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Summary:  

 

This thesis develops a decision-support tool for solving supply chain design including 

location problem of various facilities, using the MILP mixed integer linear problem 

solving programming model. EXECL SOLVER TOOL, MATLAB with a GUI 

(graphical user input interface) programmed by the C# software are used. A typical 

three layers medium term planning MILP model for supply chain design is presented 

and applied for two applications for chemicals and biofuel production from rice straw 

biomass and biodiesel production from waste cooking oil WCO

 



 

 

i 

 

 

                                         Acknowledgement 
 

 

Many thanks to my family and my supervisors Dr. Fatma Ashour, Dr. Mamdouh Ayad for 

their effort and support.  

  



 

 

ii 

 

                                             Dedication 

 

To my parents and my family. 

  



 

 

iii 

 

 

 

                                             Table of Contents 

  
Acknowledgement ....................................................................................................................... i 

Dedication ................................................................................................................................... ii 

Table of Contents .......................................................................................................................iii 

List of Figures ............................................................................................................................ vi 

List of Tables ............................................................................................................................. ix 

Nomenclature ............................................................................................................................ xii 

Abstract ....................................................................................................................................xiii 

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

1.1 Spiral versus water fall method .................................................................................... 1 

1.2 Project Cost Estimate ................................................................................................... 2 

1.3 Supply chain ................................................................................................................. 2 

2 Chapter 2: Rice straw overview .......................................................................................... 5 

2.1 Previous work ............................................................................................................... 5 

2.2 Rice Straw Bales .......................................................................................................... 7 

2.3 Rice Straw Cost ............................................................................................................ 7 

2.4 Transportation Cost (Giant Containers) ....................................................................... 8 

2.5 Rice straw case studies ................................................................................................. 9 

2.5.1 The case of Brazil ................................................................................................. 9 

2.5.2 The case of Thailand ........................................................................................... 14 

3 Chapter 3: Rice straw in Egypt ......................................................................................... 17 

3.1 The case of Egypt data analysis ................................................................................. 17 

3.2 Trailer transportation cost .......................................................................................... 18 

3.3 Distribution centers .................................................................................................... 19 

3.3.1 Fixed distribution center D.C cost ...................................................................... 19 

3.3.2 Variable distribution center D.C cost.................................................................. 19 

3.4 Geographical overview .............................................................................................. 20 

3.4.1 Locations ............................................................................................................. 20 

3.4.2 Inbound and outbound transportation distances ................................................. 22 

4 Chapter 4: Strategic Network Supply Chain Design Model ............................................. 25 

4.1 Supply chain planning ................................................................................................ 25 



 

 

iv 

 

4.2 Mathematical model ................................................................................................... 25 

5 Chapter 5: Capacity and locations .................................................................................... 27 

5.1 Rice Straw choosing the optimum capacity ............................................................... 27 

5.1.1 GHG emission inventory and analysis:............................................................... 27 

5.1.2 Rice Straw burning social and environmental costs ........................................... 28 

5.1.3 Optimum capacity choice ................................................................................... 29 

5.2 Plant Location simple solutions ................................................................................. 33 

5.2.1 Weber’s location method .................................................................................... 33 

5.2.2 Center Of Gravity location method..................................................................... 34 

5.2.3 Weighted score method....................................................................................... 35 

6 Chapter 6: Rice straw supply chain MILP model results and trade-offs for 60%plant .... 39 

6.1 MATLAB and C# Programming ............................................................................... 39 

6.1.1 Methodology ....................................................................................................... 39 

6.1.2 Inputs................................................................................................................... 41 

6.2 EXCEL Solver Tool ................................................................................................... 43 

