
1 
 

Supplementary Materials 

 

Appendix A. Life cycle inventory of MSW and IBA management scenarios. 

Appendix B. Parameters of CalTOX and CBA. 

Appendix C. Questionnaire document. 

Appendix D. Detail LCA, CBA, and AHP results.  



2 
 

Appendix A. Life cycle inventory of MSW and IBA management scenarios 

 

Table A-1. Life cycle inventory of the current MSW management. 

 

Functional unit: 1ton MSW 
INPUT DATA UNITS Transpor 

tation 

Incineration Sc.0-BA 

transpor 

tation 

Sc.0-BA 

landfill 

Fly ash 

transport 

tation 

Fly ash 

stabilization 

and landfill 

Metal 

transport 

tation 

Diesel MJ 5.00E+01 1.57E+01 2.37E+00 5.50E-01 4.74E-01 1.62E+00 5.31E-03 

Electricity MJ  3.11E+02    5.52E-01  

Gasoline MJ  1.86E+01      

Activated carbon Kg  2.10E-01      

Aqueous 

ammonia 

Kg  
7.30E-01 

     

Slaked lime Kg  7.86E+00      

Cement Kg  1.51E+00    3.60E+00  

Urea Kg  1.10E+01      

Water m
3
  4.36E-01    1.08E-02  

Chelating agent Kg      1.26E+00  

Emissions to air         

CO2 Kg 3.29E+00 1.65E+02 1.56E-01 1.11E+01 3.11E-02  3.49E-04 

CO Kg  3.00E-02  1.91E-02    

SO2 Kg 5.14E-03 1.00E-02 2.44E-04 1.28E-06 4.87E-05  5.47E-07 

CH4 Kg    4.80E+00    

HCl Kg  8.90E-03  2.29E-03    

CH2Cl2 Kg    1.34E-03    

HF Kg  1.33E-03  4.96E-04    

H2S Kg    2.31E-01    

NOx Kg 3.00E-02 2.40E-01 1.42E-03 2.18E-05 2.84E-04  3.19E-06 

N2O Kg    1.82E-06    

NH3 Kg  1.10E-02  8.23E-04    

Sb Kg  1.77E-05      

As Kg  2.16E-05      

Cd Kg  1.72E-05      

Cr Kg  1.29E-05      

Co Kg  3.73E-06      

Cu Kg  1.60E-05      

Pb Kg  1.33E-04      

Mn Kg  1.50E-05      

Hg Kg  7.47E-06      

Ni Kg  1.20E-05      

Tl Kg  7.54E-06      

V Kg  3.44E-06      

TSP Kg  1.84E-02      

PM10 Kg 4.29E-03  2.03E-04 2.02E-02 4.06E-05  4.56E-07 

VOCs Kg 5.43E-03  2.57E-04  5.14E-05  5.77E-07 

PCDD+PCDF Kg  3.44E-11      
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Table A-1. Life cycle inventory of the current MSW management (continued). 

 

 

Functional unit: 1ton MSW 

INPUT DATA UNITS Transpor 

tation 

Incineration Sc.0-BA 

transpor 

tation 

Sc.0-BA 

landfill 

Fly ash 

transport 

tation 

Fly ash 

stabilization 

and landfill 

Metal 

transport 

tation 

Emissions to 

water 

        

Wastewater m
3
  8.50E-02  2.71E-05  1.08E-02  

COD Kg    1.36E-01    

TOC Kg    5.54E-02    

CaCO3 Kg    1.74E-01    

NH3 Kg    3.68E-03    

Ca
2+

 Kg    4.95E-02    

Cl
-
 Kg    2.85E-02    

Mg
2+

 Kg    2.13E-02    

K Kg    1.82E-02    

SO4
2-

 Kg    4.49E-02    

Sb Kg    2.88E-12    

As Kg    4.51E-13    

Cd Kg    1.47E-03    

Cr Kg    5.79E-04    

Cu Kg    2.88E-12    

Pb Kg    6.70E-03    

Mn Kg    6.72E-12    

Hg Kg    6.30E-05    

Ni Kg    2.88E-12    

Fe Kg    8.64E-12    

V Kg    4.13E-13    

Zn Kg    1.25E-11    

Ba Kg    2.88E-12    

Na Kg    4.80E-08    

Al Kg    4.80E-12    

B Kg    3.14E-10    

Co Kg    1.63E-13    

Mo Kg    2.50E-11    

Si Kg    3.84E-10    

Incineration 

waste 

        

Iron Kg  2.60E-01      

Fly ash Tonne  3.60E-02      

Bottom ash Tonne  1.80E-01      

Electricity MJ  3.11E+02      
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Table A-2. Life cycle inventory of the IBA scenarios transportation. 

