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Table A.1 Soil series of cultivation areas of sugarcane. 

Province Soil series Cultivation area (ha) 
% cultivation area per 

total cultivation area 

Nakhon Sawan 52 37187.07 39 

 
28 9134.26 10 

 
6 8659.25 9 

Kamphaeng Phet 33 52085.87 58 

 
15 7177.03 8 

Sukhothai 33 25522.32 46 

 
7 7014.68 13 

 
38 6284.06 11 

 
15 5548.98 10 

Uthai Thani 40 14650.27 28 

 
44 4689.81 9 

 
55 4607.47 9 

Phetchabun 62 21964.20 42 

 
28 7794.96 15 

 
52 6736.04 13 

 36 4441.87 9 

Lampang 48 5886.57 52 

 
47 1552.17 14 

Uttaradit 33 2900.28 31 

 
47 1250.64 13 

 
49 1117.22 12 

 
15 877.60 9 

Phichit 33 4154.49 49 

 
7 2222.06 26 

 
38 1445.04 17 

 

 

Table A.2 Soil series of cultivation areas of cassava. 

Province Soil series Cultivation area (ha) 
% cultivation area per 

total cultivation area 

Kamphaeng Phet 35 57088.09 47 

 

46 19454.84 16 

 

48 11488.62 9 

Nakhon Sawan 35 11516.77 21 

 

29 9690.282 17 

 

44 6468.41 12 

 

46 5939.09 11 
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Table A.2  (Continued) 

Province Soil series Cultivation area (ha) 
% cultivation area per 

total cultivation area 

Kamphaeng Phet 35 57088.09 47 

 

46 19454.84 16 

 

48 11488.62 9 

Nakhon Sawan 35 11516.77 21 

 

29 9690.282 17 

 

44 6468.41 12 

 

46 5939.09 11 

Uthai Thani 44 6312.21 25 

 40 5094.57 20 

 35 2440.81 10 

 

37 2194.68 9 

Phetchabun 47 2538.22 31 

 

25 1669.85 21 

 

28 1093.52 13 

Uttaradit 35 1248.61 40 

 

40 465.261 15 

 

49 426.926 14 

 

48 322.25 10 

Sukhothai 48 1766.06 69 

 

49 348.18 14 

Chiang Rai 29 675.79 42 

 

30 508.61 32 
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Table B.1 Survey data of sugarcane and cassava plantations in northern Thailand. 

Activity  Value Sugarcane Cassava 

Total area (ha)  122,450 73,638 

Yield (ton/ha) Min 43.75 6.25 

 Max 187.50 50.00 

 Mean 78.91 22.90 

 Median 81.25 25.00 

 SD 14.53 6.62 

Diesel fuel for land preparation Min 6.25 6.25 

(L/ha) Max 62.50 50.00 

 Mean 15.93 18.08 

 Median 12.50 12.50 

 SD 6.07 7.37 

Diesel fuel for plantation Min 0.00 0.00 

(L/ha) Max 31.25 0.00 

 Mean 13.46 0.00 

 Median 12.50 0.00 

 SD 6.97 0.00 

Diesel fuel for harvesting Min 0.00 6.25 

(L/ha) Max 31.25 31.25 

 Mean 12.31 17.41 

 Median 12.50 12.50 

 SD 5.00 6.60 

Diesel fuel for transport to truck Min 6.25 0.00 

(L/ha) Max 31.25 31.25 

 Mean 14.05 9.42 

 Median 12.50 6.25 

 SD 5.28 6.35 

Fertilizers for land preparation    

   N (kg N/ha) Min 14.06 4.69 

 Max 287.50 234.38 

 Mean 76.68 61.86 

 Median 50.00 50.00 

 SD 45.27 42.09 

   P (kg P/ha) Min 0.00 0.00 

 Max 234.38 234.38 

 Mean 36.23 31.04 

 Median 25.00 25.00 

 SD 32.84 29.22 

   K (kg K/ha) Min 0.00 0.00 

 Max 234.38 234.38 

 Mean 39.55 33.71 

 Median 46.88 25.00 

 SD 38.07 30.80 
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Table B.1 (Continued). 

