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Abstract 

At present, e-waste has become one of the fastest growing waste streams in the 

world. Due to large generation of e-waste and lack of the related laws and treatment 

facilities, Macau is currently faced with an urgent need to find methods of dealing with 

e-waste. Therefore, the aim of this study is to learn the status of e-waste, and look for 

the suitable methods to solve the potential e-waste issues in Macau. 

Firstly, the questionnaire survey was carried out to investigate the e-waste status by 

face to face interview in Macau. Through the survey, we investigated the residents‘ 

behaviors, estimated the generation, and flows of e-waste in the households. In 

addition, we also analyzed the residents‘ willing to pay (WTP) for recycling the 

e-waste in Macau to learn the reasons why they don‘t want to pay and the key factors 

to influence the WTP.  

Secondly, the whole life cycle of e-products was evaluated to learn the current 

environmental performance by Life Cycle Assessment (LCA) method. The desktop 

PC was chosen as the typical e-product, because it can lead to general observations 

and information that can be valuable for the entire e-product industry.  

The recycling technologies in mainland China were chosen as the feasible 

technologies in Macau by comparing with other three recycling technologies, and 

were adopted in the trial project which was carried out in 2011-2012. In this part, the 

basic information of trial project was also introduced to learn the detail of e-waste 

treatment processes. 

Finally, the trial project and e-waste treatment enterprises in mainland China were 

evaluated based on the LCA method and Emergy analysis. Through this part, we can 

understand the economic and environmental performance of e-waste treatment, and 

at the same time, the comparison of results will help us to learn the regional 
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difference of e-waste treatment. 

Overall, relevant results could provide decision support to enterprise managers and 

government sectors, so that they could draw up appropriate laws and policies to 

promote sustainable development of e-waste treatment in Macau. 

  



 

iv 

Table of Contents 

Acknowledgements ........................................................................................................ i 

Abstract ......................................................................................................................... ii 

Table of Contents ......................................................................................................... iv 

List of Tables ................................................................................................................ vi 

List of Figures ............................................................................................................. vii 

Glossary ........................................................................................................................ ix 

List of Abbreviations ..................................................................................................... x 

Chapter 1 Introduction .................................................................................................. 1 

1.1 General background .................................................................................... 1 

1.2 Specific background .................................................................................... 2 

1.2.1 Definitions ........................................................................................ 2 

1.2.2 Composition and characteristics....................................................... 3 

1.2.3 Laws and policies ............................................................................. 7 

1.2.4 Treatment and disposal system ....................................................... 10 

1.3 Research Goals and Objectives ................................................................. 14 

1.4 Research Methodology and Design ........................................................... 16 

1.4.1 LCA method ................................................................................... 16 

1.4.2 Emergy analysis ............................................................................. 25 

1.5 Potential Contributions .............................................................................. 30 

1.6 Organization of the Thesis ........................................................................ 31 

1.7. Statement of Originality ........................................................................... 32 

Chapter 2 Status research of e-waste in Macau ........................................................... 34 

2.1 Introduction ............................................................................................... 34 

2.2 E-waste source in Macau ........................................................................... 36 

2.3 Methodology ............................................................................................. 37 

2.3.1 Household questionnaires .............................................................. 37 

2.3.2 Survey modes ................................................................................. 38 

2.3.3 Sampling size and sample distribution ........................................... 38 

2.3.4 Estimation method for e-waste generation ..................................... 39 

2.3.5 Willingness to pay for recycling e-waste ....................................... 40 

2.4. Results and discussion .............................................................................. 42 

2.4.1 Socioeconomic characteristics of the respondents ......................... 42 

2.4.2 E-waste generation in Macau ......................................................... 43 

2.4.3 Flow direction of e-waste ............................................................... 46 

2.4.4 Residents‘ behavior of discarding e-products ................................ 47 

2.4.5 Residents‘ attitudes toward e-waste in Macau ............................... 50 

2.4.6 Residents‘ WTP for recycling e-waste in Macau ........................... 53 

2.4.7 Informal treatment and disposal ..................................................... 59 

2.6 Brief summary ........................................................................................... 62 

Chapter 3 Environmental performance of e-products in Macau ................................. 64 