 

Functional unit: 1 ton MSW 

Input data Units BA 

transport. to 

pretreatment 

Metal to 

recycle 

Uncombustibles 

to incineration 

Sc.1-AC to 

pretreat. 

Sc.1-Natural 

aggregate to 

pretreat. 

Diesel MJ 1.01E-01 5.92E-03 1.01E-06 2.78E+00 4.35E+01 

Emissions to 

air 

      

CO2 Kg 6.62E-03 3.89E-04 6.62E-08 1.83E-01 2.86E+00 

SO2 Kg 1.04E-05 6.09E-07 1.04E-10 2.86E-04 4.48E-03 

NOx Kg 6.05E-05 3.55E-06 6.05E-10 1.67E-03 2.61E-02 

PM10 Kg 8.64E-06 5.08E-07 8.64E-11 2.39E-04 3.73E-03 

VOCs Kg 1.09E-05 6.43E-07 1.09E-10 3.02E-04 4.73E-03 

Input data Units 

Sc.2-Cement 

to pretreat. 

Sc.2- Natural 

aggregate to 

pretreat. 

Sc.3- Cement to 

pretreat. 

Sc.3- 
Natural 

aggregate 

to pretreat. 

Sc.4-BA 

transport. to 

China 

Landfill 

Diesel MJ 2.79E+00 4.35E+01 1.17E+01 3.68E+02 1.12E+01 

Emissions to 

air 
      

CO2 Kg 1.83E-01 2.86E+00 7.70E-01 2.42E+01 7.35E-01 

SO2 Kg 2.87E-04 4.48E-03 1.21E-03 3.79E-02 1.15E-03 

NOx Kg 1.67E-03 2.61E-02 7.03E-03 2.21E-01 6.71E-03 

PM10 Kg 2.39E-04 3.73E-03 1.00E-03 3.16E-02 9.59E-04 

VOCs Kg 3.03E-04 4.73E-03 1.27E-03 4.00E-02 1.21E-03 
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Table A-3. Life cycle inventory of the IBA pretreatment. 

 

Functional unit: 1ton MSW 

IBA pretreatment 

Input data Units Aggregates 

classify 

Input data Units Aggregates 

washing 

Diesel MJ 7.75E+00 Electricity MJ 7.21E-01 

Electricity MJ 3.39E+00 Water L 1.35E-01 

Water L 6.75E-02 Emissions to water 

Emissions to air Wastewater L 1.35E-01 

CO2 Kg 4.35E-02 COD Kg 8.72E-06 

SO2 Kg 6.80E-05 BOD Kg 2.86E-06 

NOx Kg 3.97E-04 SS Kg 9.86E-07 

PM10 Kg 5.670E-05 NO3
-
 Kg 6.12E-06 

VOCs Kg 7.18E-05 Sb Kg 2.57E-08 

Emissions to water As Kg 1.35E-02 

Wastewater L 6.75E-02 Cd Kg 4.05E-09 

COD Kg 4.36E-06 Cr Kg 1.35E-08 

BOD Kg 1.43E-06 Cu Kg 1.53E-07 

SS Kg 4.93E-07 Pb Kg 1.35E-08 

NO3
-
 Kg 3.06E-06 Mn Kg 4.24E-07 

Sb Kg 1.28E-08 Hg Kg 1.35E-09 

As Kg 6.75E-09 Ni Kg 1.62E-08 

Cd Kg 2.03E-09 Tl Kg 1.35E-08 

Cr Kg 6.75E-09 V Kg 1.35E-08 

Cu Kg 7.63E-08 Zn Kg 1.53E-06 

Pb Kg 6.75E-09 Ba Kg 1.32E-07 

Mn Kg 2.12E-07 Se Kg 1.35E-08 

Hg Kg 6.75E-10 Ag Kg 1.35E-08 

Ni Kg 8.10E-09 Sn Kg 1.35E-08 

Tl Kg 6.75E-09 Input data 

V Kg 6.75E-09 Electricity MJ 1.02E+00 

Zn Kg 7.65E-07 Emissions to air 

Ba Kg 6.62E-08 PM10 Kg 2.58E-05 

Se Kg 6.75E-09    

Ag Kg 6.75E-09    

Sn Kg 6.75E-09    

Output data    

Iron Tonne 1.62E-02    

Copper Tonne 7.20E-03    

Aluminum Tonne 7.20E-03    

Unburned 

substances 

Tonne 1.80E-03    
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Table A-4. Life cycle inventory of natural aggregate production. 

