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Accessing and Distributing Petroleum Products in EEommerce Environment

ABSTRACT

The e-commerce environment is changing the dynarofcgloing business rapidly but very often
transportation problems hinder customer satisfactithis paper seeks to minimize the cost of acngssi
and distributing petroleum products in e-commeroeirenment. Applying 0-1 mixed integer linear
programming (0-1 MILP) model was used to model shatement of problem: the simulation results
suggested that increase in petroleum product denrardases total cost of operations and it can be
minimize by reducing the cost of distance coveredaccess and distribute products. Besides a
well-integrated activity of vehicles used for aciag and distributing scheduling planning into
e-commerce pace of executing business may imprast®mers’ satisfaction.

Keywords: E-commerce, Petroleum Products, 0-1 MILP

1 INTRODUCTION

Businesses in the twenty-first century are expeii@ntremendous changes in doing business powered b
the internet. Nowadays, business firms can shavdusts data, information, advertisement, new bgsine
strategies and products, new product unveiling é&tewith other businesses (B2B) or customers (B2C
very quickly or fast via the internet. Businessa@g the internet to sell their products accruesséh
advantages: (i) speed to the market: quick resgonthanging market conditions, (ii) cost reductian
doing business: reduces business errors, decrdfasasse of labor and paper, provides better product
tracking and delivery and cutting acquisition tir(ié) flexibility: custom interface between a coamy and

its different clients, and (iv) shortening of theoguct delivery time (Lankford [1]). The first thee
advantages can be achieved during the businessatt@on on the internet but the last one involviegio
activities like transportation, product handlingaftic management and others. One way of shortening
product delivery time is to schedule effective waysransport goods from warehouses, manufactuwing
distribution centers to customers by optimizing fhequency of transport and selecting cost efficien
transport route (Ying & Dayong [2]).

Transportation optimization problem in e-commerewimnment has been studied widely and further
research is still ongoing. Chen [3] proposed cotivectransportation model to optimize logistics
distribution problem in e-commerce. His resultsgag) that network convective distribution modeluess
transportation cost, very effective and consumeas legistic resources compared to single convective
distribution. Li et al. [4] applied mutilate-goaéhicles scheduling problem to investigate how timpact
product delivery in e-commerce logistics distributi Their results show that customers prefers ¢eive
products they ordered online mainly in the aftemaath smaller width of time window. Customers’
preference of receiving products with smaller widfhtime mounts enormous pressure on transportation
companies. Yang & Li [5] used vehicle routing pmeabl with time window (VRPTW) to study vehicle
scheduling problem under e-commerce environmergyTsed clustering analysis to analyze the problem
and their simulation results revealed that VRPTWnojizes cost better than the traditional vehiclatimg
problem. Daly & Cui [6] identified transportatiossues along waterways in China as a serious problem
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hindering e-logistics management in China.

Uzar & Catay [7] studied the distribution plannipigpblem of bulk lubrication at BP Turkey. The preil
involves the distribution of different lube prodiget from a single production plant to industriastamers
using a heterogeneous fleet. Their objective imitmize total transportation related cost. Theydeldhe
problem as a 0-1 mixed integer linear program wfté first approach being a linear programming
relaxation-based algorithm while the second isléngp—horizon threshold heuristic. Using a reatadaf
BP Lubes logistics, they found that both varianttiwé rolling horizon threshold heuristic are abte t
provide good result very fast. Onut et al. [8] work heterogeneous fleet vehicle routing model évisg
liquefied petroleum gas distribution problem a ces&ly in Turkey. Using real world data obtaineoir
LPG Operating Company, their optimal solution aidedcheduling and assigning vehicle route daily.

Avella et al. [9] address a daily petrol delivemplplem using a heterogeneous fleet of tanks trutksy
assumed that the tanks are either completely futtoonpletely empty and developed a formulation and
branch-and-price algorithm. To test the performawntetheir approach they used a real-world data
consisting of twenty-five customers and six tanicks of three different types. Dondo et al. [10]rkezl

on managing distribution in supply chain networlcusing on downstream petroleum product. They
developed a vehicle routing problem in supply chaianagement (VRP-SCM) to optimize complex
distribution system. The VRP-SCM system allows twanore vehicle to visit a given location to perfor

a pickup and/or delivery operations and vehicleteamay include several stops. Using a mixed integer
liner programming (MILP), they solved the VRP-SCMolplem which relies on a continuous- time
representation. The approach provides a very @etaiét of optimal vehicle routes and schedulesdgetm
all products demand at minimum total transportatost.