6.3 Economics solution of 60% base plant ...................................................................... 47 

6.3.1 Alexandria Free Zone 60 % basis case ............................................................... 47 

6.3.2 Damietta Free Zone 60 % basis case .................................................................. 49 

6.3.3 Suez Free Zone 60 % basis case ......................................................................... 50 

6.3.4 Port Said Free Zone 60 % basis case .................................................................. 52 

6.3.5 Economic feasibility study for 60% base plant................................................... 54 

6.4 Investment and future cash flow ................................................................................ 57 

6.5 Economics of 40% base plant .................................................................................... 59 

6.5.1 Alexandria Free Zone 40 % basis case ............................................................... 61 

6.5.2 Damietta Free Zone 40 % basis case .................................................................. 63 

6.5.3 Suez Free Zone 40 % basis case ......................................................................... 64 

6.5.4 Port Said Free Zone 40 % basis case .................................................................. 66 

6.5.5 Economic feasibility study for 40% base plant................................................... 68 

6.5.6 Second plant 40 % basis investment ................................................................... 71 

7 Chapter 7: Waste cooking oil to biodiesel overview ........................................................ 73 

7.1 Estimating waste cooking oil potential ...................................................................... 74 

7.2 Biodiesel economy ..................................................................................................... 76 

7.3 Barriers to produce biodiesel from WCO .................................................................. 77 

7.4 Biodiesel from WCO production process .................................................................. 77 

7.4.1 Operating conditions and Hysys simulation results ............................................ 78 



 

 

v 

 

7.4.2 Primary processing.............................................................................................. 79 

7.5 Biodiesel from WCO Plant Economic Assessment ................................................... 79 

7.5.1 Equipment Cost ................................................................................................... 79 

7.5.2 Raw material and products.................................................................................. 80 

7.5.3 Other variable production costs .......................................................................... 80 

8 Chapter 8: WCO supply chain .......................................................................................... 83 

8.1 Scope of work and methodology ................................................................................ 83 

8.2 Waste cooking oil collection ...................................................................................... 83 

8.3 Supply chain costing items ......................................................................................... 84 

8.3.1 Basic assumptions ............................................................................................... 84 

8.3.2 Inbound transportation cost................................................................................. 85 

8.3.3 Outbound transportation cost .............................................................................. 85 

8.3.4 Distribution center fixed cost .............................................................................. 85 

8.3.5 Variable distribution center cost ......................................................................... 85 

8.4 Plant Suggested Locations ......................................................................................... 85 

9 Chapter 9: WCO supply chain MILP model results ......................................................... 90 

9.1 MATLAB and C# Programming ............................................................................... 90 

9.1.1 Methodology ....................................................................................................... 90 

9.1.2 Inputs................................................................................................................... 91 

9.2 EXCEL Solver Tool ................................................................................................... 94 

9.3 Economics of WCO plant .......................................................................................... 98 

9.3.1 Plant near NPC 70 % basis case ....................................................................... 102 

9.3.2 Plant near CORC 70 % basis case .................................................................... 104 

9.3.3 Plant near APC 70 % basis case ....................................................................... 106 

9.4 Economic feasibility study for 70% base plant ........................................................ 109 

Conclusion .............................................................................................................................. 112 

Bibliography ........................................................................................................................... 113 

Appendix A: WCO collection routes ...................................................................................... 119 

Appendix B: Calculations ....................................................................................................... 123 

Rice Straw case Cost disintegration .................................................................................... 123 

Waste Cooking Oil case Cost disintegration ...................................................................... 125 

 

 

 



 

 

vi 

 

                                              List of Figures 

 
Figure 1.1Types of flow in supply chain .................................................................................... 2 
Figure 1.2 Trading across borders time consuming activities [34] ............................................. 3 
Figure 1.3 Goods and financial supply chain.............................................................................. 3 
Figure 2.1 HYSYS Simulation for production of Biofuel and Petrochemicals from Rice Straw

..................................................................................................................................................... 5 
Figure 2.2 Rice Consumption models ......................................................................................... 6 
Figure 2.3 Three String Small Bale ............................................................................................ 7 
Figure 2.4 Jumbo Bale ................................................................................................................ 7 
Figure 2.5 Standard container shape ........................................................................................... 8 

Figure 2.6 World’s Most Producing Rice Statistics Countries [4] ............................................. 9 
Figure 2.7 Brazil rice production areas locations [5] ................................................................ 10 

Figure 2.8 Brazil rice production areas percentages [5] ........................................................... 10 