Activity  Value Sugarcane Cassava 

Fertilizers for crop maintenance Min 14.06 0.00 

   N (kg N/ha) Max 287.50 234.38 

 Mean 69.71 56.26 

 Median 50.00 46.88 

 SD 47.96 38.17 

   P (kg P/ha) Min 0.00 0.00 

 Max 234.38 234.38 

 Mean 40.20 39.27 

 Median 25.00 25.00 

 SD 35.65 34.58 

   K (kg K/ha) Min 0.00 0.00 

 Max 281.25 234.38 

 Mean 50.51 41.61 

 Median 46.88 46.88 

 SD 41.86 36.47 

Herbicides (kg/ha) Min 3.13 0.31 

 Max 46.88 106.50 

 Mean 8.09 17.42 

 Median 4.69 15.63 

 SD 5.72 12.18 
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Table C.1 GHG emissions of raw material, energy, and resource acquisition and 

utilization for sugarcane-based bioethanol. (Allocation by mass) 

Activity Unit Quantity 

(per FU) 

EF 

(kgCO2eq/

Unit) 

Allocation 

by mass 

(%) 

GHG emissions 

(kgCO2eq) 

Raw materials acquisition 

Sugar milling 

Input      

Unburned sugarcane kg 38.4537 0.0193 27 0.2004 

Burned sugarcane kg 59.3630 0.0571 27 0.9152 

Calcium hydroxide kg 0.1578 0.0366 27 0.0016 

Biocide kg 0.0006 1.0400 27 0.0002 

Precipitating agents kg 0.0004 1.4300 27 0.0002 

Sanitizer kg 0.0001 1.3325 27 0.0000 

Waterlock kg 0.0006 2.8008 27 0.0005 

Scale inhibitor kg 0.0018 1.9493 27 0.0009 

Enzyme (Amylase) kg 0.0009 1.1500 27 0.0003 

Sodium hydroxide kg 0.0171 1.1148 27 0.0051 

Butanedioic Acid kg 0.0001 1.3325 27 0.0000 

Water L 9.9744 0.0013 27 0.0035 

Steam kg 26.9409 0.0134 27 0.0975 

Electricity kWh 1.2528 0.1181 27 0.0399 

Diesel (Production) kg 0.0001 0.3282 27 0.0000 

Diesel (Combustion) L 0.0001 2.7080 27 0.0001 

Grease  kg 0.0008 1.0547 27 0.0002 

Lubricants kg 0.0008 0.8319 27 0.0002 

Output      

Bagasse kg 29.1931 0.0000 27 0.0000 

Filter cake kg 3.9902 0.0000 27 0.0000 

Waste water L 10.9844 0.0014 27 0.0042 

Bioethanol production 

Yeast L 0.0000 3.2040 100 0.0001 

Phosphoric acid kg 0.0000 1.4067 100 0.0001 

Ammonium sulfate kg 0.0012 2.8300 100 0.0034 

Diammonium sulfate kg 0.0000 2.8300 100 0.0000 

Sulfuric acid kg 0.0132 0.1219 100 0.0016 

Total 1.2751 

Manufacturing 

Input      

Soft water L 10.0580 0.00003 100 0.0003 

Electricity kWh 0.3095 0.6093 100 0.1886 

Steam kg 2.8627 0.2340 100 0.6699 

Output      

Vinasse L 11.6054 0.0000 100 0.0000 

Fusel oil kg 0.0004 0.0000 100 0.0000 

Total 0.8587 
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Table C.2 GHG emissions of raw material, energy and resource transportation for 

sugarcane-based bioethanol. (Allocation by mass) 

Activity 
To go 

(tkm) 

Come 

back (km) 

EF 

(kgCO2eq/Unit) 
Allocation 

by mass 

(%) 

GHG 

emissions 

(kgCO2eq) To go 
Come 

back  

Raw materials acquisition 

Sugar milling 

Input       

Unburned sugarcane S1 0.1945 0.0278 0.1402 0.3111 27 9.70E-03 
 0.4052 0.0579 0.0674 0.4246 27 1.40E-02 
 0.2269 0.0324 0.0610 0.4892 27 8.00E-03 
 0.3566 0.0509 0.0530 0.5863 27 1.32E-02 
 1.0698 0.1528 0.0441 0.8629 27 4.83E-02 
 0.5673 0.0810 0.0530 0.5863 27 2.09E-02 
Unburned sugarcane S2 1.5015 0.2145 0.0530 0.5863 27 5.54E-02 
 0.1668 0.0238 0.0409 0.8801 27 7.50E-03 
Burned sugarcane S1 1.0601 0.1514 0.1402 0.3111 27 5.28E-02 
 2.1960 0.3137 0.0674 0.4246 27 7.59E-02 
 1.2494 0.1785 0.0610 0.4892 27 4.42E-02 
 1.9688 0.2813 0.0530 0.5863 27 7.27E-02 
 5.7928 0.8275 0.0457 1.0142 27 2.98E-01 
 3.1425 0.4489 0.0486 0.6015 27 1.14E-01 
Burned sugarcane S2 1.4513 0.2073 0.0530 0.5863 27 5.36E-02 
 1.4513 0.2073 0.0409 0.8801 27 6.53E-02 
 0.3870 0.0553 0.1402 0.3111 27 1.93E-02 
 0.5805 0.0829 0.0610 0.4892 27 2.05E-02 

