 ton in quarter 1, 21,210.5 ton in quarter 2, 7,692.0 

ton in quarter 3 and 12,274.0 ton in quarter 4. 

 

        The composition of recycle and recovery wastes demonstrates in Figure 4.24, 

which was indicated that the main compositions of recycle and recovery waste in 

quarter 1 was other waste, while the lowest composition of recycle and recovery 

wastes in quarter 1 were textile. The highest composition of recycle and recovery 

wastes in quarter 2 was other waste, such as activated carbon from wastewater system, 
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bisphenol A by product as 17,201.5 ton or 81.10 % and the lowest composition of 

recycle and recovery wastes in quarter 2 was rubber as 25.0 ton or 0.12 %. Most of the 

composition of recycle and recovery wastes in quarter 3 was other waste, such as oil 

sludge. Other waste, such as used oil was demonstrated as a main material in quarter 4 

as 10,485.0 ton or 85.42 % in quarter 4, while rubber was shown as the lowest 

composition in quarter 4 as 25.0 ton or 0.20 %. Finally, other waste was shown as the 

highest composition of recycle and recovery wastes as 38,702.5 ton or 80.37 %, while 

rubber was observed as the lowest composition of recycle and recovery wastes as 80.0 

ton or 0.17 %. 
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Figure 4.24 The compositions of recycle and recovery waste generated from PP group 

 

         The CO2 reductions from the total recycle and recovery waste in each quarter 

were 2,621.10 t CO2 in quarter 1, 9,866.72 t CO2 in quarter 2, 5,948.29 t CO2 in 

quarter 3, and 5,581.72 t CO2 in quarter 4, as shown in Figure 4.25.  
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Figure 4.25 Amount of CO2  reduction from recycle and recovery waste 

 
        Total CO2 reduction of quarter 1 was 2,621.10 t CO2. The major of CO2 reduction 

in quarter 1 was derived from plastic, which was 1,952.50 t CO2 or 74.49 % of the 

total CO2 reduction in quarter 1, While the lowest CO2 reduction in quarter 1 was 

derived from textile material, which was 51.33 t CO2 or 1.96 % of the total CO2 

reduction in quarter 1. The highest CO2 reduction as 4,229.50 t CO2 or 42.87 % in 

quarter 2 from plastic and rubber gave the lowest CO2 reduction as 51.59 t CO2 or 0.52 

%. Quarter 3 shown the highest CO2 reduction from plastic were 2,057.00 t CO2 or 

34.58 % and rubber gave the lowest CO2 reduction 61.91 t CO2 or 1.04 %. The highest 

CO2 reduction in quarter 4 was derived from plastic, which was 4,042.50 ton or 72.42 

% of the total CO2 reduction in quarter 4, While the lowest CO2 reduction in quarter 4 

was derived from rubber material, which was 51.59 t CO2 or 0.92 % of the total CO2 

reduction in quarter 4. Finally, total CO2 reduction of recycle and recovery waste was 
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24,017.83 t CO2. Plastic was shown as the highest CO2 reduction of recycle and 

recovery waste 12,281.50 t CO2 or 51.13 %, while rubber gave the lowest CO2 

reduction as 165.09 t CO2 or 0.69 % of the total CO2 reduction of recycle and recovery 

waste. 
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Figure 4.26 Recycle and recovery waste eco-efficiency indicator of PP group 

 

        Figure 4.26 shows the recycle and recovery wastes eco-efficiencies, which were 

5.42 t/t CO2 in quarter 1, 6.11 t/t CO2 in quarter 2, 4.73 t/t CO2 in quarter 3, and 8.87 t/t 

CO2  in quarter 4.  

 

        It is obvious that the EIP trend of recycle and recovery waste increased from 

quarter 1 to quarter 4, except quarter 3. The decrease of EIP value in quarter 3 could 

be from reduction of total waste including the increase of higher carbon substances, 

which it can be seen that plastic was the main compositions. 

