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5. Mathematical model

The supply chain design is a MILP programming method, considering the uncertainty associated with
the objective model function. The model links objective function, decision variables and constrains in a
cohesive equation-based model. First objective is selecting the best locations for (a) WCO raw materials
suppliers, (b) WCO distribution centres, and (c) biodiesel production plant, from predetermined candidate
locations, to minimize the total transit cost between these three points by constructing MILP network. Second
objective is to minimize the total cost (Z) used to calculate cost per unit weight for the WCO at the feed plant
inlet after designing the supply chain.

The objective is minimizing the total cost composed of raw material transportation cost, distribution center fixed
cost, distribution center storage variable cost, inbound transportation cost, outbound transportation cost, raw
material cost.

The more constrains the narrower the solution window range is. The model can order waste cooking oil amount
less than or equal to the total available amount from the collecting point, it can only deliver amount less than or
equal the storage capacity of distribution centers and if there is no inflow to any of the distribution centers, the
center is closed to minimize the fixed capital cost. The binary variable (Y)condition states that the number of
distribution centers opened is constrained by the minimum and maximum available and allowed number by the
user. For scaling up or down cost per kg of WCO is calculated using the total cost (Z) and the plant capacity of

8.186x10° kgly.

5.1 Objective function

Z=3%CiyXj+ YifiYi+ YiCs XYi+ iCIB XiKni + 3j COB X; Koj+ Cr 1)
5.2 Subjected to constrains

YiXi<SivieS 2
YiXj=2DjvjeD 3)
Xi=MjYis0Vi,j 4)
- (5)
YiYi < pMax (6)
Xijiz0Vi,j @)
Yi={0,1} Vi (8)

a. Decision variables
. X: WCO commaodities amount.
. Y: D.Cs whether to open or close binary variable.
b. Indices:
) i: Inbound Transportation Index. First phase: WCO Raw material areas. Second phase: WCO D.Cs.
. j: Outbound Transportation Index. First phase: WCO Distribution centers. Second phase: Plant.
C. Input Data:
. Ci;: Transportation cost for WCO D.C j from WCO raw material area i, biofuel plant j from D.C i.
. COB: Outbound transportation cost per distance per amount of WCO.
. CIB: Inbound transportation cost per distance per amount of WCO.
. Cs: Storage cost per amount of WCO.
o Cr: Raw material cost.
) Dj: WCO demand by D.C j from raw material area i, Biofuel plant j from WCO D.C i.
. Kn: Inbound transportation distance.
. Ko: Outbound transportation distance.
) Fi: Fixed cost for opening WCO D.C .
. M: Total WCO D.Cs capacities.
. PMax: Maximum WCO D.Cs available to open.
. PMin: Minimum WCO D.Cs available to open.
. Si: WCO raw material available supply at raw material areas and D.Cs.
. Z: Total cost.
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6. Case study in Egypt

6.1 Suggested locations

Egypt consists of 27 governments, Giza Government was the core of the case study, which is generalized and
applied for the other two governments Cairo and Alexandria. Number of participants per category for the three
collecting locations are mentioned in Table 1 with 270,000 residents participated in each government during the
project initial phase.

Table 1: Proposed model WCO disposal comparison percentages.

Distribution Clusters Restaurants Club Hotels Chips Residents
Restaurants factories

Dokki District 120 42 0 0 90,000

Al Haram District 70 0 11 0 90,000

6 October Village District 152 45 0 2 90,000

Total (3 Districts) 342 87 11 2 270,000

Collected WCO [kagly] 2,322,870 560,340 79,850 70,000 1,071,900

WCO share percentages 57 % 14 % 2% 2% 26 %

The three governments WCO production is 11.7x108 kg/y, WCO plant capacity is 8.19x108 kg/y, model is
operating with 70 % capacity of the proposed available collected WCO amount. Disposal percentage of Giza
35 %, Cairo 43 %, Alexandria 22 %. Supply chain Mixed integer linear problem model is of 108 routes, 150
user inputs, 99 variable, 54 main equation, solved using 2 different methods one using MATLAB and C sharp
and the other using Excel solver tools as shown in Figure 3a.

Since biodiesel is blended with petroleum diesel, therefore the best plant location is to be near a petroleum
refinery. In Egypt, there are 8 refineries of production capacity greater than 11,130 m3/d. Four of these
plants are in Alexandria government, one in Egypt capital Cairo government, Two in Suez government and one
in Assiut Government. SOPC (Suez Oil Processing Company). NPC (Nasr Petroleum Company). CORC
(Cairo Qil Refining Company). APC (Alexandria Petroleum Company). APRC (Amreya Petroleum
Refining Company). ASORC (Assiut Oil Refining). MIDOR (Middle East Oil Refinery Company). ANRPC
(Alexandria National Refining & Petrochemicals Company). In this proposed model, trade-offs are carried
between the three predetermined different plant locations.

These trade-offs are function in transportation distance for the following three plant locations: NPC (Nasr
Petroleum Company) in Suez. CORC (Cairo Oil Refining Company) in Great Cairo. APC (Alexandria
Petroleum Company) in Alexandria.

A proposed model is designed shown in Figure 3b, of 9 collecting areas, 9 distributions centres and 3 plant
areas. Trade-offs are carried using the model to choose the optimum location.

Supply Chain MILP
WCO Model
Optimization

o &€
7 3

Tam
£

Figure 3a: Supply Chain MILP Model Optimization Figure 3b: Supply chain possible route solutions
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inbound - Outbound

WCO Supply Chain Total Cost Comparison 70% Basis

3.40

Cost (MM USD /year)

338

® Nasr Petroleum Co. NPC  ® Alexandria Petroleum Co. APC  ® Cairo Oil Refining Co. CORC

Figure 6a: Total cost comparison Figure 6b: CORC solution results
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Figure7: Cash flow diagram of the biodiesel from WCO plant Egypt case

7. Conclusions

The potential of renewable fuel energy sources in Egypt is very big, but it needs more concern from the
government and investors. WCO is a strategic recycled raw material used for producing biofuel and
chemicals such as biodiesel and glycerol rather than dumping it. Each supply chain model is unique and
has its own parameters, the goal is to link all the parameters effectively. WCO is considered a cleaner
production source of fuel such as biodiesel.

Supply chain cost for WCO is of a big share of the total investment cost. As a result, the supply chain
designed parameters and variables are sensitive. Biodiesel reduces 78.5 % of CO2 emissions when using
petroleum diesel as a fuel source. Supply chain network designed is a decision supporting tool, which can
be solved by many programming languages. MATLAB SOFTWARE with the aid of C# (C Sharp)
programming language, EXECL SOLVER TOOL, were used to create the MILP model. This decision
supporting tool is used to construct a strategic decision based on an economic feasibility study of plant
data.
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