Emergy Synthesis for Ecological Economical System

of Macao

Lei Kampeng

Supervisor: Prof. Wang Zhishi

SUBMITTED IN PARTIAL FULLFILLMENT OF THE REQUIREMENTS FOR
THE DEGREE OF
DOCTOR OF PHILOSOPHY
AT
UNIVERSITY OF MACAU

Department of Civil and Environmental Engineering
Faculty of Science and Technology
The University of Macau

2008-06-08



Contents

1. IIEOAUGHOIL +-++eseverssereesserssarsrrsessssnmmsssnssssssnssnsamasesssssnssssssessssssssssssstassassansssessasassssssesasans 1
1.1 BACKEIOUNA. ..covviieeeerererrnemtinreeartsassnceetess s teneenenessresaco st sosssananessessosnsmsencentisaansen 1
1.2 Social and Economic Characteristic of Macao........c..cooveevcinvvniicinnnvcisinnsecnnnn. 3
1.3 Research ObJEctiVe ... ceiiieeiceeee ettt sttt s sn e sn e st ntn 7
2. Emergy Synthesis - eeeeseesseresesseseensenmensersnsiecans eresesesrnrerriereees e ataresseraareeans 13
2.1 Theoretical background: Systems theory, Ecological Economics...................... 13
2.2 Energy Systems DIQEIam ......ccoccvveiirimernceniniinnnioscssiecsincnesnninsessssassssssassasssass 15
2.3 The Origination of Emergy Theory ........cccccovvreennninnnireesnrsnenasevesssssenesenns 17
2.4 Emergy calculating method.........cccooviirnioncnieiieer e sees s eaas 20

2.4.1 The Mathematic definition of Exergy, Emergy, Transformity of systems... 20

2.4.2 General Emergy calculating method .......e.ecoevervireerncenvercrceecreeceeeesnene 22
2.5. Indices of Emergy synthesis and the net €mergy ..........ceceevvererrevnvrrreesecennennens 23
2.6 Emergy Balance and StOrage........ccveueivierrerrinnerisssrsrersnsseeserssssssessssssossssssssssens 26
2.7 The Emergy Accounting of TOUTISI.........cccocviienennirirecerecrrsie e sennsasnesesesas 29
2.8. Statistic Analysis of Emergy INdicators .....c.cccoemrevereiririierereese e ccnrsncsneeseenns 35

3. Emergy Synthesis for Eco-economic Systems 0f Macag + -sswssseserssssssssssce 36
3.1. Emergy Synthesis for Eco-economic Systems of Macao in 2004.............e...... 36

3.1.1. Emergy flows for Macao in 2004.........cccovveveercenurrrensencnrinsmrerneceiesssssssmsses 38

3.1.2 Comparison the Emergy-based indices in five Cities........coovrrrcerrnrrrrnrereens 44
3.2. Time series Emergy and emergy-based indices of Macao ........coccvveeveveerrvenee. 52

3.2.1 The components of emMergy USed.........ccccoevrvveveccriiireniarsrcnmessssersesseneeesesnes 52

3.2.2 % Ren and emergy self-support ratio (Y6Free)....ccccvveeciverernecmiisecernennaes 56

3.2.3 Emergy used per capita and fuel emergy per capita...........ccccreercrcnrenneencans 57

3.2.4 Emergy exchange ratio and emergy yield ratio........cccoverecriveecrnnircsrennennnans 59

3.2.5 Emergy used, Em/$ ratio, and Emergy used per capita.........ccoevvreuvvevrennee 59

vi



3.2.6 Eemergy Investment Ratio, Environmantal Loading Ratio, Eemergy

Sustainability IndeX ..o aes 61

3.2.7 net emergy and net EMETZY TAtI0 ..o.ovvcviniiiiiinniiisiis s 62

3.3. Time-series Emergy Comparison of Italy, Sweden and Macao .........ccccccencee. 63

3.4 Statistical Analyses of Emergy Based Indicators..........cocevicrvicinnnicnnncnnninnnas 68

4, Tourism emergy analysis 0f Macao: - e esrrssrsimtmiamneintin st 70
4.1. Introduction for Tourism and Gambling Industry of Macao.......cceevermnnvaeiinans 70
4.2. Emergy Accounting for Macao;s ToUriSM ..ot 74

4.3 Conclusion of Macao’s TOULISI ... 84

5. Emergy Synthesis of Waste Treatment in Macag «- - rerseranmisersssissisiesnisnns 86
5.1 Introductioﬁ of Macao’s waste treatment .......c..ccvviiiiiiinniniiiionneeeos. 86

5.2 Emergy Accounting for the Waste 0f Macao ......ccccvumicnniininnnnnsienneciinias 88

5.3 Waste Emergy and Transformity of Macao ........cccoeininicincciniiscinnnniccnninnns 90
5.3.1 The Waste Emergy Synthesis 0f Macao......ccoecvverereneeeenernienincnecsessnens 90

5.3.2 Transformities of wastes in Macao........ccceenrcnnene e neiennesessesnsacos 95

5.4 Conclusions of the Wastes Emergy Analysis 0f Macao......cciieininsinnnennen 97

6. Conclusions and Futiure RESEarchs« -+ sssssrersirisisssssissssssossssssatasesssissssssssrssssnssasssasses 99
6.1 Methodological Findings and Conclusions ..........ccviiiccnnvnnisnnnesinsnnnennens 99

6.2 Topics for Future Research...........ccciririinriicimniincncniisinssissiisissesnes 102
Bibliography r+--rssrreeesssrsssrsssssssssnrsssssssssisstsssanss st s s 104
Appendix A Supplementary Tables st eecesseersssersssemmascarnsesisearsscrsommasnisscsssses 116
Appendix B Published Papers - essrsssrsessresresrsimsmi sttt 122
Appendix C Finished Researching Projects By Lei Kampeng:«e-sesereesesreseeeereniesrannee 125
Appendix D Studied M. Sc. Courses In Ph.D Period -+ swrsressessionsesscmnmrssessenniieenises 126

vii



	PHD007.pdf
	掃瞄0001.pdf