3.1 Introduction ............................................................................................... 64 

3.2 Materials and Methods .............................................................................. 66 

3.2.1 Goals and scope .............................................................................. 66 

3.2.2 Life cycle inventory ....................................................................... 68 

3.2.3 Life cycle impact assessment ......................................................... 73 

3.3 Results and discussion ............................................................................... 74 

3.3.1 Environmental impacts of the complete life cycle of a PC ............ 74 

3.3.2 Details of the various life cycle phases .......................................... 78 



 

v 

3.4 Brief summary ............................................................................................ 88 

Chapter 4 Recycling technology and trial project in Macau ........................................ 91 

4.1Introduction ................................................................................................. 91 

4.2 Select of recycling technology ................................................................... 91 

4.2.1 Methodology ................................................................................... 91 

4.2.2 Results and discussions ................................................................... 93 

4.3 Trial project for e-waste ............................................................................. 94 

4.3.1 Basic information ............................................................................ 94 

4.3.2 Treatment equipment and technical routines................................... 95 

4.3.3 Operations of the trial projects ........................................................ 97 

4.3.4 Environmental performance .......................................................... 102 

4.4 Brief summary .......................................................................................... 105 

Chapter 5 Sustainability evaluation of e-waste treatment in Macau .......................... 106 

5.1 Introduction .............................................................................................. 106 

5.2 Materials and method ............................................................................... 108 

5.2.1 Study area ...................................................................................... 108 

5.2.2 Emergy analysis ............................................................................ 111 

5.2.3 LCA method .................................................................................. 119 

5.2.4 Emergy-LCA sustainability index ................................................. 121 

5.3 Sustainability evaluation of e-waste treatment in Mainland China ......... 121 

5.3.1 Emergy analysis of e-waste treatment enterprise .......................... 122 

5.3.2 Environment impacts of e-waste treatment enterprise .................. 132 

5.4 Sustainability evaluation of trial project in Macau .................................. 135 

5.4.1 Emergy-based accounting ............................................................. 135 

5.4.2 Emergy indices .............................................................................. 139 

5.4.3 Environment impacts of trial project ............................................ 142 

5.4.4 Emergy-LCA index ....................................................................... 145 

5.5 Brief summary .......................................................................................... 148 

Chapter 6 Conclusions ............................................................................................... 150 

6.1 Conclusions .............................................................................................. 150 

6.2 Limitations of Current Study ................................................................... 153 

6.3 Perspectives for Future Work................................................................... 154 

References .................................................................................................................. 155 

Curriculum Vitae ........................................................................................................ 163 

 
  



 

vi 

List of Tables 

Table 1-1 The resource composition of five kinds of typical e-waste ........................... 4 

Table 1-2 Potential environmental contaminants arising from E-waste disposal or 

recycling ...................................................................................................... 5 

Table 1-3 The laws and regulations of WEEE in China .............................................. 10 

Table 2-1 Sampling size and its distribution over the selected parishes ..................... 39 

Table 2-2 Data Requirements for E-waste Assessment............................................... 40 

Table 2-3 Basic socioeconomic information for the surveyed households ................. 43 

Table 2-4 Number of e-products owned in Macau households in 2010 (units) .......... 44 

Table 2-5 The average lifetime and weight of e-products in Macau ........................... 45 

Table 2-6 The number of households in Macau .......................................................... 45 

Table 2-7 The e-waste generation in Macau households (10,000 units) ..................... 46 

Table 2-8 The e-waste generation in Macau households (tons) .................................. 46 

Table 2-9 Reasons for abandoning electronic products in Macau (%)........................ 48 

Table 2-10 Disposal methods for unwanted electronic and electrical products in Macau 

(%) ............................................................................................................. 49 

Table 2-11 Recovery prices for five kinds of e-waste in Macau and mainland China 50 