Figure 2.9 State of Rio Grande do Sul location ........................................................................ 11 
Figure 2.10 Rio Grande do Sul map [7] .................................................................................... 11 
Figure 2.11 Sea ports and container terminals in Brazil ........................................................... 12 
Figure 2.12 Transportation cost of one container From Itajai, Brazil to Alexandria, Egypt [17]

................................................................................................................................................... 12 
Figure 2.13 Transportation distance from Itajai, Brazil to Alexandria, Egypt [18] .................. 13 

Figure 2.14 Cash flow diagram rice straw plant Brazil case [60] ............................................. 14 
Figure 2.15 Transportation cost of one container From Bangkok, Thailand to Suez, Egypt [17]

................................................................................................................................................... 14 

Figure 2.16 Transportation distance From Bangkok, Thailand to Suez, Egypt [18] ................ 15 
Figure 2.17 Cash flow diagram rice straw plant Thailand case [60] ........................................ 15 

Figure 3.1 Rice harvesting in Egypt ......................................................................................... 17 
Figure 3.2 Rice straw rectangular Baling in Egypt ................................................................... 18 

Figure 3.3 Simple rice straw transportation methods ............................................................... 19 
Figure 3.4 Storage and covering of circular baled rice straw in open area ............................... 19 

Figure 3.5 Distribution centers and plant suggested locations [62] .......................................... 21 
Figure 3.6 Supply chain for rice straw possible route solutions ............................................... 22 
Figure 3.7 Traveling distance map between Damietta and Kafr ash Shaikh [62] .................... 23 

Figure 5.1Cost Versus Rice Straw used percentage optimization ............................................ 31 
Figure 5.2 Optimum Percentage ............................................................................................... 32 
Figure 5.3 Weber’s method decision making plant location [62] ............................................. 33 

Figure 5.4 Center Of Gravity method decision making plant location [62] ............................. 34 
Figure 6.1 Supply Chain MILP Rice Straw Case Model Optimization .................................... 39 

Figure 6.2 Empty input error pop-up message.......................................................................... 42 
Figure 6.3 not numeric input error pop-up message ................................................................. 43 
Figure 6.4 The whole Supply chain MILP model elements for Rice Straw model .................. 43 
Figure 6.5 Solver solving window of Objective function, Decision variables and Constraints 

for Rice Straw model ................................................................................................................ 46 

Figure 6.6 MATLAB Supply chain MILP solution for plant in Alexandria 60% basis ........... 47 
Figure 6.7 EXCEL Supply chain MILP model part for plant in Alexandria 60% basis........... 48 
Figure 6.8 Supply chain decision variable flow rates for plant in Alexandria 60% basis ........ 48 
Figure 6.9 MATLAB Supply chain MILP solution for plant in Damietta 60% basis .............. 49 
Figure 6.10 EXCEL Supply chain MILP model part for plant in Damietta 60% basis ............ 49 

file:///G:/Thesis/Thesis/SUPPLY%20CHAIN%20DESIGN%20NETWORK%20MODEL%20FOR%20BIOFUEL%20AND%20PETROCHEMICALS%20FROM%20BIOWASTE.docx%23_Toc450173786


 

 

vii 

 

Figure 6.11 Supply chain decision variable flow rates for plant in Damietta 60% basis ......... 50 

Figure 6.12 MATLAB Supply chain MILP solution for plant in Suez 60% basis ................... 50 

Figure 6.13 EXCEL Supply chain MILP model part for plant in Suez 60% Basis .................. 51 
Figure 6.14 Supply chain decision variable flow rates for plant in Suez 60% basis ................ 51 
Figure 6.15 MATLAB Supply chain MILP solution for plant in Port Said 60% basis ............ 52 
Figure 6.16 EXCEL Supply chain MILP model part for plant in Port Said 60% basis ............ 52 
Figure 6.17 Supply chain decision variable flow rates for plant in Port Said 60% basis ......... 53 