Calcium hydroxide 0.0359 0.0051 0.0530 0.5863 27 1.30E-03 

Biocide 0.0003 0.00004 0.0530 0.5863 27 1.00E-05 

Precipitating agents 0.0002 0.00003 0.0530 0.5863 27 1.00E-05 

Sanitizer 0.00002 0.000003 0.1402 0.3111 27 1.00E-06 

Waterlock 0.0002 0.00002 0.1402 0.3111 27 1.00E-05 

Scale inhibitor S1 0.0004 0.00005 0.1402 0.3111 27 2.00E-05 

Scale inhibitor S2 0.0002 0.00003 0.0530 0.5863 27 1.00E-05 

Enzyme (Amylase) 0.0002 0.00003 0.1402 0.3111 27 1.00E-05 

Sodium hydroxide S1 0.0031 0.0004 0.1402 0.3111 27 2.00E-04 

Sodium hydroxide S2 0.0029 0.0004 0.0530 0.5863 27 1.00E-04 

Butanedioic Acid 0.00003 0.000004 0.1402 0.3111 27 1.00E-06 

Diesel  0.0000004 0.0000001 0.0674 0.4246 27 2.00E-08 

Grease  0.00002 0.000002 0.0610 0.4892 27 1.00E-06 

Lubricants 0.00002 0.000002 0.0610 0.4892 27 1.00E-06 

Yeast 3.00E-06 4.29E-07 0.0457 1.0142 100 5.72E-07 

Phosphoric acid 4.00E-06 5.71E-07 0.0457 1.0142 100 7.62E-07 

Ammonium sulfate 1.23E-04 1.76E-05 0.0457 1.0142 100 2.34E-05 

Diammonium sulfate 1.00E-06 1.43E-07 0.0457 1.0142 100 1.91E-07 

Sulfuric acid 0.0013 0.0002 0.0457 1.0142 100 3.00E-04 

Molasses 0.4255 0.0608 0.0457 1.0142 100 8.11E-02 

Total 1.0773 
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Table C.3 GHG emissions of raw material, energy, and resource acquisition and 

utilization for sugarcane-based bioethanol. (Allocation by economics) 

Activity Unit Quantity 

(per FU) 

EF 

(kgCO2eq/

Unit) 

Allocation 

by mass 

(%) 

GHG emissions 

(kgCO2eq) 

Raw materials acquisition 

Sugar milling 

Input      

Unburned sugarcane kg 38.4537 0.0193 8 0.0594 

Burned sugarcane kg 59.3630 0.0571 8 0.2712 

Calcium hydroxide kg 0.1578 0.0366 8 0.0005 

Biocide kg 0.0006 1.0400 8 0.0000 

Precipitating agents kg 0.0004 1.4300 8 0.0000 

Sanitizer kg 0.0001 1.3325 8 0.0000 

Waterlock kg 0.0006 2.8008 8 0.0001 

Scale inhibitor kg 0.0018 1.9493 8 0.0003 

Enzyme (Amylase) kg 0.0009 1.1500 8 0.0001 

Sodium hydroxide kg 0.0171 1.1148 8 0.0015 

Butanedioic Acid kg 0.0001 1.3325 8 0.0000 

Water L 9.9744 0.0013 8 0.0010 

Steam kg 26.9409 0.0134 8 0.0289 

Electricity kWh 1.2528 0.1181 8 0.0118 

Diesel (Production) kg 0.0001 0.3282 8 0.0000 

Diesel (Combustion) L 0.0001 2.7080 8 0.0000 

Grease  kg 0.0008 1.0547 8 0.0001 

Lubricants kg 0.0008 0.8319 8 0.0001 

Output      

Bagasse kg 29.1931 0.0000 8 0.0000 

Filter cake kg 3.9902 0.0000 8 0.0000 

Waste water L 10.9844 0.0014 8 0.0012 

Bioethanol production 

Yeast L 0.0000 3.2040 100 0.0000 

Phosphoric acid kg 0.0000 1.4067 100 0.0000 

Ammonium sulfate kg 0.0012 2.8300 100 0.0034 

Diammonium sulfate kg 0.0000 2.8300 100 0.0000 

Sulfuric acid kg 0.0132 0.1219 100 0.0016 

Total 0.3813 

Manufacturing 

Input      

Soft water L 10.0580 0.00003 100 0.0003 

Electricity kWh 0.3095 0.6093 100 0.1886 

Steam kg 2.8627 0.2340 100 0.6699 

Output      

Vinasse L 11.6054 0.0000 100 0.0000 

Fusel oil kg 0.0004 0.0000 100 0.0000 

Total 0.8587 
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Table C.4 GHG emissions of raw material, energy and resource transportation for 

sugarcane-based bioethanol. (Allocation by economics) 

