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ABSTRACT 
Selecting an appropriate site to construct 

petroleum storage is a significant decision in the 

petroleum industry. Decision making in this regard 

depends on various quantitative and qualitative 

criteria which are in conflict with each other in some 

cases. Therefore, multi-criteria decision making 

(MCDM) methods could be used to solve this 

problem. In this study, the influential criteria for 

selecting an appropriate site including: Feeding, 

Distribution, Safety, Environmental, Geotechnical 

properties, tectonic properties, access to water and 

Coast, were considered and with collecting the expert 

opinions, the weight of each criterion was 

determined. Then, the surrounding areas of Iran‘s 

Mahdasht city were studied, and four sites proposed. 

In the final stage, in order to construct a petroleum 

warehouse for Mahdasht city these sites were 

prioritized using the analytic hierarchy process 

(AHP), and the most optimal site was selected. 

KEYWORDS: Analytic hierarchy process (AHP); 

Multi-criteria decision making (MCDM); Petroleum 

storage. 

 

INTRODUCTION  
Selection of an appropriate site for petroleum 

storage is significant from different aspects. These 

storages are considered as links between production 

and consumption in the petroleum industry. There are 

high volumes of petroleum in these storages and 

these are the most harmful groups of the materials for 

the environment. They are highly exposed to fire and 

safety considerations. Therefore, comprehensive 

studies must be undertaken to select the best site for 

constructing petroleum warehouse. Since this issue is 

dependent upon various criteria that might be 

qualitative or quantitative or in conflict with each 

other in some cases, in order to select the optimal site 

for petroleum storage, Multi-criteria decision making 

(MCDM) techniques can be used. MCDM is one of 

the branches of operation research which 

investigates the decision making problems under 

some decision making criteria. This kind of decision 

making utilizes a number of criteria instead of solely 

one optimal assessment criterion. MCDM is 

categorized into two main groups of Multi-Objective 

Decision Making (MODM) and Multi-Attribute 

Decision Making (MADM) [1]. The aim of the 

MODM problems is the simultaneous optimization 

of a number of target functions under a series of 

limitations. Generally, MODM techniques are 

applied to design and optimization problems. The 

MADM methods are used for selecting the best 

alternative amongst various alternatives and 

obtaining a ranking for the alternatives. To date, 

different methods have been presented for MADM, 

such as: Compromise Programming [2]; 

ELimination Et Choice Translating Reality I 

(ELECTRE I) [3, 4]; ELimination Et Choice 

Translating Reality II (ELECTRE II) [5]; 

ELimination Et Choice Translating Reality III 

(ELECTRE  III) [6]; Analytic Hierarchy Process 

(AHP) [7]; Simple Additive Weighting (SAW) [8]; 

Technique for Order Preference by Simulation of 

Ideal Solution (TOPSIS) [8]; PROMETHEE [9]; 

Gray Relational Analysis [10]; the Weighted Sum 

Method (WSM) [11]; ViseKriterijumska 

optimizacija I Kompromisno Resenje (VIKOR)  [12, 

13]; Data Development Analysis [14]. 

Among the above methods the Analytic 

Hierarchy Process (AHP) is one of the most 

powerful and simplest techniques for solving 

MADM problems. Generally, the stages of multi-

attribute decision making methods are including: 1- 

identification and selection 2- weighting the criteria 

3- application of selected MADM technique 4- 

analysis of sensitivity and final decision making. 

Weighting the criteria is one of the most important 
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and problematic stages of the MADM techniques 

[15]. MCDM methods have been applied in the 

various areas of petroleum and gas industry [16-20]. 

But its application in site selection of petroleum 

storage has not been reported yet. In this research the 

AHP was used for selecting the optimal site for 

petroleum storage. For this aim, firstly, the influential 

criteria on selecting an appropriate site for petroleum 

storage were determined using comprehensive 

literature review and the experts‘ opinions. Then, the 

areas around Iran‘s Mahdasht city were studied, and 

the most optimal alternative was selected from among 

the four proposed alternatives using the AHP. 

