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Abstract: To meet the demands for oil products across the country, a huge amount of these products 
are transported through the country’s transportation network every year. Such demand is satisfied 
through production of the Iranian refineries and/or imports from abroad. The question is the way such 
products are transported through the internal transportation network from supply bases to satisfy the 
demands across the country. The present research discusses petrol transportation, which is of combined 
transportation. In terms of location, the research is related to all over the country. In terms of time, the 
presented model is suitable for Transportation System 2012. However, the model will be a basis for 
designing optimal transportation system for the coming years. The present research aims to determine 
the volume of petrol transportation from different ports of entry and country’s production centers to 
various consumption centers. Using linear programming method, we intend to determine the optimal 
solution for volume of petrol transportation from any origin to any destination. According to the results 
obtained from Model 2012, by transferring 73.65% of petrol, pipeline has taken 35.2% of the total cost 
of transportation. By transporting 23.45 percent of transporting such oil products, road transportation 
has taken 56.42 percent of the total costs of transportation. Amounting to 8.38 percent of the total 
costs, waterway transportation (vessels) accounts for 2.9 percent of petrol transportation. 
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INTRODUCTION 

 
Due to limitation of the available resources and along with planning for the development of each country, a 

correct and logical planning is necessary for optimal use of the available sources. The importance of supplying 
the required resources is quite evident (VPSPS, 2012). 

«One of the major underlying factors for developing each country would be the effective and suitable 
network in that country to satisfy the needs of its transportation. Generally, transportation is performed to satisfy 
economic, social, military, strategic, access, etc needs. In case there is no network appropriate for meeting 
needs, these activities will be impaired and bring to a standstill, which is led to spending high costs» (VPSPS, 
2010). 

Designing an optimal model aims to making strategic decisions, that is, determination of goods 
transportation from points of production to points of consumption, considering the available limitations, which 
involves the minimum cost for all goods and all time headways. These goods may usually be transported from 
any origin to any destination. Transportation costs of each unit of goods depend on the origin where the goods 
are transported from and the destination where the goods are transported. Therefore, by finding a solution for the 
problem of transportation, we intend to know how many units of goods should be transported from any origins 
(refineries and ports of entry) to any destinations.  

The present research aims to determine volume of petrol transportation from different ports of origin and 
internal production centers to different centers. Using linear programming method, we intend to determine the 
optimal solution for the volume of petrol transportation from each production origin or entry to any production 
center. It is obvious that the objective function will be minimization of transportation cost if the demands of all 
destinations are satisfied through different origins. Transportation programming from origins to the nearest 
destinations and direct transportation from origins to the cities that are on the way of the optimal route – the 
shortest and the minimum cost route – will prevents reshipping costs, reshipping, etc. 

 
Formulation of Problem and Mathematical Statement of Objective Function and Limitations: 

The general model of transportation is related to the distribution of goods from a group of supply centers, 
called source to a group of reception centers (j) called destination aiming to minimize distribution costs (Cij) 
(Morlok, 1982).  

The Problem can be formulated as follows (Modarres, 1999):  
Objective Function: 
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Limitation of Supply: 
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Limitation of demand: 

njdX
m

i
jij ,...,2,1,

1
==∑

=

                                                                                                                                (3)  

 
Limitation of non-negativity variables (for all i and j) 

0≥ijX  
 
Where: 
Z: Total cost of transportation    
Xij: Quantity of goods transported from source (j) to destination (j)    
Cij: Transportation cost for each unit of goods from source (i) to destination (j)   
Si:  Quantity of source supply (I) (per unit of time)    
dj: Quantity of destination demand (j) (per unit of time)   
As the objective function shows, it aims to minimize transportation costs caused by transferring petrol from 

10 sources to 78 destinations with 27 intermediate points. To achieve such an objective, we face supply and 
demand limitation and non-negativity of shippable petrol. 
 
Design of Model: 

To make and design a model from the research problem, it is necessary to express the problem clearly to 
detect its variables and factors. Here, we discuss the statement of problem first.  