Activity 
To go 

(tkm) 

Come 

back (km) 

EF 

(kgCO2eq/Unit) 
Allocation 

by mass 

(%) 

GHG 

emissions 

(kgCO2eq) To go 
Come 

back  

Raw materials acquisition 

Sugar milling 

Input       

Unburned sugarcane S1 0.1945 0.0278 0.1402 0.3111 8 2.87E-03 
 0.4052 0.0579 0.0674 0.4246 8 4.15E-03 
 0.2269 0.0324 0.0610 0.4892 8 2.38E-03 
 0.3566 0.0509 0.0530 0.5863 8 3.90E-03 
 1.0698 0.1528 0.0441 0.8629 8 1.43E-02 
 0.5673 0.0810 0.0530 0.5863 8 6.20E-03 
Unburned sugarcane S2 1.5015 0.2145 0.0530 0.5863 8 1.64E-02 
 0.1668 0.0238 0.0409 0.8801 8 2.22E-03 
Burned sugarcane S1 1.0601 0.1514 0.1402 0.3111 8 1.57E-02 
 2.1960 0.3137 0.0674 0.4246 8 2.25E-02 
 1.2494 0.1785 0.0610 0.4892 8 1.31E-02 
 1.9688 0.2813 0.0530 0.5863 8 2.15E-02 
 5.7928 0.8275 0.0457 1.0142 8 8.83E-02 
 3.1425 0.4489 0.0486 0.6015 8 3.38E-02 
Burned sugarcane S2 1.4513 0.2073 0.0530 0.5863 8 1.59E-02 
 1.4513 0.2073 0.0409 0.8801 8 1.93E-02 
 0.3870 0.0553 0.1402 0.3111 8 5.72E-03 
 0.5805 0.0829 0.0610 0.4892 8 6.08E-03 

Calcium hydroxide 0.0359 0.0051 0.0530 0.5863 8 3.91E-04 

Biocide 0.0003 0.00004 0.0530 0.5863 8 3.15E-06 

Precipitating agents 0.0002 0.00003 0.0530 0.5863 8 2.26E-06 

Sanitizer 0.00002 0.000003 0.1402 0.3111 8 2.99E-07 

Waterlock 0.0002 0.00002 0.1402 0.3111 8 2.74E-06 

Scale inhibitor S1 0.0004 0.00005 0.1402 0.3111 8 5.73E-06 

Scale inhibitor S2 0.0002 0.00003 0.0530 0.5863 8 2.26E-06 

Enzyme (Amylase) 0.0002 0.00003 0.1402 0.3111 8 2.99E-06 

Sodium hydroxide S1 0.0031 0.0004 0.1402 0.3111 8 4.47E-05 

Sodium hydroxide S2 0.0029 0.0004 0.0530 0.5863 8 3.11E-05 

Butanedioic Acid 0.00003 0.000004 0.1402 0.3111 8 4.36E-07 

Diesel  0.0000004 0.0000001 0.0674 0.4246 8 5.55E-09 

Grease  0.00002 0.000002 0.0610 0.4892 8 1.76E-07 

Lubricants 0.00002 0.000002 0.0610 0.4892 8 1.76E-07 

Yeast 3.00E-06 4.29E-07 0.0457 1.0142 100 5.72E-07 

Phosphoric acid 4.00E-06 5.71E-07 0.0457 1.0142 100 7.62E-07 

Ammonium sulfate 1.23E-04 1.76E-05 0.0457 1.0142 100 2.35E-05 

Diammonium sulfate 1.00E-06 1.43E-07 0.0457 1.0142 100 1.91E-07 

Sulfuric acid 0.0013 0.0002 0.0457 1.0142 100 2.62E-04 

Molasses 0.4255 0.0608 0.0457 1.0142 100 8.11E-02 

Total 0.3763 
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Table C.5 GHG emissions of raw material, energy, and resource acquisition and 

utilization for cassava-based bioethanol. (Allocation by economics) 

Activity Unit Quantity 

(per FU) 

Emission factor 

(kgCO2eq/Unit) 

Allocation 

(%) 

GHG 

emissions 

(kgCO2eq) 