 

Analytic Hierarchy Process (AHP) 
The AHP is a mathematical method used for 

MCDM. The AHP was first introduced by Saaty in 

1971 to solve the scarce resources allocation and 

planning needs for the military [7]. After a while, this 

technique became one of the most widely used 

techniques for MCDM and has been applied to date 

in various field of study such as: economy, 

management, politics, military, energy, engineering 

and, etc. And it is developing in various sciences. The 

AHP procedure involves six essential steps [21]: 

defining the unstructured problem, developing the 

decision hierarchy, developing the pair-wise 

comparison matrices, consistency test, calculating the 

relative weights, obtaining the overall rating and the 

total weight. 

 

Defining the unstructured problem 

In this step the unstructured problem and its 

characteristics should be recognized and the 

objectives and outcomes stated clearly [22]. 

 

Developing the decision hierarchy 

The hierarchy diagram is a graphic representation 

of real complex problem in which objective is on 

highest level, criteria and sub criteria on intermediate 

and alternatives on the lowest level. Figure 1 shows 

this structure. 

 

 
Fig. 1 Hierarchical structure of the decision problem 

Developing the pair-wise comparison matrices 

Each alternative, criterion and sub-criterion in 

hierarchical structure is named as an ―element‖. 

With in each level of hierarchy, the elements are 

compared in pair-wise comparison matrices with 

other elements. a pair-wise comparison matrix is 

defined as follows: 
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Where A is comparison pair-wise matrix, w1 is 

weight of element 1, w2 is weight of element 2, and 

wn is weight of element n.  

The values assigned for two elements of the 

Hierarchical structure in matrix A according to the 

Saaty scale are usually in the interval of 1–9 or their 

reciprocals. Table 3 presents Saaty‘s scale of 

preferences in the pair-wise comparison process. 

 

Table 1 Saaty‘s scale of preferences in the pair-

wise comparison process [7] 

Definition 
Intensity of 

Importance 

Equal importance 1 

Weak importance of one over 

Another 
3 

Essential or strong importance 5 

Demonstrated importance 7 

Absolute importance 9 

Intermediate values between 

adjacent scale values 
2, 4, 4, 6, 8 

 

Calculating the relative weights 

In the AHP, the eigenvector method uses for 

calculating the relative weights. In this method, the 

relative weights are calculated in a way that gives 

rise to Eq. (2): 

WAW .                                                              (2) 

Where λ is eigenvalues and w is eigenvectors of 

Pair-wise comparison matrix A.  

Then λ values are calculated. Placing λmax into 

Eq. (3) and solving this equation, relative weights of 

matrix A (W) are obtained.  

0)( max  WIA                                                    (3) 
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Where λmax is the biggest eigenvalue of matrix A 

and I is the unit matrix. 

 

Consistency Test 

One advantage of the analytic hierarchy process 

is control of decision consistency. In other words, this 

process is capable of calculating consistency of 

decision and judging the degree of its reasonability. If 

A is two times more significant than B and B is three 

times more significant than C, If A is six times more 

significant than C, this judgment is consistent. If the 

significance of A compared with C is a value except 

for six, then consistency of decision is reduced. 

Therefore, an index known as Inconsistency Index 

(I.I) is defined as follows:  

1
.. max






n

n
II


                                                          (4) 

Where n is the dimension of pair-wise comparison 

matrix.  

The value of inconsistency index is calculated by 

random numbers which is called Random 

Inconsistency Index (R.I.I). The values of this index 

for an n-dimensional matrix could be calculated by 

equation 5. In addition, table 2 shows the values of 

this index for (1 to 10) - dimensional matrices. 

n

n
IIR

2
98.1..


                                                      (5) 

 

Table 2- Random inconsistency indices [7] 

 10 9 8 7 6 5 4 3 2 1 n 

1.49 1.45 1.41 1.32 1.24 1.12 0.9 0.58 0 0 R.I.I 

 

For each matrix, the result of Inconsistency Index 

(I.I) divided by Random Inconsistency Index (R.I.I) 

is called Inconsistency Ratio (I.R), which is an 

appropriate index for judgment on inconsistency, 

equation 11. 

IIR

II
RI

..

.
.                                                               (6) 

In the analytic hierarchy process, calculating 

inconsistency ratio is also highly significant. In 

general, it can be said that the acceptable level of 

inconsistency of each decision depends on the 

decision maker, but Saaty has confirmed 0.1 as an 

acceptable limit and he believes that if inconsistency 

is more than 0.1, the decision should be reviewed.  