 

Function unit: 1 ton natural aggregates 

Natural aggregates production 

Input data Units Aggregates mining 

Diesel MJ 2.10E+01 

Emission to air 

PM10 Kg 2.03E-03 

Input data Units Aggregates transport. 

Diesel MJ 2.10E+01 

Emission to air   

CO2 Kg 1.38E+00 

SO2 Kg 2.16E-03 

NOx Kg 1.26E-02 

PM10 Kg 1.80E-03 

VOCs Kg 2.28E-03 

Input data Units Aggregates shredding 

Diesel MJ 1.68E+00 

Electricity MJ 6.55E+00 

Water L 6.60E-02 

Emission to air   

CO2 Kg 1.10E-01 

SO2 Kg 1.73E-04 

NOx Kg 1.01E-03 

PM10 Kg 2.33E-04 

VOCs Kg 1.82E-04 

Emission to water   

Wastewater L 6.60E-02 
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Table A-5. Life cycle inventory of cement production. 

 

Function unit: 1 ton cement 

Cement production 

Input data Units Material mining Input data Units Coal 

grinding 

Electricity MJ 4.77E+01 Electricity MJ 1.98E+01 

Emission to air Hard coal Kg 9.20E+01 

CO2 Kg 2.06E+01 Emission to air 

CO Kg 4.00E-02 CO2 Kg 1.17E+01 

SO2 Kg 5.00E-02 CO Kg 2.00E-04 

NOx Kg 1.60E-01 SO2 Kg 5.00E-02 

PM10 Kg 2.00E-02 NOx Kg 1.10E-01 

Emission to water PM10 Kg 6.00E-03 

Chloride Kg 1.00E-01 Emission to water 

SO4
2-

 Kg 1.00E-02 Chloride Kg 1.85E+00 

Input data Units Raw materials 

transportation 

SO4
2-

 Kg 6.00E-02 

Diesel MJ 2.20E+00 Input data Units Clinker 

kiln 

Emission to air Electricity MJ 1.42E+02 

CO2 Kg 1.64E+01 Emission to air 

CO Kg 6.00E-03 CO2 Kg 5.62E+02 

SO2 Kg 1.00E-04 CO Kg 7.00E-03 

NOx Kg 2.90E-02 SO2 Kg 1.20E-01 

PM10 Kg 7.00E-04 NOx Kg 4.60E-01 

Input data Units Raw materials 

production 

PM10 Kg 9.00E-02 

Electricity MJ 6.84E+01 Emission to water 

Limestone Kg 7.90E+02 Chloride Kg 2.50E-01 

Shale Kg 5.40E+01 SO4
2-

 Kg 1.20E-01 

Sandstone Kg 
2.77E+01 

Input data Units Cement 

grinding 

Iron powder Kg 1.70E+01 Electricity MJ 8.77E+01 

Emission to air Limestone Kg 5.10E+02 

CO2 Kg 3.68E+01 Clay Kg 2.18E+02 

CO Kg 5.00E-03 Gypsum Kg 5.15E+01 

SO2 Kg 1.70E-02 Emission to air 

NOx Kg 3.00E-02 CO2 Kg 2.21E+01 

PM10 Kg 3.30E-01 CO Kg 1.00E-02 

Emission to water SO2 Kg 2.00E-02 

Chloride Kg 1.70E-01 NOx Kg 6.00E-02 

SO4
2-

 Kg 8.00E-02 PM10 Kg 4.00E-02 

   Emission to water 

   Chloride Kg 1.10E-01 

   SO4
2-

 Kg 5.00E-02 
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Table A-6. Life cycle inventory of Scenario 1- AC production and road paving. 

