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ABSTRACT 5 

 6 

The e-commerce environment is changing the dynamics of doing business rapidly but very often 7 

transportation problems hinder customer satisfaction. This paper seeks to minimize the cost of accessing and 8 

distributing petroleum products in e-commerce environment. The 0-1 mixed integer linear programming (0-1 9 

MILP) model was used to model the statement of problem: the simulation results suggest that increase in 10 

petroleum product demand increases total cost of operations and it can be minimize by reducing the cost of 11 

distance covered to access and distribute products. Besides a well-integrated activity of vehicles used for 12 

accessing and distributing scheduling plan into e-commerce pace of executing business may improve 13 

customers’ satisfaction. 14 

 15 
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1 INTRODUCTION 18 

 19 

Businesses in the twenty-first century are experiencing tremendous changes in doing business powered by 20 

the internet. Nowadays, business firm can share products data, information, advertisement, new business 21 

strategies and products, new product unveiling date etc. with other business (B2B) or customers (B2C) very 22 

quickly or fast via the internet. Businesses using the internet to sell their products accrued these advantages: (i) 23 

speed to the market: quick respond to changing market conditions, (ii) cost reduction of doing business: 24 

reduces business errors, decreases the use of labor and paper, provides better product tracking and delivery 25 

and cutting acquisition time, (iii) flexibility: custom interface between a company and its different clients, 26 

and (iv) shortening of the product delivery time (Lankford [1]). The first three advantages can be achieved 27 

during the business transaction on the internet but the last one involves other activities like transportation, 28 

product handling, traffic management and others. One way of shortening product delivery time is to schedule 29 

effective ways to transports goods from warehouses, manufacturing or distribution centers to customers by 30 

optimizing the frequency of transport and selecting cost efficient transport route (Ying & Dayong [2]). 31 

 32 

Transportation optimization problem in e-commerce environment has been studied widely and further 33 

researches are still ongoing. Chen [3] proposed convective transportation model to optimize logistics 34 

distribution problem in e-commerce. His results suggest that network convective distribution model reduces 35 

transportation cost, very effective and consumes less logistic resources compared to single convective 36 

distribution. Li et al. [4] applied mutilate-goal vehicles scheduling problem to investigate how time impact 37 

product delivery in e-commerce logistics distribution. Their results show that customers prefers to receive 38 

products they ordered online mainly in the afternoon with smaller width of time window. Customers’ 39 

preference of receiving products with smaller width of time mounts enormous pressure on transportation 40 

companies. Yang & Li [5] used vehicle routing problem with time window (VRPTW) to study vehicle 41 

scheduling problem under e-commerce environment. They used clustering analysis to analyze the problem 42 

and their simulation results revealed that VRPTW optimizes cost better than the traditional vehicle routing 43 

problem. Daly & Cui [6] identified transportation issues along waterways in China as a serious problem 44 
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hindering e-logistics management in China. 45 

 46 

Uzar & Catay [7] studied the distribution planning problem of bulk lubrication at BP Turkey. The problem 47 

involves the distribution of different lube production from a single production plant to industrial customers 48 

using a heterogeneous fleet. Their objective is to minimize total transportation related cost. They model the 49 

problem as a 0–1 mixed integer linear program with the first approach being a linear programming 50 

relaxation-based algorithm while the second is a rolling –horizon threshold heuristic. Using a real-data of BP 51 

Lubes logistics, they found that both variant of the rolling horizon threshold heuristic are able to provide good 52 

result very fast. Onut et al. [8] work on heterogeneous fleet vehicle routing model for solving liquefied 53 

petroleum gas distribution problem a case study in Turkey. Using real world data obtained from LPG 54 

Operating Company, their optimal solution aided in scheduling and assigning vehicle route daily.  55 

 56 

Avella et al. [9] address a daily petrol delivery problem using a heterogeneous fleet of tanks trucks. They 57 

assumed that the tanks are either completely full or completely empty and developed a formulation and 58 

branch-and-price algorithm. To test the performance of their approach they used a real-world data consisting 59 

of twenty-five customers and six tank trucks of three different types. Dondo et al. [10] worked on managing 60 

distribution in supply chain network focusing on downstream petroleum product. They developed a vehicle 61 

routing problem in supply chain management (VRP-SCM) to optimize complex distribution system. The 62 