 

Obtaining the overall rating and the total weight 

In the last stage, in order to obtain the total 

weight and the overall rating of alternatives, the 

relative weight of each criterion and the relative 

weight of each alternative based on each criterion 

are combined as follows:  

)...,,2,1(
1

niWWW c

j

m

j

a

ij

t

i 


                           (7) 

Where 
t

iW is the total weight of alternative i; 
a

ijW  

the weight of alternative i based on criterion j; 
a
jW

the weight of criterion j; m the number of criteria 

and n the number of alternatives. 

 

3 Determine the effective criteria  
In the first step, comprehensive studies were 

undertaken to determine the influential factors in the 

selection of an appropriate site for constructing 

petroleum storage. Fig. 2 shows the important 

factors. Finally, the effective criteria for site 

selection in this study are categorized into 8 groups 

in accordance with table 3. 

 

 

Fig. 2 Important factors for petroleum storage site selection 
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Table 3 The effective criteria for storage 

petroleum site selection 

Operation Criterion 

Feeding C1 

Distribution C2 

Safety C3 

Environmental C4 
geotechnical properties C5 

Tectonic properties C6 
Access to water C7 

Coast C8 

 

Following is an overview of each criterion: 

 

Feeding 

The storage feeding is more secured, economical 

and immediate, if closer the distance of petroleum 

transition pipeline, railway and asphalt way is to 

petroleum storage. 

 

Distribution 

In addition, the speed of petroleum distribution 

and security is higher and costs lower, if closer the 

distance of storage site is to consumption and 

distribution facilities (railway and, etc).  

 

Safety  

The petroleum storage site should be placed 

where in case of fire, fire does not move and in case 

transition is less at risk (for instance, region's 

dominant wind direction is important). In addition, 

this site must be immune to human risks and natural 

disasters such as flood.  

 

Environmental 

Some other critical factors such as wildlife, 

vegetation, pollution of surface and underground 

waters and weather pollution must be considered.  

 

Geotechnical properties 

Some geotechnical factors are increasingly 

significant, Factors such as mechanical properties of 

the region (compaction and, etc); soil properties 

(permeability and, etc) for construction of foundation; 

preventing pollutants from entering underground 

water, vegetation of surrounding lands, and reducing 

the costs of providing the material.  

 

Tectonic properties 

In accordance with liquidity of petroleum 

materials and risk of these storages to deal with soil 

displacement causes, some tectonic properties such 

as: earthquake, landslide, subsidence and, etc should 

be considered. 

 

Access to water  

Access to water for construction, storage 

requirements and person who live in site, is 

important. 

 

Coast  

The storage must be located where the cost of 

land purchase, preparation and construction is 

economical.  

 

Case study 
This study aimed to select an optimal site for 

construction of petroleum storage in the Mahdasht 

city in the Alborz province, Iran. Mahdasht is 

located 15 km southwest of the city of Karaj (the 

capital of Alborz province, Iran). Fig. 3 shows the 

location of this city in Iran. To fulfill the above-

mentioned objective, the regions nearby this city 

from 35°37′ N to 35°47′ N and from 50°35′ E to 

50°55′ E were studied. 

 

 
Fig. 3 Location of Mahdasht in Iran 

  

Then, according to the effective criteria in the 

petroleum site selection (mentioned in the previous 

part) and using the experiences and opinions of 

experts and existing information and data, four 

feasible alternatives were proposed, which are 

known as letters ‗A‘, ‗B‘, ‗C‘ and ‗D‘. Fig. 4 shows 

the location of these proposed alternatives than 

Mahdasht city. 

www.SID.ir



Arc
hive

 of
 S

ID

 

 

   

 
 

 
Fig. 4 Alternatives for petroleum storage site, 

letters ‗A‘, ‗B‘, ‗C‘ and ‗D‘ 

 

After the determining criteria and proposed 

alternatives, in order to select an appropriate site for 

petroleum storage, the AHP was applied to determine 

the optimal alternative and ranking the alternatives. 

To do this, first a hierarchical structure for storage 

site selection problem was constructed. The fig. 5 

shows the hierarchical structure of the petroleum 

storage site selection problem with three levels: 

objective (selection of petroleum storage site), criteria 

(C1-C8) and alternatives (A, B, C and D). 