Raw materials acquisition 

Cassava processing 

Input      

Fresh cassava kg 7.6091 0.0651 100 0.4954 

Diesel (Production) kg 0.0102 0.3282 100 0.0033 

Diesel (Combustion) L 0.0121 2.7080 100 0.0328 

Electricity kWh 0.0011 0.6093 100 0.0007 

Bioethanol production 

Input      

Enzyme (Amylase) kg 0.0004 1.1500 100 0.0005 

Sodium hydroxide kg 0.0085 1.1148 100 0.0095 

Yeast kg 0.0008 3.2040 100 0.0026 

Diesel (Production) kg 0.0010 0.3282 100 0.0003 

Total 0.5451 

Manufacturing 

Input      

Diesel (Combustion) L 0.0012 2.7080 100 0.0032 

Steam ton 0.0034 1.9189 100 0.0065 

Soft water m3 0.0101 3.1399 100 0.0317 

Electricity kWh 0.4430 0.6093 100 0.2699 

Output       100  

Vinasse m3 0.0100 0.0000 100 0.0000 

Fusel Oil kg 0.0040 0.0000 100 0.0000 

Total 0.3113 
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Table C.6 GHG emissions of raw material, energy and resource transportation for 

cassava-based bioethanol. (Allocation by economics) 

Activity 
To go 

(tkm) 

Come 

back 

(km) 

EF 

(kgCO2eq/Unit) 
Allocation 

by mass 

(%) 

GHG 

emissions 

(kgCO2eq) To go 
Come 

back  

Raw materials acquisition 

Cassava processing 

Input       

Fresh cassava 0.7609 0.0238 0.0457 1.0142 100 5.89E-02 

Diesel 0.0004 0.0000 0.0649 0.4043 100 4.57E-05 

Bioethanol production 

Input       

Cassava root F1 0.7000 0.0438 0.0530 0.5863 100 6.28E-02 

Cassava root F2 0.0913 0.0130 0.1402 0.3111 100 1.69E-02 

Cassava root F3 0.3652 0.0114 0.0441 0.8629 100 2.60E-02 

Enzyme (Amylase) S1 0.0015 -  0.0107 - 100 1.57E-05 

Enzyme (Amylase) S2 0.0059 -  0.0107 - 100 6.28E-05 

Enzyme (Amylase) S3 0.0001 0.00001 0.0530 0.5863 100 1.32E-05 

Enzyme (Amylase) S4 0.0001 0.00002 0.0649 0.4043 100 1.65E-05 

Sodium hydroxide 0.0034 0.0002 0.0530 0.5863 100 3.03E-04 

Yeast 0.0003 0.00002 0.0530 0.5863 100 3.03E-05 

Diesel 0.00004 0.000005 0.0649 0.4043 100 4.56E-06 

Total 0.1650 

 



 
 

 

 

 

 

 

 

 

 

APPENDIX D 

WATER FOOTPRINT OF SUGARCANE-BASED AND CASSAVA-BASED 
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D.1   Water footprint of sugarcane-based bioethanol under rain-fed condition 

 

 Basis:    WFgreen,sugarcane   =   154   m3/ton  

  WFblue,sugarcane     =       0   m3/ton  

  WFgrey,sugarcane     =     51   m3/ton 

 

 Green water footprint 

 

 SOLUTION:   

 Juice Extraction 

 

WFprod[bioethanol]   =  {0 + (154/1.00)} × 0.90 

 = 138.600   m3/ton of sugarcane 

 Juice Purification 

 

WFprod[bioethanol]   =  {0 + (138.600/0.93)} × 1.00 

 = 149.032   m3/ton of sugarcane 

 Evaporation 

 

WFprod[bioethanol]   =  {0 + (149.032/0.30)} × 1.00 

 = 496.773   m3/ton of sugarcane 

 Crystallization 

 

WFprod[bioethanol]   =  {0 + (496.773/0.55)} × 1.00 

 = 903.224   m3/ton of sugarcane 

 Centrifugation 

 

WFprod[bioethanol]   =  {0 + (903.224/0.27)} × 0.06 

 = 200.716   m3/ton of sugarcane 

 Mixing 

 

WFprod[bioethanol]   =  {0 + (200.716/1.00)} × 1.00 

 = 200.716   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (200.716/0.93)} × 1.00 

 = 215.824   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0 + (215.824/0.08)} × 0.89 

 = 2,401.042   m3/ton of sugarcane 
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 Dehydration 

 

WFprod[bioethanol]   =  {0 + (2,401.042/0.95)} × 1.00 

 = 2,527.421   m3/ton of sugarcane 

 

 Blue water footprint  

 

 SOLUTION:   

 Juice Extraction 

 

WFprod[bioethanol]   =  {0.275 + (0/1.00)} × 0.90 

 = 0.248   m3/ton of sugarcane 

 Juice Purification 

 