VRP-SCM system allows two or more vehicle to visit a given location to perform a pickup and/or delivery 63 

operations and vehicle route may include several stops. Using a mixed integer liner programming (MILP), 64 

they solved the VRP-SCM problem which relies on a continuous- time representation. The approach provides 65 

a very detailed set of optimal vehicle routes and schedules to meet all products demand at minimum total 66 

transportation cost. 67 

 68 

The papers reviewed mainly focused on distribution optimization routing problem but in this paper the 69 

optimization routing problem seeks to minimize the cost of accessing and distributing petroleum products in 70 

e-commerce environment. Such optimization routing problem can be solved using 0–1mixed integer linear 71 

programming (0–1 MILP) model. The simulation result indicates that; (i) OMC’s petroleum product demand 72 

increment, increases vehicle usage strategy and further increases total cost of accessing and distributing 73 

products, (ii) total cost of accessing and distributing petroleum product increment is mainly contributed by 74 

distance covered cost to access and distribute product, and (iii) strong integration of vehicle accessing and 75 

distributing scheduling plan with e-commerce speed may improve customers’ satisfaction.  The rest of the 76 

paper is organized as follows section two defines the problem and 0–1 MILP mathematical model while 77 

section three deals with the simulation results and discussions. Section four concludes with the findings, 78 

future research and limitation of the paper.  79 

 80 

2 STATEMENT OF PROBLEM 81 

 82 

In general Oil Marketing Companies (OMC) can procure petroleum products from Oil Refinery Company 83 

(ORC) can be depicted as shown in figure 1. At first, OMC’s places and order via the internet, ORC 84 

acknowledges receipts of the order and forwards it to their logistics department to access and distributes 85 

petroleum product demand from ORC’s different storage sites. Petroleum products (gasoline, gasoil, LPG, 86 

kerosene) are stored at different sites (site A: gasoline, site B: gasoil, site C: LPG, site D: kerosene) to 87 

optimize storage capacity and to develop strategic usage of product at these sites. ORC vehicle warehouses 88 

are located at zones closer to the storage sites. Per OMC’s petroleum product order ORC is faced with 89 
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strategies to optimize the cost of accessing and distributing petroleum product to OMC’s filling 90 

shown in figure 2.  91 

 92 

 93 

 94 

 95 
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 99 

 100 

 101 

 102 

Figure 1, OMC Ordering Petroleum Products Online103 

 104 

 105 

 106 

 107 

 108 

 109 

 110 

 111 

 112 

 113 

 114 

 115 

 116 

 117 

118 

Figure 2, ORC Accessing and Distributing Petroleum Products119 

 120 

The problem of statement can be solved using 0121 

[9], Dondo et al. [10]). In developing 122 

petroleum products these assumption were taken into consideration: the model does not account vehicle 123 

delivery delay penalty cost example traffic disruptions, stopover at pervious stations, v124 

loading vehicle with petroleum product etc. Besides, ORC vehicles can ac125 

storage site daily, no limitations to the quantity of 126 

storage site during product loading. Vehicle dispatched from a warehouse after completing its accessing and 127 

delivery route cycle can be park at the nearby warehouse a128 

products. The cost of purchasing the petroleum product is 129 

accessing and distributing the petroleum product. 130 

model, refer to appendix for the nomenclature131 

2.1 0–1 MILP Mathematical Model 132 

 133 

The 0–1 MILP mathematical model is constructed by combining distances between warehouse, storage sites 134 
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Figure 2, ORC Accessing and Distributing Petroleum Products 

The problem of statement can be solved using 0–1 MILP model (Uzar & Catay [7], Onut et al. [8]

). In developing the vehicle route to optimize the cost of accessing and distributing 

petroleum products these assumption were taken into consideration: the model does not account vehicle 

delivery delay penalty cost example traffic disruptions, stopover at pervious stations, vehicle breakdowns, 

loading vehicle with petroleum product etc. Besides, ORC vehicles can access petroleum products from its

the quantity of product tons vehicle can access and there are no queues at 

product loading. Vehicle dispatched from a warehouse after completing its accessing and 

delivery route cycle can be park at the nearby warehouse and it can be used to deliver any kind of petroleum 

The cost of purchasing the petroleum product is not considered in the cost minimization structure of 

accessing and distributing the petroleum product. The next paragraph touches on the 0–1 MILP mathematical 
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and filling stations, petroleum products characteristics and demand, vehicle capacity and weight and the cost 135 

encompass accessing and distributing petroleum product in e-commerce environment. 136 