The papers reviewed mainly focused on distributiptimization routing problem but in this paper the
optimization routing problem seeks to minimize tlest of accessing and distributing petroleum prtsluc
in e-commerce environment. Such optimization raytproblem can be solved using 0—1mixed integer
linear programming (0—1 MILP) model. The simulati@sult indicates that; (i) OMC's petroleum product
demand increment, increases vehicle usage stratadyfurther increases total cost of accessing and
distributing products, (ii) total cost of accessiagd distributing petroleum product increment isinhya
contributed by distance covered cost to accessimtigbute product, and (iii) strong integrationwahicle
accessing and distributing scheduling plan wittosymerce speed may improve customers’ satisfaction.
The rest of the paper is organized as follows gadivo defines the problem and 0-1 MILP mathemhtica
model while section three deals with the simulatiesults and discussions. Section four concludés the
findings, future research and limitation of the @ap

2 STATEMENT OF PROBLEM

In general Oil Marketing Companies (OMC) can precpetroleum products from Oil Refinery Company
(ORC) can be depicted as shown in figure 1. At fi@MC’s places and order via the internet, ORC
acknowledges receipts of the order and forwards their logistics department to access and disiieib
petroleum product demand from ORC'’s different gjeraites. Petroleum products (gasoline, gasoil,,LPG
kerosene) are stored at different sites (site Aoljae, site B: gasoil, site C: LPG, site D: kereseto
optimize storage capacity and to develop stratag@ge of product at these sites. ORC vehicle wastso
are located at zones closer to the storage siersORIC’s petroleum product order ORC is faced with
strategies to optimize the cost of accessing asililoliting petroleum product to OMC's filling statis as
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shown in figure 2.Example computer assembling: computer parts maynbaufactured at differel
manufacturing site (affordable and cost friendiyd adispatched to assembly sites per cuers’ daily
order.

OoMC 1 OoMC 4

OMC 3 OMC 2
Internet

Logistics Department

of Oil Refinen

Oil Refinery Company

Figure 1,0MC Ordering Petroleum Products Onl

C nte [ Filling Stations 3€

Figure 2, ORC Accessing and Distributing PetroleRraduct:

The problem of statement can be solved us—1 MILP model (Uzar & Catay [7Pnut et al. [8, Avella et
al. [9], Dondo et al. [10] In developincthe vehicle route to optimize the cost of accesaimdj distributing
petroleum products these assumption were takenciomsideration: the model does niccount vehicle
delivery delay penalty cost example traffic disfaps, stopover at pervious stations, vehicle breakus,
loading vehicle with petroleum product etc. Besjd@RC vehicles can cess petroleum products from
storage site daily, no limitations tbe quantity ojproduct tonssehicle can access and there are no qu
at storage site during product loading. Vehiclgdished from a warehouse after completing its aicg
and delivery route cycle can be park at the neavbsehouse nd it can be used to deliver ¢ kind of
petroleum productsThe cost of purchasing the petroleum product is oonsidered in the co
minimization structure of accessing and distribgitihe petroleum producThe next paragraph touches
the 0—-1 MILP mathematical modeéfer to appendix for the nomenclal.



138 2.1 0-1 MILP Mathematical Model

139

140 The 0-1 MILP mathematical model is constructed bynloining distances between warehouse, storage
141 sites and filling stations, petroleum products ek#ristics and demand, vehicle capacity and weight
142 the cost encompass accessing and distributinglpeimoproduct in e-commerce environment.