Figure 6.18 Total cost comparison 60% Basis.......................................................................... 54 
Figure 6.19 Cash flow diagram rice straw plant Egypt case after supply chain model 

integration 60% basis [60] ........................................................................................................ 55 
Figure 6.20 Investment and future cash flow............................................................................ 57 
Figure 6.21 Desired model for investment and future cash flow .............................................. 58 

Figure 6.22 MATLAB Supply chain MILP solution for plant in Alexandria 40% basis ......... 61 

Figure 6.23 EXCEL Supply chain MILP model part for plant in Alexandria 40% basis......... 62 

Figure 6.24 Supply chain decision variable flow rates for plant in Alexandria 40% basis ...... 62 
Figure 6.25 MATLAB Supply chain MILP solution for plant in Damietta 40% basis ............ 63 
Figure 6.26 EXCEL Supply chain MILP model part for plant in Damietta 40% basis ............ 63 
Figure 6.27 Supply chain decision variable flow rates for plant in Damietta 40% basis ......... 64 

Figure 6.28 MATLAB Supply chain MILP solution for plant in Suez 40% basis ................... 64 
Figure 6.29 EXCEL Supply chain MILP model part for plant in Suez 40% basis................... 65 

Figure 6.30 Supply chain decision variable flow rates for plant in Suez 40% basis ................ 65 
Figure 6.31 MATLAB Supply chain MILP solution for plant in Port Said 40% basis ............ 66 
Figure 6.32 EXCEL Supply chain MILP model part for plant in Port Said 40% basis ............ 66 

Figure 6.33 Supply chain decision variable flow rates for plant in Port Said 40% basis ......... 67 
Figure 6.34 Total cost comparison 40% basis .......................................................................... 68 

Figure 6.35 Cash flow diagram rice straw plant Egypt case after supply chain model 

integration 40% basis [60] ........................................................................................................ 69 

Figure 7.1 Egypt edible vegetable local oil production and imports percentages in 2013/2014

................................................................................................................................................... 75 

Figure 7.2 Global consumption of vegetable oil statistics ........................................................ 75 
Figure 7.3 Different Fuel categories usage percentages worldwide ......................................... 81 
Figure 8.1 (Dokki, Mohandsen, Agouza) districts restaurants route [63] ................................ 84 

Figure 8.2 Oil Refining companies in Egypt locations [62] ..................................................... 86 
Figure 8.3 Supply chain for WCO possible route solutions ..................................................... 86 
Figure 8.4 Number of participants per category comparison in Giza Government .................. 87 
Figure 8.5 Percentage of each participated category comparison in Giza Government ........... 88 

Figure 8.6 Total population per government ............................................................................ 88 
Figure 9.1 Supply Chain MILP WCO Case Model Optimization ............................................ 90 

Figure 9.2 Empty input error pop-up message.......................................................................... 93 
Figure 9.3 not numeric input error pop-up message ................................................................. 93 
Figure 9.4 Part of the whole WCO Supply chain MILP model elements ................................. 94 
Figure 9.5 Solver solving window of Objective function, Decision variables and Constraints 

for WCO model......................................................................................................................... 97 

Figure 9.6 Proposed model WCO disposal comparison percentages ....................................... 98 
Figure 9.7 Route actual travelling distance............................................................................. 100 
Figure 9.8 Route total traveling time ...................................................................................... 100 

Figure 9.9 MATLAB Supply chain MILP solution for plant near NPC 70% basis -1 ........... 102 



 

 

viii 

 

Figure 9.10 MATLAB Supply chain MILP solution for plant near NPC 70% basis -2 ......... 102 

Figure 9.11 EXCEL Supply chain MILP model part for plant near NPC 70% basis ............. 103 

Figure 9.12 Supply chain decision variable flow rates for plant for plant near NPC 70% basis

................................................................................................................................................. 103 
Figure 9.13 MATLAB Supply chain MILP solution for plant near CORC 70% basis -1 ...... 104 
Figure 9.14 MATLAB Supply chain MILP solution for plant near CORC 70% basis -2 ...... 104 
Figure 9.15 EXCEL Supply chain MILP model part for plant near CORC 70% basis .......... 105 