 137 
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 139 

Equation set 1 is the objective function of the 0–1 MILP mathematical model and the aim is to minimize the 140 

cost of accessing and distributing petroleum products in e-commerce environment over a whole accessing 141 

and distribution planning horizon. The cost incurred mainly arises from vehicles distance covered to access 142 

and distribute petroleum product and fixed cost. The cost equation comes in three parts, the first two parts 143 

covers the cost of accessing petroleum products form storage sites while the last part describes the cost of 144 
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distributing petroleum products to OMC’s various filling station. Constraint set 2 state that vehicles v are 145 

dispatched once from warehouse 1 and 2 and that of constraint 3 captures vehicles v starting point that is 146 

ORC’s warehouses. Constraint sets 4 and 5 describes how vehicles assigned to access and distribute 147 

petroleum products ends their route course (for example vehicle dispatched from warehouse 1 ends its routes 148 

course at warehouse 2). Vehicles used to access and distribute petroleum products are vehicles that can 149 

accommodate every petroleum product characteristics as shown in constraint 6. 150 

 151 

Constraint 7 and 8 states that the total load of vehicle v (i.e. the amount of petroleum product transported by a 152 

vehicle) cannot exceed the vehicle maximum volumetric and weight capacity respectively. That of constraint 153 

9 assumes that the total amount of petroleum product p delivered to each filling station z must always satisfy 154 

filling station demands. Since TULPZV is the amount of petroleum product p delivered by vehicle v to filling 155 

station z, constraint 10 establishes that the condition that a delivery operation performs by vehicle v at filling 156 

station z can only take place if the vehicle v has been assigned to filling station z and Q acts as delivery upper 157 

boundary.  158 

 159 

Constraint set 11 makes sure that every filling station z can at most be visited by a single vehicle during the 160 

planning horizon and the storage sites acts as a pure petroleum product lifting site as captured by constraint 161 

set 12. Constraint set 13 ensures that most vehicle v loaded with petroleum products can visit at most nine (9) 162 

filling stations while constraint sets 14 and 15 captures the route constraint of vehicles v visiting exactly one 163 

filling station first z and exactly one filling station last zʹ respectively. Constraint sets 16 and 17 state that a 164 

single filling station z can be visited first / last by vehicle v. Finally constraint 18 state that vehicle v must visit 165 

filling station z before visiting filling station z
ʹ
.  166 

 167 

3 SIMULATION ANALYSES AND DISCUSSION  168 

 169 

The developed 0-1 MILP model is simulated based on warehouses distance to storage sites, warehouse 170 

vehicles types and characteristics, petroleum products characteristics, distance between storage sites and 171 

filling stations, and filling station petroleum products demands. The Generalized Algebraic Modeling System 172 

(GAMS) software (Rosenthal (2014)) 64-bits, CPLEX 24.3.3 and an Intel (R) Pentium (R) 987 CPU 173 

1.50-GHz, 4.00-GB RAM computer was used to analyze three different cases of accessing and distributing 174 

petroleum products to ascertain the robustness of the 0-1 MILP model and tables 1 to 5 capture the assumed 175 

parameters used. 176 

 177 

Table 1 178 

Warehouse Vehicle Characteristics 179 

 Vehicle Characteristics 

Warehouse 

1 & 2 house 

5 Vehicles 

(V1-V5) 

Vehicles Volume 

(m3) 

Weight 

(kg) 

Loading 

Products (m3 ) 

Distance Unit 

Cost (km/hr) 

V1, V2, V3 25 20000 6000 0.45 

V4 20 15000 5000 0.38 

V5 18 12000 4000 0.25 

 180 

Table 2 181 

Distance between Warehouse and Storage Sites 182 

 Storage Sites 
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Warehouse A B C D 

W1 6 5 - - 

W2 - - 4 7 

 183 

Table 3 184 

Petroleum Products Characteristics 185 

 P1 P2 P3 P4 

Weight (kg) 3.86 3.03 2.03 4.80 

Volume (m3) 0.015 0.020 0.005 0.030 

 186 

Table 4 187 

Distance between Petroleum Product Storage Site and Filling Stations 188 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

A 105 25 115 30 58 77 85 198 295 365 280 188 

B 18 33 108 152 28 357 248 146 23 197 305 99 

C 125 142 27 44 98 248 121 272 72 303 185 19 

D 29 172 17 114 87 72 178 221 34 208 325 08 

Table 5 189 

Filling Stations Demand of Refined Petroleum Products 190 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