 

        The results show that quarter 3 gave the lowest EIP, which demonstrates the 

excellent performance in both of economic and environmental benefits. 
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4.3.3.3 Eco-efficiency evaluation of 3R waste 

 

        Figure 4.27 shows the composition of 3R waste. The total amount of 3R waste 

generated from PP group was 83,228.4 ton, which can be separated to 8,776.0 ton in 

quarter 1, 32,563.4 ton in quarter 2, 10,092.0 ton in quarter 3 and 31,797.0 ton in 

quarter 4.  
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Figure 4.27 The compositions of 3R waste generated from PP group 

 

        The composition of 3R waste demonstrates in Figure 4.27, which was shown that 

the main compositions of 3R waste in quarter 1 was other waste, such as spent caustic 

and milky waste, while the lowest composition of 3R waste in quarter 1 was textile 

material. Most of the composition of 3R waste in quarter 2 was other waste, such as 

bisphenol A by product, activated carbon from wastewater system as 17,201.5 ton or 
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52.82 % and the lowest composition of 3R waste in quarter 2 as 25.0 ton or 0.08 %. 

The highest composition of 3R waste in quarter 3 was other waste, such as oil sludge. 

Plastic was a main material in quarter 4 as 12,722.0 ton or 40.01 %, while textile was 

shown as the lowest composition in quarter4 as 111.0 ton or 0.35 %.  Finally, other 

waste was shown as the highest composition of 3R waste as 38,914.5 ton or 46.76 %, 

while rubber was observed as the lowest composition 280.0 ton or 0.34 %.  

 

         The CO2 reductions from the total 3R waste in each quarter were 5,743.18 t CO2 

in quarter 1, 30,439.79 t CO2 in quarter 2, 10,074.57 t CO2 in quarter 3, and 49,430.21 

t CO2 in quarter 4 as revealed in Figure 4.28.  
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Figure 4.28 Amount of CO2 reduction from 3R waste 
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        Total CO2 reduction of quarter 1 was 5,743.18 t CO2. Plastic gave the highest 

CO2 reduction was 2,832.50 t CO2 or 49.32 % of the total CO2 reduction in quarter 1, 

While textile material gave the lowest CO2 reduction was 51.33 t CO2 or 0.89 % of the 

total CO2 reduction in quarter 1. The highest CO2 reduction was derived from plastic 

as 10,539.65 t CO2 or 34.62 % in quarter 2 and rubber gave the lowest CO2 reduction 

51.59 t CO2 or 0.17 %. The most of CO2 reduction in quarter 3 was derived from metal 

was 3,136.00 t CO2 or 31.13 %, While rubber gave the lowest CO2 reduction 61.91 t 

CO2 or 0.61 %. Quarter 4 was derived the highest CO2 reduction from plastic, which 

was 34,985.50 t CO2 or 70.78 % of the total CO2 reduction in quarter 4, While the 

lowest CO2 reduction was derived from textile material, which was 162.80 t CO2 or 

0.33 % of the total CO2 reduction in quarter 4. Finally, total CO2 reduction of 3R waste 

was 95,687.75 t CO2. Plastic was demonstrated as the highest CO2 reduction of 3R 

waste 51,289.15 t CO2 or 53.60 %, while textile gave the lowest CO2 reduction as 

545.60 t CO2 or 0.57 % of the total CO2 reduction of 3R waste. 
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Figure 4.29 3R waste eco-efficiency indicator of PP group 

 

         Figure 4.29 shows the EIP of the 3R waste in the PP group. The EIP values of 

the 3R waste from the PP group were 2.47 t/t CO2 in quarter 1, 1.98 t/t CO2 in quarter 

2, 2.79 t/t CO2 in quarter 3, and 1.00 t/t CO2 in quarter 4.  
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        It is obvious that the EIP trend of 3R waste from quarter 1 to quarter 4, decreased 

except quarter 3. The increase in EIP value of quarter 3 could be from reduction of 3R 

waste. The decrease of higher carbon substances, which it can be seen that plastic was 

not the main compositions. 