In the next stage, in order to determine the 

relative weight of criteria and alternatives pair-wise 

comparison matrices were created using Saaty‘s scale 

(see table 1) and then weights of criteria and 

alternatives were obtained through the eigenvector 

method (see Eq.s 1-3). Table 4 shows pair-wise 

comparison matrix for criteria based on general 

objective. In the last column of this table, the relative 

weight of each criterion has been shown. Pair-wise 

comparison matrix of each alternative based on each 

criterion is in accordance with tables 5-12 and the 

relative weight of each alternative based on each 

criterion has been inserted in the last column of this 

table. The I.I, R.I.I, R.I and λmax for pair-wise 

comparison matrices are in accordance with table 13. 

Based on these results, the I.R is less than 0.1. Thus, 

decision is consistent. Table 14 again shows the 

relative weight of criteria and the relative weight of 

each alternative based on each criterion. The last row 

of this table indicates the total weight of each 

alternative which has been obtained through Eq. 7.  

 
Fig. 5 Hierarchical structure of the petroleum 

storage site 

 

Table 4 Comparison of criteria 

criteria C1 C2 C3 C4 C5 C6 C7 C8 Weight 

C1 1 1 1/5 1/5 1/3 1/3 3 1 0.057 

C2 1 1 1/7 1/5 1/3 1/3 1 3 0.053 

C3 5 7 1 1 3 3 7 5 0.296 

C4 5 5 1 1 3 1 5 3 0.229 

C5 3 3 1/3 1/3 1 1 3 5 0.130 

C6 3 3 1/3 1 1 1 5 3 0.150 

C7 1/3 1 1/7 1/5 1/3 1/5 1 3 0.046 

C8 1 1/3 1/5 1/3 1/5 1/3 1/3 1 0.040 

 

Table 5 Comparison of the alternatives based on C1 

 

Table 6 Comparison of the alternatives based on C2 

 

Table 7 Comparison of the alternatives based on C3 

 

 

 

 

 

 A B C D Weight 

A 1 1/3 1 1 0.158 

B 3 1 3 5 0.526 

C 1 1/3 1 3 0.210 

D 1 1/5 1/3 1 0.107 

 
A B C D weight 

A 1 1/3 1 1 0.167 

B 3 1 3 3 0.50 

C 1 1/3 1 1 0.167 

D 1 1/3 1 1 0.167 

 
A B C D weight 

A 1 3 1 1 0.331 

B 1/3 1 1 1 0.188 

C 1 1 1 1 0.241 

D 1 1 1 1 0.241 
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Table 8 Comparison of the alternatives based on  C4 

 

Table 9 Comparison of the alternatives based on C5 

 

Table 10 Comparison of the alternatives based on C6 

 

Table 11 Comparison of the alternatives based on C7 

 

Table 12 Comparison of the alternatives based on C8 

 

Table 13 Calculation of the decision consistency 
Table 

(Matrix) 
λmax I.I R.I.I I.R 

4 8.596 0.085 1.41 0.060 

5 4.160 0.039 0.90 0.043 

6 4.000 0.000 0.90 0.000 

7 4.155 0.051 0.90 0.057 

8 4.155 0.051 0.90 0.057 

9 4.000 0.000 0.90 0.000 

10 4.154 0.051 0.90 0.057 

11 4.160 0.039 0.90 0.043 

12 4.155 0.051 0.90 0.057 

 

 

 

Table 14 The total weight of alternatives 

 

CONCLUSIONS 
Site selection of petroleum storage is a problem that 

depends on different factors. Therefore, to solve it 

the multi criteria decision making techniques could 

be used. To date, different techniques have been 

proposed for solving the multi-criteria decision 

making problems. The most powerful and widely 

used a technique is the analytic hierarchy process. In 

this study, firstly, some influential criteria including: 

feeding, distribution, safety, environmental, 

geotechnical properties, tectonic properties, access 

to water and coast, was considered for selecting an 

appropriate site for petroleum storage.  Next, the 

areas surrounding Mahdasht, Iran were investigated 

based on the above-mentioned list of criteria for 

determining potential alternatives and four 

alternatives were proposed. Finally, this four 

alternatives were ranked ‗A‘, ‗B‘, ‗C‘ and ‗D‘, 

respectively, and ‗A‘ was selected as the most 

optimal alternative based on the analytic hierarchy 

process (AHP). Therefore, this model can be used in 

other petroleum storage projects. 
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