Table 2-12 Three payment modes for e-waste disposal in Macau .............................. 54 

Table 2-13 Relationships between WTP and household characteristics ..................... 57 

Table 2-14 Distribution of responses by bid amount .................................................. 58 

Table 2-15 Estimation of WTP in Macau .................................................................... 59 

Table 3-1 Number of units and weight of net imported PCs in Macau ....................... 66 

Table 3-2 Electricity sources and composition in Macau............................................ 70 

Table 3-3 Values and assumptions for the various processing steps ........................... 72 

Table 3-4 Major contributors to the environmental impacts of a PC system (Pt) ....... 76 

Table 3-5 Main contributors to environmental impacts in the EoL phase (Pt) ........... 86 

Table 4-1 Collection and treatment amount of abandoned e-products ........................ 95 

Table 4-2 The dismantling of discarded PCs .............................................................. 98 

Table 4-3 The emissions to air (gas outlet) ............................................................... 103 

Table 4-4 The emissions to air (workshop) ............................................................... 104 

Table 4-5 Waste categories, sources and the disposal methods ................................ 104 

Table 5-1 The traditional emergy indices ................................................................... 113 

Table 5-2 Improved emergy indices ........................................................................... 116 

Table 5-3 Emergy –LCA sustainability index ........................................................... 121 

Table 5-4 Emergy analysis of e-waste treatment in mainland China ........................ 123 

Table 5-5 Dismantling subsidy from the government sector in mainland China ...... 126 

Table 5-6 Product emergy of an e-waste treatment enterprise in mainland China .... 126 

Table 5-7 The emergy indices of e-waste treatment enterprises in mainland China . 127 

Table 5-8 Emergy technical efficiency indices ......................................................... 131 

Table 5-9 Main contributions to environmental impacts of e-waste treatment process 

(mPt) .......................................................................................................... 134 

Table 5-10 Emergy analysis matrix of e-waste treatment in China .......................... 136 

Table 5-11 Waste emergy .......................................................................................... 138 

Table 5-12 Output emergy ......................................................................................... 139 

Table 5-13 Emergy indices of e-waste treatment enterprises in China ..................... 140 

Table 5-14 Major contributors to the environmental impact ..................................... 144 

Table 5-15 Emergy–LCA sustainability index .......................................................... 148 

  



 

vii 

List of Figures 

Fig.1-1 The composition and the precious metal of the mobile phone .......................... 4 

Fig.1-2 The produced emissions and general environmental pathways ........................ 6 

Fig.1-3 Detailed e-waste treatment system .................................................................. 12 

Fig.1-4 ISO Life cycle assessment and scope .............................................................. 19 

Fig.1-5 Definition and calculation of transformity ...................................................... 28 

Fig.1-6 Emergy system diagram .................................................................................. 29 

Fig.1-7 Research technical routine ............................................................................... 32 

Fig.2-1 The flow chart of e-waste in Macau households ............................................. 47 

Fig.2-2 Public understanding of e-waste hazards in Macau households ..................... 51 

Fig.2-3 Possible collection methods for e-waste in Macau.......................................... 53 

Fig.2-4 Discard into garbage bin .................................................................................. 60 

Fig.2-5 Informal dismantling and disposal processes .................................................. 61 

Fig.3-1 Geographical situation of production and distribution of desktop  ................ 68 

Fig.3-2 Recycling technology for the trial project in Macau ....................................... 71 

Fig.3-3 Environmental impacts over the entire life cycle of a desktop PC.................. 75 

Fig.3-4 Environmental impacts of different influence categories ................................ 78 

Fig.3-5 Environmental impacts of the manufacturing phase ....................................... 79 

Fig.3-6 Environmental impacts of the manufacturing phase of the desktop with CML 

method ............................................................................................................ 80 

Fig.3-7 Environmental impacts of manufacturing phase of the CRT screen with the 

CML method .................................................................................................. 80 

Fig.3-8 Environmental impacts of manufacturing phase of the LCD screen with the 

CML method .................................................................................................. 81 