Figure 9.16 Supply chain decision variable flow rates for plant for plant near NPC 70% basis

................................................................................................................................................. 105 
Figure 9.17 MATLAB Supply chain MILP solution for plant near APC 70% basis -1 ......... 106 
Figure 9.18 MATLAB Supply chain MILP solution for plant near APC 70% basis -2 ......... 106 
Figure 9.19 EXCEL Supply chain MILP model part for plant near APC 70% basis ............. 107 

Figure 9.20 Supply chain decision variable flow rates for plant for plant near APC 70% basis

................................................................................................................................................. 107 

Figure 9.21 WCO supply chain total cost comparison excluding raw material, 70% basis ... 108 
Figure 9.22 WCO supply chain total cost comparison 70% basis .......................................... 109 
Figure 9.23 Cash flow diagram of the biodiesel from WCO plant Egypt case after supply 

chain model integration 70% basis [60].................................................................................. 110 

  



 

 

ix 

 

                                                 List of Tables 
 

Table 2.1 Standard container dimensions [16] ........................................................................... 8 
Table 2.2 Rice planting and harvesting seasons in Brazil [3] ................................................... 10 

Table 2.3 Raw material and product cost of the rice straw plant Brazil case [60] [61] ............ 13 
Table 2.4  Raw material and product cost of the rice straw plant Thailand case [60] [61] ...... 15 
Table 3.1 Transportation costing disintegration [20] ................................................................ 18 
Table 3.2 Rice production amounts in different cities in Egypt [66] ........................................ 20 
Table 3.3 Average traveling distance in a city .......................................................................... 22 

Table 3.4 Inbound I.B transportation distance (km) between D.Cs (rows) and farms in cities 

(columns) .................................................................................................................................. 23 
Table 3.5 Inbound I.B transportation cost (USD/kg) between D.Cs (rows) and farms in cities 

(columns) .................................................................................................................................. 23 

Table 3.6 Outbound O.B transportation distance (km) between D.Cs (rows) and Plant 

(columns) .................................................................................................................................. 24 

Table 3.7 Outbound O.B transportation cost (USD/kg) between D.Cs (rows) and Plant 

(columns) .................................................................................................................................. 24 
Table 5.1 GHG emission factors associated with rice harvesting activities [25] ..................... 28 

Table 5.2 CTOB Total overburden cost calculations (10%-50%) ............................................ 29 
Table 5.3 CTOB Total overburden cost calculations (60%-100%) .......................................... 30 

Table 5.4 Weber’s weighted method calculations .................................................................... 33 
Table 5.5 Center Of Gravity method calculations .................................................................... 34 
Table 5.6 Weighted score method calculations ........................................................................ 37 

Table 6.1 C# GUI for the Rice Straw Supply Chain Model. .................................................... 40 
Table 6.2 Alexandria C# Supply Chain Inputs 60% basis ........................................................ 41 

Table 6.3 Damietta C# Supply Chain Inputs 60% basis ........................................................... 41 
Table 6.4 Suez C# Supply Chain Inputs 60% basis .................................................................. 42 

Table 6.5 Port Said C# Supply Chain Inputs 60% basis ........................................................... 42 
Table 6.6 User notes for Rice Straw model .............................................................................. 43 

Table 6.7 Total Cost disintegration for Rice Straw model ....................................................... 44 
Table 6.8 Manufacturing Variable cost, total amount shipped, Maximum Straw Capacity at 

each raw material available area for Rice Straw model ............................................................ 44 
Table 6.9 Distribution Centers Variable (USD/Kg) and Fixed Cost (USD) for Rice Straw 

model......................................................................................................................................... 44 
Table 6.10 Amount of rice straw in (Kg) shipped from raw material available area to 

Distribution Centers for Rice Straw model ............................................................................... 44 
Table 6.11 Inbound (IB) Transportation Cost (USD/kg) between Centers (Rows) and Cities 

(Columns) for Rice Straw model .............................................................................................. 45 

Table 6.12 Local Transportation transported quantities from Distribution Centers to selected 

plant location for Rice Straw model ......................................................................................... 45 