 

        Quarter 1 gave the lowest amount of 3R waste but the EIP value was better than 

that of quarter 3. This can be explained that the main component of the 3R waste in 

quarter 1 consists of higher carbon substances, which can give more CO2 reduction. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 
 

 

        This chapter concludes the finding of this study and conclusion and 

recommendations that can contribute to further studies. This study tried to carry out 

the framework and answer the hypothesis in Chapter 1. Moreover, reliability of data is 

exposed and recommendations are presented towards eco-efficiency evaluation in 

petroleum and petrochemical group and waste flow diagram in 5 groups in MTPIE. 

 

5.1 Conclusion 

 

        This works present to evaluation of eco-efficiency called EIP that mean total 

amount of waste per carbon dioxide reduction. There are 31 factories in the petroleum 

and petrochemical group which can be divided into 4 quarters. In addition to, waste 

flow diagram were created into 5 groups as petroleum and petrochemical group, 

industrial gas group, utility group, iron and steel industry group and chemical industry 

group from 53 factories. Waste flow diagram shown the categories of industrial waste 

(reuse, recycle and recovery, and disposal waste), amount and treatment methods. The 

percentages of hazardous and non-hazardous waste were indicated. 

 

        5.1.1  Waste  Flow Diagram 

 

        5 waste flow diagrams were created for 5 industrial groups. The utility group was 

found to be as the highest amount of waste. Iron and steel industry group generated the 

highest hazardous waste 66.43 % but the highest non-hazardous waste was generated 

from utility group 63.40 %. On the other hand, gas group was gave the lowest 

hazardous and non-hazardous waste as 0.23 % and 0.09 %. 
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        Recycle and recovery waste was found as the main waste of petroleum and 

petrochemical group following with disposal, and reuse waste. The highest treatment 

method was used as a fuel followed with the sorted and selling, sent to cement kiln, 

other recycle methods, sent to landfill, used as co-material in cement kiln, 

underground injection, land reclamation, collected and exported, and other reused 

methods.  

 

        Recycle and recovery waste was the main waste of iron and steel group followed 

with disposal, and reuse waste. Other recycle methods was found as the main 

treatment method followed with used as co-material in cement kiln, 

reclamation/regeneration of metal and metal compounds, sent to landfill, collected and 

exported, used as a fuel, sent to cement kiln, sorted and selling, used as a raw material 

substitution, and other reused methods. 

 

        The major waste from the utility group was recycle and recovery waste followed 

with reuse, and disposal waste. The main treatment method was recycled followed 

with used as a raw material substitution, used as co-material in cement kiln, sent to 

landfill, physico-chemical treatment, sent to cement kiln, sorted and selling, used as a 

fuel and collected and exported, respectively. 

 

        The most of waste from chemistry group was disposal waste followed with 

recycle and recovery, and reuse waste. The highest  treatment method was sent to 

landfill followed with co-incineration in cement kiln, other reused methods, used as a 

fuel, used as co-material in cement kiln, sorted for selling, solvent 

reclamation/regeneration, and physico-chemical treatment, respectively.  

 

 Disposal waste was found to be as the main waste from gas group followed with 

recycle and recovery, and reuse waste. The treatment method by sent to landfill was 

the main management followed with sent to cement kiln, other recycled methods, used 

as a fuel, and sorted and selling.  
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5.1.2 Waste eco-efficiency evaluation 

 

        According to the limitation of gathered data, the 3R waste eco-efficiency was 

evaluated only in PP group. The principles of eco-efficiency evaluation were required 

information at least 3 years to assess. It can be noted that trends occur. While the data 

gathered from PP group has just completed only in 1 year. Therefore it was divided 

into 4 quarters to monitor EIP trends  

 

        Data used for evaluated the eco-efficiency of 3R waste indicator was gathered 

from the monitoring report. Therefore, the waste volume appeared in each quarter is 

different depending on the duration of the waste transportation. 

 

        The performance of EIP trends, the decrease of EIP value means good 

performance in both of economic and environmental benefit. The EIP value can 

quantify the efficiency of industrial waste output from the PP group. The decrease of 

EIP value could be from 3 reasons: 1) reduction of the total waste 2) increase of 3R 

waste and 3) increase of higher carbon substances, which usually give more CO2 

released by incineration such as plastics, in the total amount of 3R waste. 