WFprod[bioethanol]   =  {0.107 + (0.248/0.93)} × 1.00 

 = 0.374   m3/ton of sugarcane 

 Evaporation 

 

WFprod[bioethanol]   =  {0.046 + (0.374/0.30)} × 1.00 

 = 1.293   m3/ton of sugarcane 

 Crystallization 

 

WFprod[bioethanol]   =  {0.046 + (1.293/0.55)} × 1.00 

 = 2.397   m3/ton of sugarcane 

 Centrifugation 

 

WFprod[bioethanol]   =  {0 + (2.397/0.27)} × 0.06 

 = 0.533   m3/ton of sugarcane 

 Mixing 

 

WFprod[bioethanol]   =  {0 .081+ (0.533/1.00)} × 1.00 

 = 0.614   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0.056 + (0.614/0.93)} × 1.00 

 = 0.716   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0.039 + (0.716/0.08)} × 0.89 

 = 8.000   m3/ton of sugarcane 
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 Dehydration 

 

WFprod[bioethanol]   =  {0.008 + (8.000/0.95)} × 1.00 

 = 8.429   m3/ton of sugarcane 

 

 Grey water footprint 

 

 SOLUTION:   

 Juice Extraction 

 

WFprod[bioethanol]   =  {0 + (51/1.00)} × 0.90 

 = 45.900   m3/ton of sugarcane 

 Juice Purification 

 

WFprod[bioethanol]   =  {0 + (45.900/0.93)} × 1.00 

 = 49.355   m3/ton of sugarcane 

 Evaporation 

 

WFprod[bioethanol]   =  {0 + (49.355/0.30)} × 1.00 

 = 164.517   m3/ton of sugarcane 

 Crystallization 

 

WFprod[bioethanol]   =  {0 + (164.517/0.55)} × 1.00 

 = 299.122   m3/ton of sugarcane 

 Centrifugation 

 

WFprod[bioethanol]   =  {0 + (299.122/0.27)} × 0.06 

 = 66.472   m3/ton of sugarcane 

 Mixing 

 

WFprod[bioethanol]   =  {0 + (66.472/1.00)} × 1.00 

 = 66.472   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (66.472/0.93)} × 1.00 

 = 71.475   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0 + (71.475/0.08)} × 0.89 

 = 795.159   m3/ton of sugarcane 
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 Dehydration 

 

WFprod[bioethanol]   =  {0 + (795.159/0.95)} × 1.00 

 = 837.009   m3/ton of sugarcane 

 

 Water footprint of sugarcane-based bioethanol under rain-fed condition 

    

 WFprod[bioethanol]   =  WFgreen + WFblue + WFgrey 

 = 2,527.421 + 8.429 + 837.009 

 = 3,372.859   m3/ton of sugarcane 

 

D.2   Water footprint of sugarcane-based bioethanol under optimal condition 

 

 Basis:    WFgreen,sugarcane   =   123   m3/ton  

  WFblue,sugarcane     =     26   m3/ton  

  WFgrey,sugarcane     =     42   m3/ton 

 

 Green water footprint 

 

 SOLUTION:   

 Juice Extraction 

 

WFprod[bioethanol]   =  {0 + (123/1.00)} × 0.90 

 = 110.700   m3/ton of sugarcane 

 Juice Purification 

 

WFprod[bioethanol]   =  {0 + (110.700/0.93)} × 1.00 

 = 119.032   m3/ton of sugarcane 

 Evaporation 

 

WFprod[bioethanol]   =  {0 + (119.032/0.30)} × 1.00 

 = 396.773   m3/ton of sugarcane 

 Crystallization 

 

WFprod[bioethanol]   =  {0 + (396.773/0.55)} × 1.00 

 = 721.405   m3/ton of sugarcane 

 Centrifugation 

 

WFprod[bioethanol]   =  {0 + (721.405/0.27)} × 0.06 

 = 160.312   m3/ton of sugarcane 
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 Mixing 

 

WFprod[bioethanol]   =  {0 + (160.312/1.00)} × 1.00 

 = 160.312   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (160.312/0.93)} × 1.00 

 = 172.378   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0 + (172.378/0.08)} × 0.89 

 = 1,917.705   m3/ton of sugarcane 

 Dehydration 

 

WFprod[bioethanol]   =  {0 + (1,917.705/0.95)} × 1.00 

 = 2,018.637   m3/ton of sugarcane 

 

 Blue water footprint  

 

 SOLUTION:   

 Juice Extraction 

 

WFprod[bioethanol]   =  {0.275 + (26/1.00)} × 0.90 

 = 23.648   m3/ton of sugarcane 

 Juice Purification 

 

