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ABSTRACT 

In this paper, the fuel distribution network from fuel 

farms to a set of filling stations in the North of Mexico 

City is simulated and optimized. At present, the company 

supplies the fuel with a homogenous fleet and it is 

interested in including a heterogeneous fleet seeking to 

minimize the ordering, holding, and transportation costs, 

within constraints of inventory in filling stations, as well 

as the truck capacity. Data collection, demand analysis, 

and inventory and transport cost calculations are 

proposed for the simulation in the network; we propose 

a mathematical model with metaheuristics Greedy 

Randomized Adaptive Search Procedure (GRASP), with 

elements of linear programming. Finally, the results are 

analyzed getting 44.8 per cent in savings when compared 

with the current situation 

Keywords: Mathematical model; metaheuristics; 

GRASP; inventory; transports; supply chain 

managements; fuels. 

1. INTRODUCTION 

Fuel supply has been studied since 1959, when Dantzig 

and Ramser, evaluated the optimization of gasoline-

transporting vehicle routing from a terminal to different 

fuel stations. 

Since then, a variety of bibliographical material on 

optimization and simulation of fuel supply has been 

published, most of them on optimization of the 

distribution from production sites to refineries, as well as 

from refineries to mayor storage terminals, mostly by 

pipelines. 

Since then, a variety of bibliographical material on 

optimization and simulation of fuel supply has been 

published, most of which deals with optimization of the 

distribution from production sites to refineries, as well as 

from refineries to major storage terminals, mainly by 

pipelines. 

Nowadays, the Supply Chain Management of petroleum 

fuel is very important for the development of human life 

in each community of the planet. Mexico City is one of 

the most populous cities in Latin America and the world; 

the supply of fuel in all of boroughs is not easily 

achieved. The goal of this work was to obtain a 

mathematical optimization of the quantity of each fuel 

station and the minimization inventory and transport 

costs. 

2. PROBLEM STATEMENT 

Mexico City has four fuel farms, that supply with three 

types of fuel: Fuel A (FA), Fuel B (FB) and Diesel (D) 

to 371 Filling Station (FS) in 16 boroughs and some 

suburban towns within the metropolitan area. The fuel 

farm has a homogenous fleet for supply with fuel to each 

FS. 

In the FS, a continuous review and control inventory 

system and a weekly demand forecasting and scheduling 

method have been implemented, because it is necessary 

to have a good service level for the costumer. 

Currently the company supplies the fuel from the fuel 

farm to the FS with a homogenous fleet of trucks with 

capacity of 20,000 cubic meters. The enterprise is 

interested in knowing if a heterogeneous fleet and their 

scheduling is convenient for the supply in the borough of 

Azcapotzalco in the North of Mexico City in order to 

minimize the inventory and transport costs. The studied 

region is shown in the Figure 1. 

 
Figure 1: Study region and FS localization. 

Source: Adapted of http://www.ubicalas.com 

Now we will present a supply and management inventory 

proposal where we hope to decrease the inventory and 

transport cost, furthermore to determine the optimal type 

of truck for the supply. To validate this information the 

research of other authors like Coelho, Cordeau y Laporte 

(2012) was used as a reference, where they make a 
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mathematical model that minimized inventory and 

transport cost of the vehicle fleet; Kasthuri y Seshaiah 

(2013) presented an inventory model with a lot of 

product with dependent demand; and Genedi y Zaki 

(2011) proposed a model for quality control in the 

inventories. 

3. MATERIALS AND METHODS 

3.1.  Data collection 

There is only data of monthly demand of FS1 and FS6 

(between January 2014 and October 2015). To get the 

demand data of 16 FS, a geometric structure called the 

Voronoi Diagram (Guth & Klingel, 2012) was used to 

limit the supply area (Okabe, Boots & Sugihara 1992) of 

each FS and to get the estimated demand in relation to 

population. This data was obtained with tools like 

AutoCAD and the database of The National Insitute of 

Statistics and Geography (http://www.inegi.org.mx/). 

3.2. Demand behavior 

The analysis of demand behavior of fuel was made with 

a Coefficient of Variation (CV) developed with Peterson 

& Silver (1987); this is used to know if the demand is 

deterministic or probabilistic (Andrade et al., 2014). If 

the CV is less or equal to 0.2, the data is poorly dispersed 

in relation with the mean, because the demand is 

considered deterministic. The CV is the ratio between the 

variance and the mean squared like is in the Equation 1. 

𝐶𝑉 =
𝜎2

𝐷𝑀2
 (1) 

3.3. Transport and inventory costs 

The transport cost is calculated for the three types of 

different trucks; it is classified according to its capacity: 

10, 20 and 60 cubic meters. This cost is proportional to 

distance between the fuel farm and the FS, the 

performance and the efficiency by type of fuel, and the 

cost per liter of fuel. 