 

        Waste eco-efficiency evaluation of reuse, recycle and recovery, and 3R waste 

from PP group, it can be concluded that the reuse waste, and 3R waste were found the 

EIP trend was decreasing. On the other hand, the EIP trend of recycle and recovery 

was increasing. 

 

        Eco-efficiency analysis is now and will continue to be one important assessment 

method for research and development, production, marketing or waste management. 

Eco-efficiency should increase the positive environmental performance of an industry 

in relation to economic value creation or to reduce negative effects. The research can 

provide the basic framework on eco-efficiency with respect to waste for the industrial 

sector in Thailand. Moreover, it can very useful for tracking industrial waste and 

ensuring continuous improvement to get more benefit (in both of economic and 

environment) from industrial waste by reuse, recycle and recovery. 
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        This study is reflectively the waste characterization and verification of source and 

final sink of the waste flow of 5 industrial groups in MTPIE. The analyze results of 

waste eco-efficiencies reflect trend of waste eco-efficiencies concerned waste 

composition. The waste composition demonstrates as an influence indicator, which 

can indicate the CO2 reduction and EIP values of the 3R waste. Thus, the eco-

efficiency evaluation with EIP indicator could be used as a useful assessment tool for 

further industrial waste management.  

 

5.2  Feedback 

 

        The eco-efficiency evaluation of 3R waste from the PP group in the MTPIE with 

EIP indicator can lead to the suggestions as follows: 

• Carbon dioxide reduction was indicator of the EIP value that the low value 

means excellence performance.  

• Some waste such as solvent, catalyst, or use oil was divided into other waste 

group because not clear to identify the type of waste. 

• Detail in the monitoring report should be clear for further waste management.  

• The eco-efficiency evaluation with EIP indicator is just an assessment tool, 

which has benefits to track and quantify the environmental performance from 

3R waste. In order to sustain the higher eco-efficiency, industries in the PP 

group have to reuse, recycle, and recovery their own waste as reported. 

Moreover, they must decrease the total amount of waste generation and 

increase more in total amount of 3R waste by using the 3R materials and 

applying the eco-design for process and product modification [26]. 

• The research can demonstrate the environmental benefits from the 3R waste, 

which will feed into strategic development and would enable to encourage the 

3R activities for industrial sector in Thailand. 

• Industries should apply eco-efficiency to annual report in order to promote this 

concept into reality. 
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5.3  Recommendations 

        This study focused on waste flow diagram and waste eco-efficiency evaluation 

that present the carbon dioxide reduction from waste incineration. The further research 

on eco-efficiency of waste should be 

 

• Development of waste eco-efficiency indicators for evaluating about ozone 

depletion, acidification, and human toxicity must be considered for further 

study. 

• Eco-Efficiency is fundamentally a ratio of some measure of economic or 

product value to some measure of environmental impact, which is ability to 

combine performance along two of the three axes were social, economic and 

environmental of sustainable development. In order to explain the direction of 

progress toward the goal of sustainable development, the issues concerning 

equity and other social properties need to be included for the further study. 

• Shortcoming data can lead to bias, in order to minimize this limitation, long 

time data need to be continued. 

• This research, CO2 reduction was calculated from only waste composition. It 

excluded CO2 reduction from technologies and production processes, which its 

must be considered for further study 

 

. 
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APPENDIX A 

TREATMENT METHODS WASTE CODES 

 
 

Codes Treatment methods 

001 Sorting for selling 

021 storage 

031 Use as raw material substitution 

032 Return to original producer for disposal 

033 Reuse container; to be refilled 

039 Other reuse methods 

041 Use as fuel substitution or burn for energy recovery 

042 Fuel blending 

043 Burn for energy recovery 

044 Use as co-material in cement kiln or rotary kiln 

049 Other recycle methods 

051 Solvent reclamation/regeneration 

052 Reclamation/regeneration of metal and metal compounds 

053 Acid/base regeneration 

054 Catalyst regeneration 

059 Other recovery unlisted materials 

061 Biological treatment 

062 Chemical treatment 

063 Physical treatment 

064 Physico-chemical treatment 

065 Physico-chemical treatment of wastewater 

066 Direct discharge to central wastewater treatment plant 

067 Chemical stabilization 

068 Chemical fixation using cementitious and/or pozzolanic material 
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Codes Treatment methods 