The whole problem is that petrol is transferred from 10 supply points (refineries and ports of entry) to 78 
demand points (petrol storages). All supply points also demand petrol (NIOPDC, 2008). In designing model, 
first, the demand of each of its supply point is satisfied and the remaining is transferred to other points. Among 
the demand points, transferring petrol using such means of transportation to the locations along the pipelines or 
at the seaside takes the priority (Badie, 1990). There are 6 supply points and 21 demand points subjected to 
these conditions. Here, they were considered as intermediate transfer points. Therefore, the remaining points 
would be 4 supply points, 27 intermediate points, and 51 demand points. Of 51 demand points, the demand of 3 
points is satisfied by the supply of the same points for which a model with 4 supply points, 27 intermediate 
points, and 48 demand points was designed. The supply, intermediate, and demand points are as follows:  
 
a:  Petrol Supply Sources:  

As mentioned above, six supply points were considered as the intermediate points due to being located 
along pipeline route and/or being ports. Table 1 shows the remaining points specified as sources in the model 
(VPSPS, 2012).  

 
Table 1: Petrol supply sources in the designed model  

Origin Origin Code 
Tabriz S1 
Shiraz S2 
Kermanshah S3 
Lavan S4 

 
b: Intermediate Transfer Points (Intermediate Points):  

In this research, there are 6 supply points and 21 demand points, which are considered as the intermediate 
points as shown by Table 2 (VPSPS, 2012).  

 
Table 2: Intermediate transfer points in the designed model 

Name of 
Intermediate 
Points 

Coode 
Name of 
Intermediate 
Points 

Coode 
Name of 
Intermediate 
Points 

Coode 
Name of 
Intermediate 
Points 

Coode 
Name of 
Intermediate 
Points 

Coode 

Tehran T1 Mahshahr T7 Gorgan T13 Qom T19 Andimeshk T25 
Isfahan T2 Kerman T8 Gonbad T14 Ghaemshahr T20 Khorramabad T26 
Abadan T3 Yazd T9 Sabzevar T15 Sari T21 Karaj T27 
Arak T4 Naeen T10 Neyshabour T16 Ahvaz T22 - - 
Bandar Abbas T5 Semnan T11 Mashhad T17 Qazvin T23 - - 
Boushehr T6 Shahroud T12 Torbat-H T18 Rasht T24 - - 
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c: Petrol Demand Destinations:  
Table 3 shows other points that only receive petrol. They are considered as destinations (VPSPS, 2012).  
 

Table 3: Petrol demanding destinations in the designed model 
Destination Name Code Destination Name Code Destination Name Code Destination Name Code 
Shiraz D1 Zahedan D13 Abadeh D25 Avaj D37 
Shahrekord D2 Boroujerd D14 Qeshm D26 Masjed Soleyman D38 
Zanjan D3 Khark D15 Lar D27 Baneh D39 
Miyaneh D4 Yasouj D16 Chalous D28 Shoushtar D40 
Miyandoab D5 Birjand D17 Ardebil D28 Shahreza D41 
Orumiyeh D6 Maragheh D18 Behbahan D30 Najafabad D42 
Azna D7 Malayer D19 Khalkhal D31 Golpaygan D43 
Hamedan D8 Khash D20 Quchan D32 Sarab D44 
Bojnourd D9 Zabol D21 Bijar D33 Parsabad D45 
Khoy D10 Bandar Lengeh D22 Saghez D34 Meshkinshahr D46 
Sanandaj D11 Kish D23 Chabahar D35 Ramhormoz D47 
Kashan D12 Ilam D24 Iranshahr D36 Bostanabad D48 

 
Definition of Decision Variables:  

In this model, decision variables were shown by Xij, which indicate quantity of goods transferred from node 
(i) to node (j). (i) indicates source and (j) indicates destination.  