143

w1 w2
min Z{(dA xn, * $0.50) + (dg * ng * $0.45)} + Z[(dc *ne * $0.6) + (dp *np * $0.65)]
v=1 v=1
v s
£ 7Y SIS iy + (DCpy * Dsg)} &
v=1s5=12z=1
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v=12z=1 v=1z=
v zP v zp
Z Z LFSVy, = Z Z DVyp VpeP (15)
v=1zp=1 v=1zp=1
FESVzy < NV VveV,VzeZ (16)
LESV,y, < NVgy VveV,VzeZ a7
Fyziz < NVyy VveV,VzeZ (18)

145

146 Equation set 1 is the objective function of the OHLP mathematical model and the aim is to minimize
147 the cost of accessing and distributing petroleurndpets in e-commerce environment over a whole
148  accessing and distribution planning horizon. Thet aacurred mainly arises from vehicles distanceeced
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to access and distribute petroleum product andifo@st. The cost equation comes in three partsfirgte

two parts covers the cost of accessing petrolewdyats form storage sites while the last part dessr

the cost of distributing petroleum products to OBl@arious filling station. Constraint set 2 statatt
vehiclesv are dispatched once from warehouse 1 and 2 ahafticanstraint 3 captures vehiclestarting
point that is ORC’s warehouses. Constraint setad & describes how vehicles assigned to access and
distribute petroleum products ends their route seyfor example vehicle dispatched from warehduse
ends its routes course at wareho@¥e Vehicles used to access and distribute petrolpuoducts are
vehicles that can accommodate every petroleum ptatharacteristics as shown in constraint 6.

Constraint 7 and 8 states that the total load bfclev (i.e. the amount of petroleum product transpobkgd
a vehicle) cannot exceed the vehicle maximum votimend weight capacity respectively. That of
constraint 9 assumes that the total amount of leetno productp delivered to each filling station must
always satisfy filling station demands. SintELpzy is the amount of petroleum prodyctdelivered by
vehiclev to filling stationz, constraint 10 establishes that the condition ¢éhdelivery operation performs
by vehiclev at filling stationz can only take place if the vehickehas been assigned to filling statiand

Q acts as delivery upper boundary.

Constraint set 11 makes sure that every filling@tez can at most be visited by a single vehicle dutiveg
planning horizon and the storage sites acts aseapmiroleum product lifting site as captured bgstmaint

set 12. Constraint set 13 ensures that most vehidaded with petroleum products can visit at méséen
(9) filling stations while constraint sets 14 ariichptures the route constraint of vehialessiting exactly
one filling station firstz and exactly one filling station lastrespectively. Constraint sets 16 and 17 state
that a single filling station z can be visited fiifdast by vehicles. Finally constraint 18 state that vehiele
must visit filling stationz before visiting filling statiorz.

3 SIMULATION ANALYSES AND DISCUSSION

The developed 0-1 MILP model is simulated basedvarehouses distance to storage sites, warehouse
vehicles types and characteristics, petroleum misdcharacteristics, distance between storage aitds
filling stations, and filling station petroleum mhacts demands. The Generalized Algebraic Modeling
System (GAMS) software (Rosenthal (2014)) 64-b@BLEX 24.3.3 and an Intel (R) Pentium (R) 987
CPU 1.50-GHz, 4.00-GB RAM computer was used to yamalthree different cases of accessing and
distributing petroleum products to ascertain tHaustness of the 0-1 MILP model and tables 1 toffure

the assumed parameters usdurce: Own Research

Table 1
Warehouse Vehicle Characteristics
Vehicle Characteristics
Warehouse Vehicles Volume Weight Loading Distance Unit
1&2 (m?) (kg) Products (M)  Cost (km/hr)
house 5 V1,V2,V3 25 20000 6000 0.45
Vehicles V4 20 15000 5000 0.38
(V1-V5) V5 18 12000 4000 0.25




189 Table 2
190 Distance between Warehouse and Storage Sites

Storage Sites
Warehouse A B C D
w1 6 5 - -
W2 - - 4 7
191
192 Table 3
193 Petroleum Products Characteristics
P1 P2 P3 P4
Weight (kg) 3.86 3.03 2.03 4.80
Volume (n?) 0.015 0.020 0.005 0.030
194
195 Table 4

196 Distance between Petroleum Product Storage Site ardlling Stations

F1 |Fr2 |3 |F4 | Fs | F6 | F7 | F8 | Fo | Fl0| R Fr2

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

197
198 Table 5
199 Filling Stations Demand of Refined Petroleum Produis

F1 |F2 |F3 |F4a |F5 | F6 | F7 | F8 | Fo | Fr0| Ful F12

P1 1000 800 1500 950 1050 1200 700 900 850 1000 10080
P2 1000 1000 700 1450 1000 600 1000 850 650 750 10910
P3 900 1200 1100 850 1250 800 950 800 1050 1000 120B0 8
P4 1040 850 950 1300 1200 400 1100 1000 800 750 8000 80

200

201 3.1 Three Cases of Accessing and Distributing Peteum Products

202 Casel

203 Consider OMC'’s ordering two petroleum products {fjae and LPG) in e-commerce environment to be
204 delivered to 10 filling stations.