069 Other detoxification methods 

071 Sanitary landfill 

072 Secure landfill 

073 Secure landfill of stabilized and/or solidified wastes 

074 Burn for destruction 

075 Burn for destruction in hazardous waste incinerator 

076 Co-incineration in cement kiln 

077 Deepwell or underground injection; sea-bed insertion 

079 Other disposal methods 

081 Collect and export 

082 Land reclamation 

083 Composting or soil conditioner 

084 Animal feed 
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APPENDIX B 

THE MATHAMETIC FORMULAR FOR CALCULATING  

CO2 EMISSION 
 
 

( ) 10000/1244
2

∗∗∗= diCiMiW
i

CO  

 
CO2 Paper  =   (2,338.0 * 90 * 46 * 44/12) / 10000 
              =    3,549.08   t CO2 
 
CO2 Wood       =   (9,689.3 * 85 * 50 * 44/12) / 10000 
         =    15,099.16   t CO2 
 
CO2 Plastic     =   (18,650.6 * 100 * 75 * 44/12) / 10000 
        =    51,289.15   t CO2 
 
CO2 Textile      =   (372.0 * 80 * 50 * 44/12) / 10000 
        =    545.60   t CO2 
 
CO2 Rubber    =   (280.0 * 84 * 67 * 44/12) / 10000 
          =    577.81   t CO2 
 
CO2 Others      =   (38,914.5 * 90 * 3 * 44/12) / 10000 
         =    3,852.54   t CO2 
 
CO2 Metal            =   12,984.0 *  1.6    
              =   20,774.40   t CO2 
 
 

i   =   Waste type: paper, wood, rubber, plastic, textile and others  

W =   Waste wet weight (ton) 

M =   Dry matter content in % of wet weight 

Cd =   Carbon content in % of dry weight 

 

Source: IPCC, 2006 
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APPENIX C 

LIST OF ALL FACTORIES IN MTPIE 
 

 

I:  Factories in petroleum and petrochemical industry (Data from MTPIE office in 

year 2007) 

Order Abbreviations Company  names 

1 SPRC Star Petroleum Refining Company Limited 

2 RRC Rayong Refinery Public Company Limited 

3 ROC Rayong Olefins Company Limited 

4 ATC  Aromatics (Thailand) Public Company Limited 

5 TOC  Thai Olefins Public Company Limited 

6 NPC Nation Petrochemical Public Company Limited 

7 TPC  Thai Plastic and Chemicals Public Company Limited 

8 VNT  Vinythai Public Company Limited 

9 TPE  Thai Polyethylene Company Limited 

10 BPE  Bangkok Polyethylene Public Company Limited 

11 TPP  Thai Polyethylene Company Limited 

12 HMC  HMC Polymer Company Limited 

13 GSCC  Grand Siam Composites Company Limited 

14 TPC-Paste  TPC Paste Resins Company Limited 

15 BST  Bangkok Synthetics Company Limited 

16 BSTE BST Elastomers Company Limited 

17 SSMC  Siam Synthetics Monomer Company Limited 

18 TTC Tuntex (Thailand) Public Company Limited 

19 HMT   HMT Polystyrene Company Limited 

20 TSIC  Thai Shinkong Industry Company Limited 

21 SPECL  Siam Polyethylene Company Limited 

22 SPCL Siam Polystyrene Company Limited 



Umaporn  Khwankue                                                                                                            Appendix / 73 
 
 

Order Abbreviations Company  names 

23 BPC Bayer Polymers Company Limited 

24 LANXESS LANXESS (Thailand) Company Limited 

25 MFC Thai MFC Company Limited 

26 TBIL Thai Baroda Industries Company Limited 

27 PPTL Pacific Plastics (Thailand) Limited 

28 TPT  TPT Petrochemicals Public Company Limited 

29 SSLC Siam Synthetic Latex Company Limited 

30 ABC Aditya Birla Chemicals (Thailand) Limited 

31 TGCI Thai GCI Resitop Company Limited 

 

II:  Factories in iron and steel industry group 

 