The model totally includes 4 source nodes, 27 nodes as intermediate points and 48 destination nodes (GCA, 
2010). This model is a linear programming problem with 2325 decision variables. It means that there is a 
decision variable for each branch (route). In this model, there is a branch (route) from each source to all the 
intermediate points and destinations [4*(27+48)] and there is a branch (route) from each intermediate point to 
all the intermediate points and destinations [27*(27+48)]. Adding these two products shows number of routs, in 
other words, number of decision variables.  
 
Supply of Sources: 

The model is solved with respect to the information of 2012 and it is predicted for 2013 and 2014. Table 4 
shows number of sources for 2012 and prediction of 2013 and 2014.  

 
Table 4: Number of sources in 2012 and prediction of 2013 and 2014 

Origin 2012 2013 2014 

Tabriz 986 1001 1057 

Shiraz 475 505 534 

Kermanshah 256 272 283 

Lavan 392 599 720 

 
Supply and Demand of Intermediate Points:  

Supply of intermediate points includes the amount of petrol produced by each intermediate point. Demand 
of intermediate points includes the amount of petrol required for consuming in a city. A mixture of supply and 
demand indicates the amount of petrol required to add to that node or sent from that node to the other nodes.  

 
Table 5: Amount of supply and demand of the intermediate points for 2012 and prediction of 2013 and 2014 

Intermediate 
Point 

2012 2013 2014 
Supply Demand Difference Supply Demand Difference Supply Demand Difference 

Tehran 2008 2475 -467 2003 2676 -673 2028 2789 -761 
Isfahan 2373 679 1694 2408 697 1711 2277 740 1537 
Abadan 2920 58 2862 3041 64 2977 3393 69 3324 
Arak 1095 131 964 1198 143 1055 1481 153 1328 
Bandar 
Abbas 510 246 264 1052 253 799 1537 272 1265 

Boushehr 171 115 56 351 112 239 0 114 -114 
Mahshar 0 49 -49 0 57 -57 0 56 -56 
Kerman 0 433 -433 0 464 -464 0 499 -499 
Yazd 0 204 -204 0 223 -223 0 235 -235 
Naeen 0 27 -27 0 27 -27 0 29 -29 
Semnan 0 66 -66 0 73 -73 0 79 -79 
Shahroud 0 63 -63 0 70 -70 0 76 -76 
Gorgan 0 112 -112 0 119 -119 0 126 -126 
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Gonbad 0 77 -77 0 80 -80 0 85 -85 
Sabzevar 0 53 -53 0 57 -57 0 61 -61 
Neyshabour 0 43 -43 0 47 -47 0 50 -50 
Mashhad 0 540 -540 0 582 -582 0 625 -625 
Torbat-H 0 154 -154 0 175 -175 0 190 -190 
Qom 0 264 -264 0 284 -284 0 304 -304 
Ghaemshahr 0 255 -255 0 263 -263 0 279 -279 
Sari 0 136 -136 0 153 -153 0 160 -160 
Ahvaz 0 328 -328 0 356 -356 0 381 -381 
Qazvin 0 194 -194 0 206 -206 0 219 -219 
Rasht 0 439 -439 0 477 -477 0 508 -508 
Andimeshk 0 106 -106 0 115 -115 0 121 -121 
Khorramaba
d 0 82 -82 0 88 -88 0 95 -95 

Karaj 0 333 -333 0 313 -313 0 403 -403 

 
Table 5 shows supply and demand of the intermediate points and their differences for 2013 and 2014  

 
Destination Demand:  

As mention in the earlier sections, the model is designed and solved based on the information of 2012 and 
predicted for 2013 and 2014. Destination demands for 2012 and the predicted years are as Table 6.  
 
Model Limitations:  

In the network model, there are some limitations equal to number of nodes of the network. Limitation of 
destinations is the mean of all the flow transferred from these nodes. Limitation of intermediate points indicates 
the difference between the flow transferred from a node and the flow received and demanded by these nodes. 
Limitation of objectives also indicates the flow received by the nodes. In these limitations, the positive figures 
on the right, corresponding to each transferred node, express its flow from each node. The figures on the right, 
corresponding to each node, express reception rate of each node. The zero figures on the right, corresponding to 
each node, indicate that the node has no reception and transfer. In this model, there are 4 source limitations, 27 
limitations of intermediate points, and 48 limitations. 