Table 1. Holding cost 
 Holding Cost [$/m³/month] 

FS FA FB Diesel 

1 $0.09  $0.32 $0.15 

2 $0.04  $0.12  $0.06 

3 $0.08 $0.26 There is not  

4 $0.04 $0.13 There is not 

5 $0.04 $0.13 There is not 

6 $0.05 $0.16 $0.08  

7 $0.13 $0.41 There is not 

8 $0.03 $0.09 $0.04  

9 $0.02 $0.06 There is not 

10 $0.06 $0.21 $0.10  

11 $0.01 $0.05 $0.02  

12 $0.02 $0.06 $0.03  

13 $0.05 $0.18 $0.09  

14 $0.04 $0.13 There is not 

15 $0.03 $0.10 There is not 

16 $0.04 $0.14 $0.07  

17 $0.05 $0.16 $0.23  

18 $0.09 $0.31 $0.15  

Source: Elaborated by the author 

The inventory cost is composed with the order and 

holding (Mora, 2008). The holding cost consider the 

series to storage fees with relation value of the land, 

opportunity cost, workforce, insurance, and energy 

consumption (Benítez, 2012). The order costs are the 

fixed costs involved in making the fuel order. In Table 1 

the values of the cost are described. 

Table 2. Transport cost 

 Transport Cost [$/truck] 

FS Truck 10 m³ Truck 20 m³ Truck 40 m³ 

1 $3.95 $4.18 $6.13 

2 $4.58 $4.85 $7.10 

3 $2.33 $2.47 $3.62 

4 $3.05 $3.23 $4.73 

5 $3.47 $3.68 $5.38 

6 $4.55 $4.82 $7.05 

7 $2.57 $2.73 $3.99 

8 $4.82 $5.10 $7.47 

9 $5.15 $5.45 $7.98 

10 $3.17 $3.36 $4.92 

11 $1.29 $1.36 $2.00 

12 $2.99 $3.17 $4.64 

13 $2.81 $2.98 $4.36 

14 $2.27 $2.41 $3.53 

15 $1.77 $1.87 $2.74 

16 $2.69 $2.85 $4.18 

17 $3.83 $4.06 $5.94 

18 $5.12 $5.42 $7.94 

Source: Elaborated by the author 
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3.4. Mathematical Model 

Table 3: Parameters, index and decision variables. 

Item Descriptions 

In
d

ex
 

I A set of fuel, i = FA, FB, D 

J A set of truck, j = Truck 10 m3, 

Truck 20 m3, Truck 40 m3, 

K A set of FS, k = FS1, FS2, …, 

FS18 

P
a

ra
m

et
er

s 
 

Dik Demand of fuel i in the FS k 

[m3/month]. 

Chik Holding cost fuel i in the FS k 

[$/m3/month]. 

Coik Order cost fuel i in the FS k 

[$/order]. 

Ctjk Transport cost truck j in to supply 

fuel in the FS k [$/ truck]. 

Ctrj Capacity truck j [m3]. 

Cesik Capacity FS [m3]. 

D
ec

is
io

n
 

v
a

ri
a

b
le

s Qijk Quantity fuel i to order with truck 

j in the FS k [m3]. 

Tijk Numbers trucks j to supply fuel i in 

the FS k [numbers]. 

Source: Elaborated by the author 

The variables involved in the design of the network of 

fuel distribution in Azcapotzalco is related with customer 

needs and the networks costs (Chopra, 2001). The index, 

parameters and decision variables are shown in Table 3. 

For the mathematical formulation, a nonlinear 

programing mixed integer was developed, where the 

objective function is nonlinear and the constraints are 

linear. Equation 2 is the objective function that 

minimizes the holding, order and transport costs. 

Equation 3 says that the order quantity cannot exceed the 

inventory capacity in the FS; Equations 4 and 5 are the 

contrast about filling the truck between 90 and 95 per 

cent of its capacity; finally, Equation 6 is related with 

nature of variables like non-negative and the number of 

truck like integer. 