WFprod[bioethanol]   =  {0.107 + (23.648/0.93)} × 1.00 

 = 25.535   m3/ton of sugarcane 

 Evaporation 

 

WFprod[bioethanol]   =  {0.046 + (25.535/0.30)} × 1.00 

 = 85.163   m3/ton of sugarcane 

 Crystallization 

 

WFprod[bioethanol]   =  {0.046 + (85.163/0.55)} × 1.00 

 = 154.888   m3/ton of sugarcane 

 Centrifugation 

 

WFprod[bioethanol]   =  {0 + (154.888/0.27)} × 0.06 

 = 34.420   m3/ton of sugarcane 
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 Mixing 

 

WFprod[bioethanol]   =  {0 .081+ (34.420/1.00)} × 1.00 

 = 34.501   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0.056 + (34.501/0.93)} × 1.00 

 = 37.154   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0.039 + (37.154/0.08)} × 0.89 

 = 413.373   m3/ton of sugarcane 

 Dehydration 

 

WFprod[bioethanol]   =  {0.008 + (413.373/0.95)} × 1.00 

 = 435.137   m3/ton of sugarcane 

 

 Grey water footprint 

 

 SOLUTION:   

 Juice Extraction 

 

WFprod[bioethanol]   =  {0 + (42/1.00)} × 0.90 

 = 37.800   m3/ton of sugarcane 

 Juice Purification 

 

WFprod[bioethanol]   =  {0 + (37.800/0.93)} × 1.00 

 = 40.645   m3/ton of sugarcane 

 Evaporation 

 

WFprod[bioethanol]   =  {0 + (40.645/0.30)} × 1.00 

 = 135.483   m3/ton of sugarcane 

 Crystallization 

 

WFprod[bioethanol]   =  {0 + (135.483/0.55)} × 1.00 

 = 246.333   m3/ton of sugarcane 

 Centrifugation 

 

WFprod[bioethanol]   =  {0 + (246.333/0.27)} × 0.06 

 = 54.741   m3/ton of sugarcane 
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 Mixing 

 

WFprod[bioethanol]   =  {0 + (54.741/1.00)} × 1.00 

 = 54.741   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (54.741/0.93)} × 1.00 

 = 58.861   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0 + (58.861/0.08)} × 0.89 

 = 654.829   m3/ton of sugarcane 

 Dehydration 

 

WFprod[bioethanol]   =  {0 + (654.828/0.95)} × 1.00 

 = 689.294   m3/ton of sugarcane 

 

 Water footprint of sugarcane-based bioethanol under optimal condition 

    

 WFprod[bioethanol]   =  WFgreen + WFblue + WFgrey 

 = 2,018.637 + 435.137 + 689.294 

 = 3,143.068   m3/ton of sugarcane 

 

D.3   Water footprint of cassava-based bioethanol under rain-fed condition 

 

 Basis:    WFgreen,sugarcane   =   284   m3/ton  

  WFblue,sugarcane     =       0   m3/ton  

  WFgrey,sugarcane     =   165   m3/ton 

 

 Green water footprint 

 

 SOLUTION:   

 Cassava chips processing 

 

WFprod[bioethanol]   =  {0 + (284/0.40)} × 1.00 

 = 710.000   m3/ton of sugarcane 

 Milling and Mixing 

 

WFprod[bioethanol]   =  {0 + (710.000/0.98)} × 1.00 

 = 724.490   m3/ton of sugarcane 
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 Liquefaction 

 

WFprod[bioethanol]   =  {0 + (724.490/1.00)} × 1.00 

 = 724.490   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (724.490/0.97)} × 1.00 

 = 746.897   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0 + (746.897/0.10)} × 0.89 

 = 6,647.383   m3/ton of sugarcane 

 Dehydration 

 

WFprod[bioethanol]   =  {0 + (6,647.383/0.95)} × 1.00 

 = 6,997.245   m3/ton of sugarcane 

 

 Blue water footprint  

 

 SOLUTION:   

 Cassava chips processing 

 

WFprod[bioethanol]   =  {0 + (0/0.40)} × 1.00 

 = 0   m3/ton of sugarcane 

 Milling and Mixing 

 

WFprod[bioethanol]   =  {1.049 + (0/0.98)} × 1.00 

 = 1.049   m3/ton of sugarcane 

 Liquefaction 

 

WFprod[bioethanol]   =  {0.003 + (1.049/1.00)} × 1.00 

 = 1.052   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (1.052/0.97)} × 1.00 

 = 1.085   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0.197 + (1.085/0.10)} × 0.89 

 = 9.832   m3/ton of sugarcane 
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 Dehydration 

 

WFprod[bioethanol]   =  {0.085 + (9.832/0.95)} × 1.00 

 = 10.434   m3/ton of sugarcane 

 