Order Abbreviations Company  names 

1 NOVA Nova Steel Company Limited 

2 SCSC The Siam Construction Steel Company Limited 

3 RWI Rayong Wire Industries Company Limited 

4 TWP Thai Wire Product Company Limited 

5 SYS Siam Yamoto Steel Company Limited 

6 TSS Thai-Scandic Steel Company Limited 

7 STP Siam Tinplate Company Limited 

 

III:  Factories in utility group 

 

Order Abbreviations Company  names 

1 Glow Glow Energy Public Company Limited 

2 GSPP 2 Glow SPP 2 Company Limited 

3 GSPP 3 Glow SPP 3 Company Limited 

4 BCC Bangkok Cogeneration Company Limited 

5 BLCP  BLCP Power Company Limited 
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IV:  Factories in chemical industry group  

 

Order Abbreviations Company  names 

1 USSL United Silica (Siam) Company Limited 

2 TMMA Thai MMA Company Limited 

3 HCST H.C. Strack (Thailand) Company Limited 

4 SAKC Sakchaisidhi Company Limited 

5 POT Peroxythai Company Limited 

6 LAPORT Laporte (Thailand) Company Limited 

7 TSSC Tokuyama Siam Silica Company Limited 

 

V:  Factories in industrial gas group 

 

Order Abbreviations Company  names 

1 BIG Bangkok Industrial Gas Company Limited 

2 TIG Thai Industrial Gas Company Limited 

3 AL Air Liquid (Thailand) Company Limited 
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APPENDIX D 

AMOUNT OF INDUSTRIAL WASTE 

 
 
Table I:  Amount of industrial waste in petroleum and petrochemical group 
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Table II:  Amount of industrial waste in iron and steel group 
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Table III:  Amount of industrial waste in utility group 
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Table IV:  Amount of industrial waste in chemical group 
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Table V:  Amount of industrial waste in gas group 
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Table I:  The distributions of industrial waste management methods of petroleum 

and petrochemical group 
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Table II:  The distributions of industrial waste management methods of iron and 
steel group 
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Table III:  The distributions of industrial waste management methods of utility 
group 
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Table IV:  The distributions of industrial waste management methods of 
chemical group 
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Table V:  The distributions of industrial waste management methods of gas 
group 
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APPENDIX F 

INDUSTRIAL WASTE COMPOSITIONS AND CO2 REDUCTION 

 

 
I:  Reuse waste 
 

Amount  CO2  reduction 
Waste (ton) (%) (t CO2) % 
Paper 2,097.0   5.98  3,183.25   4.44 
Wood 8,639.3 24.64        13,462.91 18.78 
Plastic     14,184.6 40.44        39,007.65 54.43 
Rubber    200.0   0.57      412.72   0.58 
Metal 9,739.0 27.77 15,582.40 21.74 
Others    212.0   0.60        20.99   0.03 
Total     35,071.9      100.00  71,669.92    100.00 

 
II:  Recycle and recovery waste 
 

Amount  CO2  reduction 
Waste (ton) (%) (t CO2) % 
Paper    241.0 0.5     365.84 1.52 
Wood 1,050.0   2.18          1,636.25 6.82 
Plastic 4,466.0   9.27        12,281.50      51.13 
Textile    372.0   0.77     545.60 2.27 
Rubber      80.0  0.17     165.09 0.69 
Metal 3,245.0  6.74          5,192.00 21.62 
Others     38,702.5       80.37          3,831.55 15.95 
Total     48,156.5     100.00        24,017.83     100.00 

 
III:  3R waste 
 

Amount  CO2  reduction 
Waste (ton) (%) (t CO2) % 
Paper 2,338.0  2.81             3,549.09    3.71 
Wood 9,689.3 11.63           15,099.16  15.78 
Plastic     18,650.6 22.41           51,289.15  53.60 
Textile   372.0  0.45                545.60    0.57 
Rubber   280.0  0.34                577.81    0.60 
Metal     12,984.0       15.60           20,774.40  21.71 
Others     38,914.5 46.76             3,852.54    4.03 
Total     83,228.40     100.00           95,687.75     100.00 
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