Fig.3-9 Environmental impacts of the use phase ......................................................... 82 

Fig.3-10 Environmental impacts of the EoL phase ...................................................... 83 

Fig.3-11 Environmental impacts of the desktop with the CML method ...................... 84 

Fig.3-12 Environmental impacts of the CRT screen with the CML method ............... 85 

Fig.3-13 Environmental impacts of the LCD screen with the CML method ............... 85 

Fig.3-14 Comparison between CRT and LCD technologies ........................................ 88 

Fig.4-1 Environmental impacts of the various EoL scenarios ..................................... 94 

Fig.4-2 Two mobile equipments for recycling e-waste in trial project ........................ 96 

Fig.4-3 The recycling processes in the trial project ..................................................... 96 

Fig.4-4 The dismantling process of e-waste ................................................................ 97 

Fig.4-5 CRT treatment process .................................................................................... 99 

Fig.4-6 The dismantling components and flows .......................................................... 99 

Fig.4-7 PCB treatment process .................................................................................. 100 

Fig.4-8 The flow diagram of PCB treatment ............................................................. 101 

Fig.4-9 The part of product dismantled in the trial product ....................................... 102 

Fig.5-1 Recycling processes and product flows of e-waste treatment enterprise ...... 110 

Fig.5-2 Emergy flow diagram of a traditional emergy analysis system .................... 113 

Fig.5-3 Emergy flow diagram of an industrial system, incorporating waste emergy 115 

Fig.5-4 Sketch map of QEW index ............................................................................ 117 

Fig.5-5 Diagram of e-waste treatment enterprise emergy flows ................................ 119 

Fig.5-6 The waste emergy analysis ............................................................................ 125 

Fig.5-7 Environmental impacts of e-waste treatment enterprise ............................... 133 

Fig.5-8 Comparison of environmental impacts expressed by the different methods . 135 

Fig.5-9 Environmental impacts of e-waste treatment in the trial project ................... 143 



 

viii 

Fig.5-10 Environmental impacts of the various influence categories with the CML 

method ....................................................................................................... 145 

Fig.5-11 Emergy-LCA sustainability assessment ..................................................... 147 
 

  



 

ix 

Glossary 

Emergy: The amount of available energy of one type (usually solar) that is directly or 

indirectly required to generate a given output flow or storage of energy or matter. 

 

Emergy Density: Emergy stored in a volume unit of a given material. 

 

Emergy Flow: Any flow of emergy associated with inflowing energy or materials to a 

system/process. 

 

Emergy Sustainability Index: Emergy yield per unit of environmental loading. 

 

Emergy Yield Ratio: Total emergy released (used up) per unit of emergy invested. 

 

Environmental Loading Ratio: Total nonrenewable and imported emergy released 

per unit of local renewable resource. 

 

Transformity: Emergy investment per unit process output of available energy. 

 

White Goods: Heavy consumer durables such as air conditioners, refrigerators, stoves, 

etc., which used to be painted only in white enamel finish. Despite their availability in 

varied colors now, they are still called white goods. 

  

http://www.businessdictionary.com/definition/consumer-durables.html
http://www.businessdictionary.com/definition/finish.html
http://www.businessdictionary.com/definition/availability.html
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CVM   Contingent Valuation Method 

ELR   Environmental Loading Ratio 

EoL    End of Life 

E-product  Electrical and Electronic Product 

EP    Eutrophication Potential 

EPR   Extended Producer Responsibility 

ESI    Environmental Sustainability Index 

EU    European Union 

E-waste   Electrical and Electronic Waste 
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FAETP   Freshwater Aquatic Ecotoxicity Potential 
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HDD   Hard Disk Drive 
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MAETP   Marine Aquatic Ecotoxicity Potential 

MIP   Macau Incineration Plant 

MOP   Macau Pataca 

MSW   Municipal Solid Waste 

ODP   Ozone Layer Depletion Potential 

QWERTY  Quotes for Environmentally Weighted RecyclabiliTY 
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