205

206  Strategy: Per OMC demand, ORC can allocate a vehicle eaxch fts warehouses to access and distribute
207 the petroleum products (gasoline and LPG) to thefilliig stations. The total cost of accessing and
208  distributing OMC’s demand i$1302.90and the planning route for each petroleum prodsucthown in
209 figure 3. The strategy satisfies each filling statpetroleum product demand leaving a surplus wbah
210  be used to fuel vehicles.
211

212 wi 2 A > F2 F4 F5 F1 F3 > w2
213

V2
214 w2 —» c | F3 F1 F5 Fa F2 [ wi
215

216 Figure 3, Accessing and distributing Gasoline a3
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Case 2
Consider OMC’s ordering petroleum products (gaspligasoil, LPG and kerosene) in e-commerce
environment to be delivered to 20 filling stations.

Strategy: In order to fulfil OMC’s demand, ORC can alloedtvo vehicles each from its warehouses, one
for each petroleum product (gasoline, gasoil, LR@ kerosene) to access and distribute the petroleum
products to the 20 filling stations. The total ctmt accessing and distributing the petroleum potslus
$7597.40and the planning route for each petroleum produshown in figure 4.

w1 Vi, A > F2 F4 F5 F1 F3 —» W2
V2

Wi —» B |- F2 F4 F5 F1 F3 —» w2
V3

W2 —» Cc —» F3 F1 F5 F4 F2 [—» w1
V4

W2 —| D F3 F1 F5 F4 F2 w1

Figure 4, Accessing and Distributing Gasoline, Gh4d®G and Kerosene to 20 Filling Stations

Case 3
Consider OMC’s ordering petroleum products (gaspligasoil, LPG and kerosene) in e-commerce
environment to be delivered to 48 filling stations.

Strategy: ORC can satisfy OMC's petroleum product demandaligcating 8 vehicles, four from each
warehouse, and two vehicles for each petroleumyato@asoline, gasoil, LPG and kerosene) to acaeds
distribute petroleum product to the 48 filling stat The total cost of accessing and distributihg t
petroleum products 869304.96and the planning route is shown in figure 5. Fifggare 5, it can be seen
that vehicle2, 3, 6 and 7 finishes their mission by visiting vehiclds 4, 5 and 8 last filling stations
respectively: this is due to insufficient petrolepnoduct delivered by vehicles 1, 4, 5 and 8.

From the three cases analyzed it can be deduceédotih cost of accessing and distributing petroieu
products increases with increase in OMC’s demandrebsing OMC’s petroleum products demand
increases the number of filling stations to serith \wetroleum products, increases the number ofclesh
used by ORC and increases total cost this showsothestness of the 0-1 MILP model (refer to figéje
The main cost element that contribute to total @ostement is distance cost between petroleum mtodu
storage site and filling stations: nearer distatociling stations reduces total cost, farer digta to filling
station increase total cost and a mixture of neanef farer distance to filling stations averagaltobst.
That notwithstanding, short distance between petiral product storage site and filling stations breed
extensive development of a particular petroleumdped in a specific locality discouraging the
development of the same product in other locality.

Besides, the number of filling station to be supglwith petroleum products impact ORC vehiclestsgy
to minimize the total cost of accessing and distiity petroleum products. In a case where petroleum
products demand by OMC is clustered around a stosite, vehicles would be dispatched from a
warehouse closer to the storage site to accessliatribute the product in order to minimizing totadst.