P1 1000 800 1500 950 1050 1200 700 900 850 1000 1000 950 

P2 1000 1000 700 1450 1000 600 1000 850 650 750 1090 870 

P3 900 1200 1100 850 1250 800 950 800 1050 1000 1200 820 

P4 1040 850 950 1300 1200 400 1100 1000 800 750 800 800 

 191 

3.1 Three Cases of Accessing and Distributing Petroleum Products 192 

Case 1 193 

Considers OMC’s ordering two petroleum products (gasoline and LPG) in e-commerce environment to be 194 

delivered to 10 filling stations. 195 

 196 

Strategy: Per OMC demand, ORC can allocate a vehicle each from its warehouses to access and distribute 197 

the petroleum products (gasoline and LPG) to the 10 filling stations. The total cost of accessing and 198 

distributing OMC’s demand is $1302.90 and the planning route for each petroleum product is shown in figure 199 

3. The strategy satisfies each filling station petroleum product demand leaving a surplus which can be used to 200 

fuel vehicles. 201 

 202 

 203 

 204 

 205 

 206 

Figure 3, Accessing and distributing Gasoline and LPG 207 

 208 

Case 2 209 

Considers OMC’s ordering petroleum products (gasoline, gasoil, LPG and kerosene) in e-commerce 210 
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environment to be delivered to 20 filling stations. 211 

 212 

Strategy: In order to fulfill OMC’s demand, ORC can allocate two vehicles each from its warehouses, one for 213 

each petroleum product (gasoline, gasoil, LPG and kerosene) to access and distribute the petroleum products 214 

to the 20 filling stations. The total cost for accessing and distributing the petroleum products is $7597.40 and 215 

the planning route for each petroleum product is shown in figure 4.  216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 

Figure 4, Accessing and Distributing Gasoline, Gasoil, LPG and Kerosene to 20 Filling Stations 226 

 227 

Case 3 228 

Considers OMC’s ordering petroleum products (gasoline, gasoil, LPG and kerosene) in e-commerce 229 

environment to be delivered to 48 filling stations. 230 

 231 

Strategy: ORC can satisfy OMC’s petroleum product demand by allocating 8 vehicles, four from each 232 

warehouse, and two vehicles for each petroleum product (gasoline, gasoil, LPG and kerosene) to access and 233 

distribute petroleum product to the 48 filling station. The total cost of accessing and distributing the 234 

petroleum products is $69304.96 and the planning route is shown in figure 5. From figure 5, it can be seen 235 

that vehicle 2, 3, 6 and 7 finishes their mission by visiting vehicles 1, 4, 5 and 8 last filling stations 236 

respectively: this is due to insufficient petroleum product delivered by vehicles 1, 4, 5 and 8.  237 

 238 

From the three cases analyzed it can be deduced that total cost of accessing and distributing petroleum 239 

products increases with increase in OMC’s demand. Increasing OMC’s petroleum products demand increases 240 

the number of filling stations to serve with petroleum products, increases the number of vehicles used by 241 

ORC and increases total cost this shows the robustness of the 0-1 MILP model (refer to figure 6). The main 242 

cost element that contribute to total cost increment is distance cost between petroleum product storage site 243 

and filling stations: nearer distance to filling stations reduces total cost, farer distance to filling station 244 

increase total cost and a mixture of nearer and farer distance to filling stations average total cost. That 245 

notwithstanding, short distance between petroleum product storage site and filling stations breed extensive 246 

development of a particular petroleum product in a specific locality discouraging the development of the 247 

same product in other locality. 248 

 249 

Besides, the number of filling station to be supplied with petroleum products impact ORC vehicles strategy to 250 

minimize the total cost of accessing and distributing petroleum products. In a case where petroleum products 251 

demand by OMC is clustered around a storage site, vehicles would be dispatched from a warehouse closer to 252 

the storage site to access and distribute the product in order to minimizing total cost. Finally, the advantages 253 

amassed by ORC using the internet to sell their product may face a major setback if strategies used to access 254 

and distribute petroleum products are not well integrated into it. ORC can integrate their accessing and 255 
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distributing petroleum product into the internet pace of running business by considering: (i) researching into 256 

shorter distance routes from storage sites to filling stations and (ii) ORC and OMC’s investing into accessing 257 

and distribution automation system using pipelines. Such project are capital intensive in its initial stages but 258 

less costive in long run.  259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