Table 6.13 Data and Level of Service Constraints for Rice Straw model ................................ 45 
Table 6.14 Transportation Distance from Distribution Centers to selected plant location for 

Rice Straw model ...................................................................................................................... 45 
Table 6.15 Outbound (OB) Transportation Cost (USD/kg) From Distribution Centers (Rows) 

To Plants (Columns) for Rice Straw model .............................................................................. 45 
Table 6.16 Distance IB (km) between Distribution Centers (Rows) and Farms in Cities 

(Columns) for Rice Straw model .............................................................................................. 46 



 

 

x 

 

Table 6.17 Plant location Vs. Supply chain cost 60% Basis .................................................... 53 

Table 6.18 Raw material and product cost of the rice straw plant Egypt case after supply chain 

model integration 60% basis [60] [61]...................................................................................... 55 
Table 6.19 Economic study (MM USD) of rice straw plant Egypt case after supply chain 

model integration 60% basis [60] ............................................................................................. 56 
Table 6.20 Probable variation of key parameters over plant life 60% basis [60] ..................... 56 
Table 6.21 Economic feasibility study basis for 60% basis [60] .............................................. 57 

Table 6.22 Rice straw remaining amount ................................................................................. 59 
Table 6.23 Alexandria C# Supply Chain Inputs 40 % basis ..................................................... 59 
Table 6.24 Damietta C# Supply Chain Inputs 40 % basis ........................................................ 60 
Table 6.25 Suez C# Supply Chain Inputs 40 % basis ............................................................... 60 
Table 6.26 Port Said C# Supply Chain Inputs 40 % basis ........................................................ 60 

Table 6.27 Plant location Vs. Supply chain cost 40% basis ..................................................... 67 

Table 6.28 Raw material and product cost of the rice straw plant Egypt case after supply chain 

model integration 40% basis [60] [61]...................................................................................... 69 
Table 6.29 Economic study (MM USD) of rice straw plant Egypt case after supply chain 

model integration 40% basis [60] ............................................................................................. 70 
Table 6.30 Probable variation of key parameters over plant life 40% basis [60] ..................... 70 

Table 6.31 Economic feasibility study basis for 40% basis [60] .............................................. 71 
Table 6.32 60% Basis cash flow used to detect the sufficient cash flow period [60] ............... 71 

Table 7.1 Egypt’s edible vegetable oils local production and imports in thousand metric tons 

(TMT) in 2013/2014 [42].......................................................................................................... 74 
Table 7.2 Comparison of properties between commercial diesel fuel, biodiesel from waste 

cooking oil and waste cooking oil [40] ..................................................................................... 78 
Table 7.3 Acid catalyst simulation results and operating conditions [51] ................................ 78 

Table 7.4 Equipment bare module costs [51] [60] .................................................................... 79 

Table 7.5 Equipment Total module and Grass Roots costs [51] [60] ....................................... 80 

Table 8.1 Number of participants per category in Giza Government ....................................... 87 
Table 8.2 Government’s population, population ratio and resident’s participated percentages

................................................................................................................................................... 88 
Table 9.1 C# GUI for the WCO Supply Chain Model ............................................................. 91 
Table 9.2 Plant near NPC in Suez C# Supply Chain Inputs 70% basis .................................... 92 

Table 9.3 Plant near CORC in Cairo C# Supply Chain Inputs 70% basis................................ 92 
Table 9.4 Plant near APC in Alexandria C# Supply Chain Inputs 70% basis .......................... 93 
Table 9.5 User notes for WCO model ...................................................................................... 94 
Table 9.6 Total Cost disintegration for WCO model ................................................................ 94 

Table 9.7 Raw material Variable cost, Total amount shipped, Maximum WCO Capacity, 

WCO remaining % at each raw material available area for WCO model ................................ 95 

Table 9.8 Distribution Centers Variable (USD/Kg) and Fixed Cost (USD) for WCO model.. 95 
Table 9.9 Amount of WCO in (Kg) shipped from raw material available area to Distribution 