 
Table 6: Destinations demand for 2012 and predictions for 2013 and 2014 (The figures represent million liters) 

Destinations 2012 2013 2014 Destinations 2012 2013 2014 
Shiraz 660 703 758 Bojnourd 47 50 54 
Shahrekord 90 98 105 Khoy 89 94 102 
Zanjan 93 94 102 Sanandaj 92 104 112 
Miyaneh 28 30 32 Kashan 59 89 89 
Miyandoab 81 102 108 Zahedan 126 135 150 
Orumiyeh 172 175 188 Boroujerd 37 40 43 
Azna 28 31 33 Khark 2 2 2 
Hamedan 143 154 167 Yasouj 23 32 39 
Birjand 56 64 68 Chalous 143 155 166 
Maragheh 51 55 59 Ardebil 89 97 106 
Malayer 47 52 56 Behbahan 47 51 54 
Khash 52 59 65 Khalkhal 7 8 9 
Zabol 54 58 65 Quchan 39 42 45 
Bandar Lengeh 26 27 29 Bijar 11 12 13 
Kish 4 4 4 Saghez 19 22 24 
Ilam 38 40 43 Chabahar 47 54 59 
Abadeh 49 47 51 Iranshahr 44 50 55 
Qeshm 25 35 38 Avaj 4 5 5 

Lar 45 52 55 Masjed 
Soleyman 22 23 24 

Sarab 8 9 10 Baneh 9 11 12 
Parsabad 27 30 33 Shoushtar 30 32 34 
Meshkinshahr 14 15 16 Shahreza 46 48 51 
Ramhormoz 15 16 17 Najafabad 58 61 65 
Bostanabad 10 11 12 Golpaygan 38 40 42 
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 Petrol Transportation Cost:  
In this research, the transportation cost was calculated as the cost price of each ton of petrol per kilometer 

for the three means of transportation, i.e. trucks (tankers), vessels, and pipelines in 2012 obtained from National 
Iranian Oil Products Distribution Company (NIOPDC).  

After receiving these prices from NIOPDC, , the costs were multiplied by the distances between sources 
and destinations and their related costs were calculated in order to calculate transportation cost of each ton of 
petrol transported between source and destination.  
 
Model Interval:  

With respect to the collected information, the model was prepared in order to improve petrol transportation 
within the annual periods.  
 
Solution of Proposed Model:  

Generally, mathematical models that include maximization or minimization a multivariate function are 
called optimal models. A special type of these models that have linear relations between variables is called 
linear programming. It is typically related to the limited resources allocation issues between competing 
activities to find the best (optimal) solution. This way, it would be able to minimize and/or maximize decision 
objective if needed. In other words, in case doing some activities depends on using some limited resources they 
need, resources allocation and consequently determination of volume of activities will be brought about.  

With respect to the extensive application of linear programming, there are some issues with their own 
special structure. Unique structure of these issues facilitated their solution and led to development and special 
methods. Therefore, their special mathematical structure can be used to create a simple form and a character of 
general simplex method. This way, the required calculations are reduced considerably. It may be stated that 
transportation issue is the major and special type of linear programming problems that includes major 
distribution of goods from a series of points called sources to some points called destinations. One of the 
conditions of the issue of major distribution is from a series of points called sources to some points called 
destinations. One of the major conditions of the issue of transportation is that the distribution route of goods 
from source i to destination j is completely determined beforehand. However, it is possible to transport goods 
between sources and destinations indirectly. In this condition, transportation can be performed through 
intermediate transfer points, which might be other sources and/or destinations to minimize total cost of 
transportation. Under this condition, which is regarded as a more inclusive state of transportation issue, 
determining the optimal route of transportation - compound shipment - is highly considered.  

After determining type of objective, expenses, rates of supply and demand, information related to supply of 
sources, destination requirements, and costs to transport one ton of petrol from any source to all the destinations 
was given to QSB.  