 Grey water footprint 

 

 SOLUTION:   

 Cassava chips processing 

 

WFprod[bioethanol]   =  {0 + (165/0.40)} × 1.00 

 = 412.500   m3/ton of sugarcane 

 Milling and Mixing 

 

WFprod[bioethanol]   =  {0 + (412.500/0.98)} × 1.00 

 = 420.918   m3/ton of sugarcane 

 

 Liquefaction 

 

WFprod[bioethanol]   =  {0 + (420.918/1.00)} × 1.00 

 = 420.918   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (420.918/0.97)} × 1.00 

 = 433.936   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0 + (433.936/0.10)} × 0.89 

 = 3,862.030   m3/ton of sugarcane 

 Dehydration 

 

WFprod[bioethanol]   =  {0 + (3,862.030/0.95)} × 1.00 

 = 4,065.295   m3/ton of sugarcane 

 

 Water footprint of cassava-based bioethanol 

    

 WFprod[bioethanol]   =  WFgreen + WFblue + WFgrey 

 = 6,997.245 + 10.434 + 4,065.295 

 = 11,072.974  m3/ton of sugarcane 
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D.4   Water footprint of cassava-based bioethanol under optimal condition 

 

 Basis:    WFgreen,sugarcane   =   162   m3/ton  

  WFblue,sugarcane     =   125   m3/ton  

  WFgrey,sugarcane     =   113   m3/ton 

 

 Green water footprint 

 

 SOLUTION:   

 Cassava chips processing 

 

WFprod[bioethanol]   =  {0 + (162/0.40)} × 1.00 

 = 405.000   m3/ton of sugarcane 

 Milling and Mixing 

 

WFprod[bioethanol]   =  {0 + (405.000/0.98)} × 1.00 

 = 413.265   m3/ton of sugarcane 

 Liquefaction 

 

WFprod[bioethanol]   =  {0 + (413.265/1.00)} × 1.00 

 = 413.265   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (413.265/0.97)} × 1.00 

 = 426.046   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0 + (426.046/0.10)} × 0.89 

 = 3,791.809   m3/ton of sugarcane 

 Dehydration 

 

WFprod[bioethanol]   =  {0 + (3,791.809/0.95)} × 1.00 

 = 3,991.378   m3/ton of sugarcane 

 

 Blue water footprint  

 

 SOLUTION:   

 Cassava chips processing 

 

WFprod[bioethanol]   =  {0 + (125/0.40)} × 1.00 

 = 312.500   m3/ton of sugarcane 
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 Milling and Mixing 

 

WFprod[bioethanol]   =  {1.049 + (312.500/0.98)} × 1.00 

 = 319.927   m3/ton of sugarcane 

 Liquefaction 

 

WFprod[bioethanol]   =  {0.003 + (319.927/1.00)} × 1.00 

 = 319.930   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (319.930/0.97)} × 1.00 

 = 329.825   m3/ton of sugarcane 

 Distillation 

 

WFprod[bioethanol]   =  {0.197 + (329.825/0.10)} × 0.89 

 = 2,935.618   m3/ton of sugarcane 

 Dehydration 

 

WFprod[bioethanol]   =  {0.085 + (2,935.618/0.95)} × 1.00 

 = 3,090.209   m3/ton of sugarcane 

 

 Grey water footprint 

 

 SOLUTION:   

 Cassava chips processing 

 

WFprod[bioethanol]   =  {0 + (113/0.40)} × 1.00 

 = 282.500   m3/ton of sugarcane 

 Milling and Mixing 

 

WFprod[bioethanol]   =  {0 + (282.500/0.98)} × 1.00 

 = 288.265   m3/ton of sugarcane 

 

 Liquefaction 

 

WFprod[bioethanol]   =  {0 + (288.265/1.00)} × 1.00 

 = 288.265   m3/ton of sugarcane 

 Fermentation 

 

WFprod[bioethanol]   =  {0 + (288.265/0.97)} × 1.00 

 = 297.180   m3/ton of sugarcane 



176 
 

 Distillation 

 

WFprod[bioethanol]   =  {0 + (297.180/0.10)} × 0.89 

 = 2,644.902   m3/ton of sugarcane 

 Dehydration 

 

WFprod[bioethanol]   =  {0 + (2,644.902/0.95)} × 1.00 

 = 2,784.107   m3/ton of sugarcane 

 

 Water footprint of cassava-based bioethanol 

    

 WFprod[bioethanol]   =  WFgreen + WFblue + WFgrey 

 = 3,991.378 + 3,090.209 + 2,784.107 

 = 9,865.694  m3/ton of sugarcane 
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