Centers for WCO model ........................................................................................................... 95 
Table 9.10 Inbound (IB) Transportation Cost (USD/kg) Centers (Rows) and Cities (Columns) 

for WCO model......................................................................................................................... 95 

Table 9.11 Outbound transported quantities from Distribution Centers to selected plant 

location for WCO model ........................................................................................................... 96 
Table 9.12 Data and Level of Service Constraints for WCO model ........................................ 96 



 

 

xi 

 

Table 9.13 OB Transportation Distance from Distribution Centers to selected plant location 

for WCO model......................................................................................................................... 96 

Table 9.14 Outbound (OB) Transportation Cost (USD/kg) From Distribution Centers (Rows) 

To Plants (Columns) for WCO model ...................................................................................... 96 
Table 9.15 Distance IB (km) Between Distribution Centers (Rows) and Routes inside districts 

(Columns) for WCO model ...................................................................................................... 97 
Table 9.16 Giza government constructing data ........................................................................ 99 

Table 9.17 Giza government routes average travelling time and distances constructing data . 99 
Table 9.18 Clustered routes distance and time data ................................................................ 100 
Table 9.19 Inbound (IB) transportation distance in (km) between Distribution Centers (Rows) 

and routes inside districts (Columns) ...................................................................................... 101 
Table 9.20 Outbound (OB) transportation distance in (km) Between Distribution Centers 

(Rows) and plant locations (Columns) ................................................................................... 101 

Table 9.21 Total model average WCO disposal in kg ............................................................ 101 

Table 9.22 WCO plant location Vs. Supply Chain cost 70% basis ........................................ 108 
Table 9.23 Raw material and product cost of the biodiesel from WCO plant Egypt case after 

supply chain model integration 70% basis [60] [61] .............................................................. 109 
Table 9.24 Economic study (MM USD) of the biodiesel from WCO plant Egypt case after 

supply chain model integration 70% basis [60] ...................................................................... 110 
Table 9.25 Probable variation of key parameters over biodiesel from WCO plant life 70% 

basis [60] ................................................................................................................................. 111 
Table 9.26 Economic feasibility study basis for biodiesel from WCO plant 70% basis [60] 111 
 

  

file:///G:/Thesis/Thesis/SUPPLY%20CHAIN%20DESIGN%20NETWORK%20MODEL%20FOR%20BIOFUEL%20AND%20PETROCHEMICALS%20FROM%20BIOWASTE.docx%23_Toc450173928
file:///G:/Thesis/Thesis/SUPPLY%20CHAIN%20DESIGN%20NETWORK%20MODEL%20FOR%20BIOFUEL%20AND%20PETROCHEMICALS%20FROM%20BIOWASTE.docx%23_Toc450173929
file:///G:/Thesis/Thesis/SUPPLY%20CHAIN%20DESIGN%20NETWORK%20MODEL%20FOR%20BIOFUEL%20AND%20PETROCHEMICALS%20FROM%20BIOWASTE.docx%23_Toc450173931
file:///G:/Thesis/Thesis/SUPPLY%20CHAIN%20DESIGN%20NETWORK%20MODEL%20FOR%20BIOFUEL%20AND%20PETROCHEMICALS%20FROM%20BIOWASTE.docx%23_Toc450173931
file:///G:/Thesis/Thesis/SUPPLY%20CHAIN%20DESIGN%20NETWORK%20MODEL%20FOR%20BIOFUEL%20AND%20PETROCHEMICALS%20FROM%20BIOWASTE.docx%23_Toc450173932
file:///G:/Thesis/Thesis/SUPPLY%20CHAIN%20DESIGN%20NETWORK%20MODEL%20FOR%20BIOFUEL%20AND%20PETROCHEMICALS%20FROM%20BIOWASTE.docx%23_Toc450173932
file:///G:/Thesis/Thesis/SUPPLY%20CHAIN%20DESIGN%20NETWORK%20MODEL%20FOR%20BIOFUEL%20AND%20PETROCHEMICALS%20FROM%20BIOWASTE.docx%23_Toc450173933