𝑀𝑖𝑛 𝐶𝑇 =  ∑ ∑ ∑ 𝐶ℎ𝑗𝑘 ∙ 𝑄𝑖𝑗𝑘 + ∑ ∑ ∑ 𝐶𝑜𝑖𝑘 ∙
𝐷𝑖𝑘

𝑄𝑖𝑗𝑘

18

𝑘=1

3

𝑗=1

3

𝑖=1

18

𝑘=1

3

𝑗=1

3

𝑖=1

+ ∑ ∑ ∑ 𝐶𝑡𝑗𝑘 ∙ 𝑇𝑖𝑗𝑘

18

𝑘=1

3

𝑗=1

3

𝑖=1

 (2) 

∑ ∑ ∑ 𝑄𝑖𝑗𝑘 ≤ 𝐶𝑒𝑠𝑖𝑘 

18

𝑘=1

        ∀𝑖, 𝑘                                            

3

𝑗=1

3

𝑖=1

 (3) 

𝑄𝑖𝑗𝑘 ≥ 90% ∙ 𝐶𝑡𝑟𝑗 ∙ 𝑇𝑖𝑗𝑘               ∀𝑖, 𝑗, 𝑘 (4) 

𝑄𝑖𝑗𝑘 ≤ 95% ∙ 𝐶𝑡𝑟𝑗 ∙ 𝑇𝑖𝑗𝑘               ∀𝑖, 𝑗, 𝑘 (5) 

𝑄𝑖𝑗𝑘 ≥ 0,     𝑇𝑖𝑗𝑘 ≥ 0        𝑇𝑖𝑗𝑘 ∈ ℤ                  ∀𝑖, 𝑗, 𝑘 (6) 

3.5. Simulation developed with GRASP Algorithm 

The simulation model was based on imitation, with a 

mathematical model, a real situation, the study of the 

properties and operative characteristics (Heizer, 2008). 

This model was developed using the metaheuristic 

GRASP; the search algorithm has two phases: building a 

feasible solution and a local search with iterations in the 

neighborhood where the solutions are found (Festa, 

2009). 

The building solution is developed in Microsoft Excel 

2016 where 48 different feasible combinatories were 

found for transporting fuel from fuel farms to FS. Two 

variables were defined: αijk y ßijk.  

Table 4. Variables αijk y ßijk. 

Variables Description 

αijk Alternative to supply fuel for fuel i, 

truck j and FS k. This variable is 

associated with Tijk (numbers trucks). 

ßijk. Percentage filling truck. It takes the 

values 90, 91, …, 95 per cent. It is 

defined to supply fuel for fuel i, truck j 

and FS k. 
Source: Elaborated by the author 

The variables αijk y ßijk are necessary for the formation 

with variable Qijk (order quantity) represented in 

Equation 7 and then in Equation 8 that represented the 

total cost supply (CTijk). These variables are simulated in 

each iteration, while the better solution is found. 

𝑄𝑖𝑗𝑘 = 𝑇𝑖𝑗𝑘(𝛼𝑖𝑗𝑘) ∙ 𝛽𝑖𝑗𝑘 ∙ 𝐶𝑡𝑟𝑗        ∀ 𝑖, 𝑗, 𝑘 (7) 

𝐶𝑇𝑖𝑗𝑘 = 𝐶ℎ𝑗𝑘 ∙ 𝑄𝑖𝑗𝑘 + 𝐶𝑜𝑖𝑘 ∙
𝐷𝑖𝑘

𝑄𝑖𝑗𝑘
+ 𝐶𝑡𝑗𝑘 ∙ 𝑇𝑖𝑗𝑘 (8) 

The description about algorithm is explain below:  

Algorithm 
1: Set high value to variable CTijk* 
2: while iterations < total iterations { 
    set αijk y ßijk 

            if (CTijk’ ≤ CTijk* & CTijk !=0) { 
            CTijk* = CTijk’ 
            else 
            CTijk* = CTijk* 
            } 
    } 

𝟑: 𝑀𝑖𝑛 = ∑ ∑ ∑ 𝑌𝑖𝑗𝑘𝐶𝑇𝑖𝑗𝑘
∗

18

𝑘=1

3

𝑗=1

3

𝑖=1

 

∑ 𝑌𝑖𝑗𝑘 ≥ 1

3

𝑗=1

 

∑ 𝑌3𝑗𝑘 = 0         ∀ 𝑘 = 3, 4, 5, 7, 9, 14, 15.

3

𝑗=1

 

𝑌𝑖𝑗𝑘 ∈ {0,1} 

4: END 
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The first step is the initialization phase, where variable 

CTijk setting value 999,999. The second stage is the local 

search when it stops the total iterations defined by the 

user. 

In each iteration there are setting random variables 

permitted for αijk y ßijk with the proposal the to building 

a set of solutions CTijk’. If CTijk’ is less than to CTijk* 

and non-equal to zero, this variable is saved like the new 

CTijk*, otherwise CTijk* is the same value. 

When the iteration stops, it is applying a linear binary 

programming: the objective function minimizes the 

inventory and transport cost for to supply fuel i, truck j 

and FS k. The first constrains assures the supply fuel to 

everything all the FS. The second constrains says the FS 

is not suppliedy with Diesel. And Then the last constrains 

is are about the binary nature binary of decision 

variables. 