 

Function unit: 1 ton MSW 

Input data Units Sc.1-AC production and road 

paving  

Diesel MJ 2.02E+01 

Electricity MJ 6.41E+00 

Heavy oil MJ 3.64E+02 

Natural aggregate Kg 5.40E+02 

Bottom ash Kg 1.80E+02 

Bitumen Kg 3.83E+01 

Bitumen emulsion Kg 3.99E-01 

Water Kg 3.99E-01 

Emissions to air   

CO2 Kg 4.02E+00 

CO Kg 4.44E-03 

SO2 Kg 2.21E-02 

NOx Kg 4.41E-02 

N2O Kg 8.51E-05 

PM10 Kg 4.71E-03 

VOC Kg 1.33E-05 

HC Kg 2.39E-03 

CH4 Kg 4.52E-06 

Emissions to water   

COD Kg 6.01E-05 

N-total Kg 1.27E-05 

Oil Kg 1.99E-05 

Phenol Kg 2.87E-05 

As Kg 5.01E-06 

Cd Kg 8.38E-07 

Cr Kg 7.74E-06 

Cu Kg 7.79E-05 

Ni Kg 5.43E-06 

Pb Kg 1.06E-06 

Zn Kg 7.23E-06 
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Table A-7. Life cycle inventory of Scenario 2 and Scenario 3- CC production and 

road paving. 

 

Function unit: 1 ton MSW 

Input data Units Sc.2-CC production and road 

paving* 

Sc.3-CC production and road 

paving* 

Diesel MJ 1.58E+01 9.42E+01 

Electricity MJ 2.95E+01 1.76E+02 

Water L 7.34E+01 4.38E+02 

Natural aggregate Kg 5.40E+02 4.57E+03 

Bottom ash Kg 1.80E+02 1.80E+02 

Cement Kg 1.29E+02 5.41E+02 

Emissions to air    

CO2 Kg 6.61E+00 4.55E+01 

CO Kg 5.02E-03 3.65E-02 

SO2 Kg 4.23E-02 2.56E-01 

HCl Kg 1.09E-03 6.52E-03 

NOx Kg 4.24E-02 3.06E-01 

N2O Kg 1.02E-04 7.43E-04 

CH4 Kg 1.81E-04 1.09E-03 

HC Kg 2.57E-03 1.90E-02 

PM10 Kg 6.18E-03 3.89E-02 

VOCs Kg 4.23E-05 2.83E-04 

Emissions to water    

COD Kg 6.41E-05 4.73E-04 

N-total Kg 1.34E-05 7.94E-05 

Oil Kg 2.12E-05 1.56E-04 

Phenol Kg 3.06E-05 2.25E-04 

As Kg 5.01E-06 3.63E-05 

Cd Kg 8.38E-07 1.79E-06 

Cr Kg 7.74E-06 1.18E-05 

Cu Kg 7.79E-05 1.22E-04 

Ni Kg 5.43E-06 2.72E-05 

Pb Kg 1.06E-06 3.60E-06 

Zn Kg 7.23E-06 3.37E-05 

* Sc. 2: pretreated IBA is used to replace 25% of natural aggregate in cement concrete; Sc.3: pretreated IBA 

is used to replace 25% of cement in cement concrete 
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Appendix B. Parameters of CalTOX and CBA. 

 

Table B-1. Parameter values used in CalTOX model. 

 

Parameter Value Parameter Value 

Area 3.03E7 rhos_d 2.65E3 

rain 7.03E-3 beta_d 6.23E-1 

runoff 5.7E-3 bury_d 1E-6 

rhob_a 7.8E-8 Temp 295.4 

v_d 5.12E2 foc_s 2.25E-2 

bio_inv 7E-1 foc_v 4.02E-2 

bio_dm 2E-1 foc_q 2.9E-6 

rho_p 1E3 foc_d 4E-2 

recharge 1.4E-3 del_ag 2E-1 

evaporate 2.45E-3 v_w 283200 

d_g 1E-2 BW 6.45E1 

rhos_s 1.73E3 SAb 1.51E0 

beta_g 3.93E-1 BRa 1.15E-2 

alpha_g 2.85E-1 BRr 6.45E-3 

erosion_g 8.23E-5 lsl 5E-5 

d_s 7.94E-1 Kpa_part 3.3E3 

beta_s 2.08E-1 rainsplash 3.4E-3 

alpha_s 2.47E-1 VRbath 1E0 

d_v 6.5E-1 VRhouse 7.5E2 

beta_v 2.08E-1 ETsb 2.12E-1 

alpha_v 2.24E-1 ETai 1.5E1 

d_q 7.5E0 ETao 1E0 

beta_q 2.65E3 ETri 8E0 

f_arw 4.41E-2 dust_in 3E-8 

d_w 4.4E0 EFsl 1.37E2 

rhob_w 5.38E-2 Slsk 5E-1 

deposit 1.05E1 ED 7E1 

d_d 5E-2 AT 2.8E4 
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Table B-2.  Parameter values used in CBA . 