After solving these problems, the ultimate result that includes accurate information was extracted on the 
amount of petrol transportation from any sources to any destinations for 2012. 
 
Research Results Interpretation:  

The results show that of 11868 million liters of petrol were transported between sources and destinations in 
2012, 2783 million liters were transported by tankers through road transportation. The share of marine (vessel) 
transportation was 344 million liters of petrol. By transferring 8741 million liters, pipeline distributed the major 
amount of consuming petrol in 2012. Cost of the petrol distributed by tankers in 2012 amounted to 14431620 
thousand rials, which includes maximum cost of transportation. Costs of Marine transportation and transfer 
through pipelines amounted to 2144261 thousand and 9004206 thousand rials, respectively.  

As it is noticed, by transferring 5958 million liters of petrol more than tankers, pipelines took a cost of 
5427414 thousand rials less than road transportation (by tankers).  

By comparing the amount of petrol transported by any means of transportation and the cost paid for any 
means of transportation, it becomes clear that by transferring 73.65 percent of total amount of the transported 
petrol, pipelines take 35.2 percent of the total cost paid for petrol transportation. By transporting 23.45 percent 
of the transported petrol, road transportation (by tanker) amounted to 56.42 percent the total costs paid for petrol 
transportation.  

 
Table 7: shows the amount of petrol transported by any means of transportation, transportation cost of any means of transportation and 

percentages of each for 2012 
Mode Volume (million liters) Percent Cost (Thousand Rials) Percent 
Tanker 2783 23.45 14431620 56.42 
Vessel 344 2.9 2144261 8.38 
Pipelines 8741 73.65 9004206 35.2 
Total 11868 100 25580087 100 
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The model designed according to the information predicted for 2003 and 2004 was solved. Tables 8 & 9 
show the information in brief.  
 
Table 8: Transported petrol, transportation cost by any means of transportation, and percentages of each in 2013 

Mode Volume (million liters) Percent Cost (Thousand Rials) Percent 
Tanker 2675 21.2 13744815 53.38 
Vessel 364 2.89 2284137 8.87 
Pipelines 9576 75.91 9718312 37.75 
Total 12615 100 25747264 100 

 
According to the results, having the maximum share of petrol transportation, costs of pipelines would be 

minimal. This shows the importance of oil products transportation by pipelines. The problem to use pipelines 
would be its high cost without initial investment to put in pipeline; however, the costs would be compensated 
very soon through saving oil products transportation.  

 
Table 9: Transported petrol, transportation cost by any means of transportation, and percentages of each for 2014 

Mode Volume (million liters) Percent Cost (Thousand Rials) Percent 
Tanker 2861 20.82 15271641 53.72 
Vessel 368 2.68 2259283 7.95 
Pipelines 10516 76.5 10895186 38.33 
Total 13745 100 28426110 100 

 
Conclusion: 

Transportation of oil products by tankers and vessels involves some problems that highlight importance of 
pipelines. Such means of transportation can only carry loads from one direction. It means that they should drive 
back to a refinery or a source reservoir while being empty after transferring the product to the consumption site. 
In addition, transporting inflammable products by these means of transportation involves high risks. Petrol and 
other oil products are among the necessities of people, especially in cold seasons. Such products should be 
transported to destination under any circumstances. Therefore, in cold and hard days of winter, transportation 
activities are intensified and it is very difficult to transport these products by tankers. Oil and its products are the 
greatest source of power in the world today and in the future. The demand for oil products is expected to 
increase due to the industrial programs and the increase of population, especially in urban areas. With the living 
conditions of people improving, number of cars and factories increase. Consequently, the demand for oil and its 
products, which is still the major fuel of means of transportation, increases.  

In addition to petrol, other products such as gas oil, kerosene, crude oil, etc can be transferred through 
pipelines. With respect to the points mentioned earlier and other reasons, it seems that Oil Company should pay 
further attention to investing in creating pipelines to transfer oil products. 
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