4. RESULTS 

The developmented of the model was compiled in Dev-

C++ with language programming C++ making 100 

million iterations in Windows 10, using an Intel Core i3 

processor, Intel Core i3 CPU 2.40 GHz CPU for the 

stages 1 and 2. SThe stage 3 was run in Solver of 

Microsoft Excel 2016. The results are available in the 

Tables 5 and 6. 

Table 5. Quantity of gas by FS. 

FS FA [m3] FB [m³] Diesel [m³] 

1 76 38 76 

2 95 76 76 

3 95 38 0 

4 95 76 0 

5 95 76 0 

6 76 76 76 

7 76 38 0 

8 95 76 76 

9 95 76 0 

10 95 76 76 

11 95 95 95 

12 95 76 95 

13 95 76 76 

14 95 76 0 

15 95 76 0 

16 95 76 76 

17 95 76 38 

18 76 38 76 

Average 90.8 68.6 46.4 

Source: Elaborated by the author 

Table 6. Number of truck and capacity [m3]. 

FS N° Truck FA/ 

Cap [m3] 

N° Truck FB/ 

Cap [m3] 

N° Truck 

Diesel/ Cap 

[m3] 

1 2 40 1 40 2 40 

2 5 20 2 40 2 40 

3 5 20 1 40 0 0 

4 5 20 2 40 0 0 

5 5 20 2 40 0 0 

6 2 40 2 40 2 40 

7 2 40 1 40 0 0 

8 5 20 2 40 2 40 

9 5 20 2 40 0 0 

10 5 20 2 40 2 40 

11 5 20 5 20 5 20 

12 5 20 2 40 5 20 

13 5 20 2 40 2 40 

14 5 20 2 40 0 0 

15 5 20 2 40 0 0 

16 5 20 2 40 2 40 

17 5 20 2 40 1 40 

18 2 40 1 40 2 40 

Source: Elaborated by the author 

In Table 7 it is shown that the saving holding costs and 

transport costs are increased on average 69.8 and 118.6 

per cent respectively, while the order costs are reduced 

on average in 59.8 per cent. A relevant aspect to consider 

is that the increase in holding and transport costs are not 

as significant as the the order costs, mainly because the 

holding cost is cheaper than the order cost. In general, the 

total saving is 44.8 per cent, equivalent to $1,980 each 

month. 

Finally, the saving total in a year is $23,770.61, in 

Figure 2 a graph of the current and the proposed 

costs is shown. 

Table 7. Current situation versus proposal situation 

  Actual situation monthly  Proposal situation monthly 

FS Hold 

Cost.  

Order 

Cost 

Trans 

Cost 

Hold. 

Cost.  

Order 

Cost 

Trans 

Cost 

1 $9.9 $182.1 $12.5 $15.4 $51.8 $30.6 

2 $5.0 $289.1 $24.2 $8.2 $112.6 $52.6 

3 $5.6 $159.9 $4.95 $8.6 $41.3 $15.9 

4 $3.2 $195.9 $9.7 $6.7 $68.8 $25.6 

5 $3.6 $145.9 $14.7 $6.9 $66.1 $29.1 

6 $5.5 $256.6 $19.2 $11.0 $89.7 $42.3 

7 $8.9 $102.1 $5.45 $12.6 $30.5 $11.9 
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8 $4.4 $272.0 $35.7 $6.4 $141.3 $55.4 

9 $2.1 $245.1 $32.7 $3.2 $144.6 $43.2 

10 $6.9 $203.6 $13.4 $14.4 $63.0 $36.4 

11 $3.3 $389.6 $13.6 $4.1 $240.0 $20.4 

12 $3.8 $341.5 $25.3 $4.9 $187.2 $40.9 

13 $6.0 $234.9 $11.9 $12.6 $72.8 $32.3 

14 $3.5 $149.5 $9.6 $6.7 $67.7 $19.1 

15 $3.0 $171.3 $9.3 $5.2 $90.7 $14.8 

16 $4.6 $308.6 $11.4 $9.6 $95.6 $30.9 

17 $8.2 $194.6 $16.2 $12.6 $73.6 $38.1 

18 $9.5 $189.8 $16.2 $14.9 $53.9 $39.6 

Avg $5.4 $224.0 $15.9 $9.1 $94.0 $32.2 

Source: Elaborated by the author 

5. CONCLUSIONS 

According to the response of GRASP algorithm there is 

a monthly saving of 44.8 per cent in cost, using a 

heterogeneous fleet. The company needs to implement a 

new system of supply fuel.  

The GRASP is a metaheuristic technique, when it is 

possible to find a better solution in this problem with 

another algorithm. 

 
Figure 2: Economic benefits 

Source: Elaborated by the author 
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