 

Parameter Units (MOP) Value 

Transportation (diesel) $/l 12.3 

Maintenance $/yr.-vehicle 20,000 

Manpower $/yr.-person 586,681 

Expected life of 

construction 

year 30 

Expected life of 

machine 

year 20 

Discounted rate % 3 

Electricity $/Kwh 1.432 

Water $/l 5.59 

Chemicals $/kg 30 

Ferrous metal sale $/kg 0.4 

Aluminum sale $/kg 4.5 

Copper sale $/kg 20 

Natural aggregate $/ton 158 

AC $/ton 900 

Cement $/ton 840 
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Appendix C. Questionnaire document 

An email was sent to 8 experts explaining the research and asking for their 

professional and academic contribution by way of a questionnaire. Each email 

included a document with the questionnaire, and the sections from the attached 

document are described below: 

• Part 1 was a brief introduction of the current state of solid waste management in 

Macao and AHP 

• Part 2 showed the five different hierarchical levels in the research structure, as 

well as the scenarios constructed, as discussed in the methods section 

• Part 3 included questionnaire instructions on the manner of questions and answer 

options. Experts would answer each question comparing two options with a 

number 1 through 9, 1 meaning that both options were equally important, to 9 

meaning one option is unquestionably more important than the other.   

• Part 4 was an example question and description and notes to consider 

• Part 5 was the questionnaire itself which included 7 questions, which will be 

listed in further detail below 

• Part 6 asked for demographic and individual information 

Questions asked of each of the expert are described below: 

1. First level: Goals - asked about the relative importance of environmental, 

economic, social, and legal aspects, in pairwise comparisons. 

2. Second level: Environmental Aspects - asked about the relative importance of 

human health, ecosystem quality, climate change, and natural resources 

3. Third Level: Human Health - asked about the relative importance of 

carcinogenic pollutants, non-carcinogenic pollutants, organic inhaled pollutants, 

inorganic inhaled pollutants, radiation, and ozone depletion. 

4. Third level: Ecosystem Quality - asked about the relative importance of aquatic 

toxicity, terrestrial toxicity, aquatic acidification/nitrification, terrestrial 

acidification/nitrification, and land usage  

5. Third Level: Natural Resources - asked about the relative importance of mineral 

extraction vs non-renewable electricity generation 

6. Social Aspects: asked each expert to rank the acceptability of each of the 5 

scenarios 

7. Legal Aspects: asked each expert to rank the completeness of policy regarding 

each of the 5 scenarios 
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Appendix D.  Detail LCA, CBA, and AHP results. 

 

Fig. D-1. Relative midpoint impact of each IBA management scenarios (Sc.0: 

Incinerator bottom ash (IBA) and construction and demolition waste are buried 

together (current status); Sc.1: pretreated IBA is used to replace 25% of natural 

aggregate in asphalt concrete; Sc.2: pretreated IBA is used to replace 25% of natural 

aggregate in cement concrete; Sc.3: pretreated IBA is used to replace 25% of cement 

in cement concrete; Sc.4: pretreated IBA is sent to China and blended with municipal 

solid waste for landfill).  
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Fig. D-2. Carcinogenic and non-carcinogenic human toxicity potential calculated by 

CalTOX and Impact 2002+. 
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Table D-1. Midpoint impacts for the four IBA management scenarios. 