263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

Finally, the advantages amassed by ORC using tamat to sell their product may face a major sekba
strategies used to access and distribute petropgaducts are not well integrated into it. ORC aategrate
their accessing and distributing petroleum prodhuict the internet pace of running business by a@rgig:

(i) researching into shorter distance routes froonage sites to filling stations and (i) ORC anMO's
investing into accessing and distribution autonmatgystem using pipelines. Such project are capital
intensive in its initial stages but less costivéoing run.

wi Ay oA o 2 | r6 | Fa | | F1 | F3 My owe
V2
Tv2
V2
wi 2 A F7 | F10 | Fo | F11 | F8 | F12
V3
wi = B [ F1 | | 2| 3| R4 | Fe
W3
V4 v
wi —» B F9 F7 F8 F10 F11 F12 W2
V4
w2 Bl ¢ b 3| Fa | s | 2| F1 | Fe > w1
V6
Ve
V6
w2 —=2» c | F12| ro | F7 | F11 | F8 | F10
V7
w2 — b | | s | Fe | Fa| R2
V7
w2 Y&, p Fi2 | Fo | F7 | Fio | F8 | P2 YT wa
V8

Figure 5, Accessing and Distributing Gasoline, Gh4d®G and Kerosene to 48 Filling Stations

4 CONCLUSIONS

Inefficient transportation scheduling can dent #uvantages of shopping for a product online. Sévera
studies have suggested ways of optimizing vehutigsibution scheduling in e-commerce environmauitt b
this paper seeks ways to minimize the cost of atecgsnd distributing petroleum products in e-comuae
environment. The statement of problem was solveédgu8-1 mixed integer linear programming model
(Uzar & Catay [7], Onut et al. [8], Avella et aB][ Dondo et al. [10]) by taken certain assumptiore
consideration. GAMS was used to analyze three réiffiescenarios to ascertain the robustness of-the 0
MILP model. In solving the three scenarios, thréfeent strategies were applied to minimize thetaaf
accessing and distributing petroleum product inoewmerce environment. OMC's demand increment,
increases vehicles used to access and distribottugr whereas distance between storage site dimg fil
stations impact implicitly on total cost. In ordéw improve customers’ satisfaction ORC needs to
vigorously integrate vehicles accessing and distigm scheduling plan with e-commerce pace. Thaltges
suggest that vehicle scheduling can include acegsand distribution of products in a cost efficievay.
Besides, selling product in e-commerce environnpeorides easy access to the product ordering bethwh
fused with effective scheduling of vehicles companmay improve their organization’s profitabilityica
customer satisfactions. The limitation of this papey be traced to the 0-1 MILP model assumptideria
and vehicle and distance parameters assumed \emidBecause any change in the assumption and the
assumed parameters variable may alter the totdl waee and tilt the explanation. In term of future
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research, research can be conducted by expandiri3IiMILP assumptions (for example including aufst

delay penalty, vehicle breakdown cost, limitatidnpooduct availability due to product shortages, )eto

verify its robustness.
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Figure 6, Increasing OMC's Petroleum Products Derghan
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Appendix 1
Nomenclature

Subscripts
z,2

P, p

Vv, V

S

w

Sets

WNS<T

Parameters
VCy
WCy
Dzz’
DEMp;
DCpy
TLpvs
TULpzy
UVp
UWp

Q

Wy
DVyp
LFSV;y
FFSVay
I:VZ’Z
NVzy
NV7y
WWV12

WWV2 1

nodes

products

vehicles

petroleum product storage site
warehouse

sets of petroleum products
sets of vehicles

sets of warehouses

sets of filling stations

sets of storage sites

vehiclev volume capacity

vehiclev weight capacity

distance between filling statiarandz in kilometers

demand of petroleum produgist various filling stationg

unit distance cost for delivery petroleum productising vehicles

total amount of petroleum prodyctoaded on vehiclg at storage site

total amount of petroleum prodyztinloaded at filling statiom from vehiclev
unit volume of petroleum produgt

unit weight of petroleum produpt

upper boundary of constraint

Binary Variable

set of vehicles v housed at oil refiner compamyehouse

variable denotes vehicleis used for delivering petroleum produpts

variable determines that filling statianis the last filling station vehicle visited

variable determines that filling statiars the first filling station vehicle visited

variable denotes vehiclevisited filling stationz after visiting filling statiorz

variable determines that first filling statiaims visited by vehicles

variable determines that last filling statioiis visited by vehicle v

variable denotes vehiclewas dispatched from warehousand parked at warehougafter
completing its delivery cycle

variable denotes vehiclewas dispatched from warehousand parked at warehousafter
completing its delivery cycle

variable denotes vehiclecan be used to deliver any petroleum proguct