 275 

 276 

 277 

 278 

Figure 5, Accessing and Distributing Gasoline, Gasoil, LPG and Kerosene to 48 Filling Stations 279 

 280 

4 CONCLUSIONS 281 

 282 

Inefficient transportation scheduling can dent the advantages of shopping for a product online. Several 283 

studies have suggested ways of optimizing vehicles distribution scheduling in e-commerce environment but 284 

this paper seeks ways to minimize the cost of accessing and distributing petroleum products in e-commerce 285 

environment. The statement of problem was solved using 0-1 mixed integer linear programming model (Uzar 286 

& Catay [7], Onut et al. [8], Avella et al. [9], Dondo et al. [10]) by taken certain assumptions into 287 

consideration. GAMS was used to analyze three different scenarios to ascertain the robustness of the 0-1 288 

MILP model. In solving the three scenarios, three different strategies were applied to minimize the cost of 289 

accessing and distributing petroleum product in e-commerce environment. OMC’s demand increment, 290 

increases vehicles used to access and distribute product whereas distance between storage site and filling 291 

stations impact implicitly on total cost. In order to improve customers’ satisfaction ORC needs to vigorously 292 

integrate vehicles accessing and distribution scheduling plan with e-commerce pace. The limitation of this 293 

paper may be traced to the 0-1 MILP model assumption taken and vehicle and distance parameters assumed 294 

variables. Because any change in the assumption and the assumed parameters variable may alter the total cost 295 

value and tilt the explanation. In term of future research, research can be conducted by expanding the 0-1 296 

MILP assumptions (for example including cost of delay penalty, vehicle breakdown cost, limitation of 297 

product availability due to product shortages, etc.) to verify its robustness.  298 

 299 

V8 

V7 

V7 

V5 

V6 

V6 

V3 
V3 

V4 

V1 

V2 
V2 

F12 

F3 

V4 

V3 

V2 

V1 
A W2 W1 F2 F6 F4 F5 F1 

W1 F7 F10 F9 F11 F8 A 

W2 

W1 B F1 

F9 

F5 

F7 

F2 

F8 

F3 

F10 

F4 

F11 B W1 

F6 

F12 

V8 

V7 

V6 

V5 
C W2 F3 F4 F5 F2 F1 

W2 F12 F9 F7 F11 F8 C 

W2 D F3 

F12 

F1 

F9 

F5 

F7 

F6 

F10 

F4 

F8 

W1 

W1 D W2 

F6 

F10 

F2 

F11 

UNDER PEER REVIEW



 300 

Figure 6, Increasing OMC’s Petroleum Products Demand 301 
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Nomenclature 333 

 334 

Subscripts 

z, z
′    nodes 

p, p
′
   products 

v, v
′
    vehicles  

s   petroleum product storage site 

w   warehouse 

Sets 

P   sets of petroleum products 

V   sets of vehicles 

W   sets of warehouses 

Z   sets of filling stations 

S   sets of storage sites 

Parameters 

VCV   vehicle v volume capacity 

WCV   vehicle v weight capacity 

DZZ
ʹ
   distance between filling station z and z

ʹ
 in kilometers 

DEMPZ  demand of petroleum products p at various filling stations z 

DCPV  unit distance cost for delivery petroleum products p using vehicle v 

TLPVS  total amount of petroleum product p loaded on vehicle v at storage site s 

TULPZV  total amount of petroleum product p unloaded at filling station z from vehicle v 

UVP   unit volume of petroleum product p 

UWP   unit weight of petroleum product p 

Q   upper boundary of constraint 

Binary Variable 

WV   set of vehicles v housed at oil refiner company warehouse 

DVVP  variable denotes vehicle v is used for delivering petroleum products p 

LFSVZ
ʹ

V  variable determines that filling station zʹ is the last filling station vehicle v visited 

FFSVZV  variable determines that filling station z is the first filling station vehicle v visited 

FVZ
ʹ

Z   variable denotes vehicle v visited filling station z
ʹ
 after visiting filling station z 

NVZV  variable determines that first filling station z is visited by vehicle v 

NVZ
ʹ

V  variable determines that last filling station z
ʹ is visited by vehicle v 

WWV12  variable denotes vehicle v was dispatched from warehouse 1 and parked at warehouse 2 after  

completing its delivery cycle 

WWV21  variable denotes vehicle v was dispatched from warehouse 2 and parked at warehouse 1 after  

completing its delivery cycle 

XXVP  variable denotes vehicle v can be used to deliver any petroleum product p 
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