 

  

Category Unit Sc.0 Sc.1 Sc.2 Sc.3 Sc.4 

Carcinogens kg C2H3Cl eq. 1.77E-03 4.80E-01 6.03E-02 4.80E-01 3.12E-01 

Non-carcinogens kg C2H3Cl eq. 1.21E-01 3.68E-01 4.55E-02 2.62E-01 3.39E-02 

Respiratory inorganics PM 2.5 eq. 1.18E-02 7.98E-02 8.91E-02 4.95E-01 3.31E-02 

Ionizing radiation Bq C-14 eq. 6.81E-01 4.20E+02 6.44E+01 3.47E+02 1.82E+01 

Ozone layer depletion kg CFC-11 eq. 2.77E-08 1.99E-04 1.15E-06 8.80E-06 8.95E-06 

Respiratory organics kg C2H4 eq. 2.93E-02 2.21E-01 1.16E-02 1.04E-01 1.13E-01 

Aquatic ecotoxicity Kg TEG water 3.03E+03 1.51E+04 1.84E+03 7.52E+03 3.99E+03 

Terrestrial ecotoxicity Kg TEG soil 2.19E+00 2.57E+03 4.12E+02 1.66E+03 4.25E+01 

Aquatic acidification kg SO2 eq. 4.50E-01 5.03E-01 5.05E-01 2.57E+00 1.84E-01 

Aquatic eutrophication kg PO4 P-lim 3.01E-03 1.71E-03 7.82E-04 6.29E-03 3.17E-04 

Terrestrial acid/nutrient kg SO2 eq. 3.52E-02 1.90E+00 2.14E+00 1.20E+01 9.08E-01 

Land occupation m
2
 org. arable 2.92E-04 2.32E-01 1.14E-01 4.97E-01 9.26E-03 

Global warming Kg CO2 eq. 4.52E+01 6.73E+01 1.24E+02 4.67E+02 2.82E+01 

Non-renewable energy MJ primary 3.35E+00 2.52E+03 5.58E+02 2.47E+03 1.82E+02 

Mineral extraction MJ surplus 1.34E-03 4.20E-01 3.80E-01 8.75E-01 2.84E-01 
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Table D-2. Sensitivity analysis of bottom ash recycling ratio from 25% to 10%.  

 

Impact category 
Sc. 1 Sc. 2 Sc. 3 

replace NA in AC replace NA in CC replace cement in CC 

Total impact 95.7% 92.1% 98.2% 

Human health 88.9% 88.3% 97.4% 

Ecosystem quality 97.9% 94.5% 98.7% 

Climate change 90.8% 95.6% 99.0% 

Resources 98.3% 89.0% 97.4% 

* Values in the table are the ratio comparing with original impact; NA: natural aggregate; AC: asphalt 

concrete; CC: cement concrete. 
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Table D-3. Summary statistics of Monte Carlo simulation for cement production 

(1,000 runs). 

Impact category Mean Standard deviation Coefficient of variation 

Single score 0.126 0.0172 13.60% 

Climate change 0.0757 0.0090  11.90% 

Ecosystem quality 0.0024 0.0006  25.30% 

Human health 0.0259 0.0037  14.20% 

Resources 0.0223 0.0112  50.30% 
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Table D-4. Cost and benefit analysis of each stage for the 4 IBA management 

scenarios. 

Scenario Stage Item 
Cost/Benefit Subtotal 

Total 
(MOP$ / ton MSW) 

0 

Transport to 

landfill 

Transport -0.695  

-16.5 

-19.6  

O & M -0.067  

Manpower -15.758  

Landfill 

Transport -1.114  

-3.1 O & M -0.058  

Manpower -1.970  

1 

Ash  to concrete 

plant 

Transport -0.030  

-15.8 

597.0  

O & M -0.003  

Manpower -15.758  

Pretreatment 

Transport -11.651  

141.3 
O & M -20.133  

Manpower -9.849  

Sell 182.880  

Natural aggregate 

to concrete plant 

Transport -12.769  

-33.7 O & M -1.237  

Manpower -19.698  

Asphalt to concrete 

plant 

Transport -0.817  

-3.4 O & M -0.139  

Manpower -2.462  

Concrete plant 

Transport -45.011  

508.6 
O & M -133.906  

Manpower -7.387  

Sell 694.858  

2 

Ash  to concrete 

plant 

Transport -0.030  

-15.8 

370.0  

O & M -0.003  

Manpower -15.758  

Pretreatment 

Transport -11.651  

141.3 
O & M -20.133  

Manpower -9.849  

Sell 182.880  

Natural aggregate 

to concrete plant 

Transport -12.769  

-33.7 O & M -1.237  

Manpower -19.698  

Cement to concrete 

plant 

Transport -0.817  

-5.8 O & M -0.083  

Manpower -4.924  

Concrete plant 

Transport -3.850  

284 
O & M -93.016  

Manpower -7.387  

Sell 388.264  

*The positive values in the table indicate benefits from concrete and recyclables sale. 



19 
 

 

Table D-4. Cost and benefit analysis of each stage for the 4 IBA management 

scenarios (continued). 

 

Scenario 

 
Stage Item 

Cost/Benefit Subtotal Total 

(MOP$ / ton MSW) 
 

3 

Ash  to concrete 

plant 

Transport -0.030  

-15.8 

1479.1  

O & M -0.003  

Manpower -15.758  

Pretreatment 

Transport -11.651  

141.3 
O & M -20.133  

Manpower -9.849  

Sell 182.880  

Natural aggregate 

to concrete plant 

Transport -108.083  

-273 O & M -9.744  

Manpower -155.121  

Cement to concrete 

plant 

Transport -3.437  

-23.5 O & M -0.333  

Manpower -19.698  

Concrete plant 

Transport -3.850  

1649.9 
O & M -614.474  

Manpower -7.387  

Sell 2275.647  

4 

Ash  to concrete 

plant 

Transport -0.030  

-15.8 

  

O & M -0.003  

-20.0 

Manpower -15.758  

Pretreatment 

Transport -11.651  

141.3 
O & M -20.133  

Manpower -9.849  

Sell 182.880  

Transport to China 

landfill 

Transport -4.257  

-19.3 O & M -0.298  

Manpower -14.773  

Landfill 

Transport -30.960  

-126.2 O & M -15.264  

Manpower -80.023  

*The positive values in the table indicate benefits from concrete and recyclables sale. 
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Table D-5. Normalised environmental impacts and their weights 

 

a.
 Normalised values are derived from Table D-1. The 4 COCs HTP of Carcinogens and 

non-carcinogens were substituted by CalTOX results in DALY. 

b. 
SAW: simple additive weight. 

c.
 Total weight of environmental aspect. 

d.
 Normalised values are derived from Table 3. 

e. 
Normalised values are derived from Table 4. 

 

Criteria Category Sc.0 Sc.1 Sc.2 Sc.3 Sc.4 Weight 

E
n

v
ir

o
n

m
en

ta  

Carcinogens 0.3688  0.1258  1.0000  0.1260  0.1941  0.061 

Non-carcinogens 0.0194  0.0928  0.7323  0.1299  1.0000  0.023 

Respiratory inorganics 1.0000  0.1483  0.1329  0.0239  0.3570  0.020  

Ionizing radiation 1.0000  0.0016  0.0106  0.0020  0.0374  0.033  

Ozone layer depletion 1.0000  0.0001  0.0241  0.0031  0.0031  0.022  

Respiratory organics 0.3949  0.0525  1.0000  0.1116  0.1029  0.030  

Aquatic ecotoxicity 0.6057  0.1219  1.0000  0.2443  0.4599  0.025  

Terrestrial ecotoxicity 1.0000  0.0009  0.0053  0.0013  0.0515  0.011  

Aquatic acidification 0.4087  0.3664  0.3645  0.0715  1.0000  0.014  

Aquatic eutrophication 0.1054  0.1860  0.4057  0.0504  1.0000  0.013  

Terrestrial acid/nutrient 1.0000  0.0185  0.0165  0.0029  0.0388  0.010  

Land occupation 1.0000  0.0013  0.0026  0.0006  0.0316  0.020  

Global warming 0.6241  0.4194  0.2276  0.0603  1.0000  0.063  

Non-renewable energy 1.0000  0.0013  0.0060  0.0014  0.0184  0.023  

Mineral extraction 1.0000  0.0032  0.0035  0.0015  0.0047  0.022  

SAW
b
 score 0.2829  0.0537  0.1771  0.0290  0.1701  0.390

c
 

E
co

n

o
m

ic
d
 CBA -0.0133 0.4036  0.2502  1.0000  -0.0135 0.352  

SAW score -0.0047  0.1421  0.0881  0.3520  -0.0048  - 

S
o

ci
al

e  

Fuzzy LV 0.3333  1.0000  1.0000  1.0000  0.6667  0.144 

SAW score 0.0480  0.1440  0.1440  0.1440  0.0960  - 

L
eg

al
e  Fuzzy LV 1.0000  0.6667  0.6667  0.6667  0.3333  0.114 

SAW score 0.1140  0.0760  0.0760  0.0760  0.0380  - 

Final Score 0.4403  0.4157  0.4851  0.6010  0.2993  - 


