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Abstract 
The fossil fuel is one of the most important sources of energy. However, different modes of transportation are used to transport 
oil from its extractions to the consumption locations. The demand is on the rise with the increase in the global population and 
energy demand. The study aims to analyze the existing oil transportation in Pakistan and to optimize the oil supply networks 
considering critical factors including costs, environmental, time, safety etc. The major contribution of the study is the use of 
Multi-Criteria Decision Making (MCDM) approach, based on FAHP (Fuzzy Analytical Hierarchical Process) and PROMETHEE 
(Preference Ranking Organization Method for Enrichment of Evaluations). Furthermore, the study also performs the qualitative 
cost-benefit analysis for the Machike to Tarru Jabba oil pipeline project (MTOPP) and its risk analysis. The findings suggest that 
the pipeline mode of transportation is the best mode of transportation for oil supply in Pakistan, whereas existing road 
transportation is the worst. Furthermore, the new proposed MTOPP project is found to be viable with considerable risks form 
terrorist attacks. The study has usefulness for the oil industry practitioner dealing with oil supply planning within a country.  
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1. Introduction 

Fossil fuels account for approximately 80 per cent of 
the world’s total energy consumption (WDI, 2020). 
Furthermore, the Organization of the Petroleum 
Exporting Countries (OPEC) accounts for 79.9 per cent 
of the world’s total proven oil reserves (OPEC, 2019). 
On the other hand, the major consumption of oil 
happens in the USA, China and India (Geiger, 2019). 
The fossil fuel extraction and consumption do not  

 

happen at the same place. The oil has to be transported 
from its point of extraction to the point of 
consumption. Mousavi et al. (2013) point out the four 
steps for oil products supply chain: origins, main 
national storages, secondary domestic storages and 
consumers. Accordingly, the origins include refineries 
and coastal origin; main national storages include 
storages depots at different locations  

of a country. Secondary domestic storages include 
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sub-depots in different locations of the country, and 
the customers include all kind of customers (such as 
power stations, fuel stations, factories and 
agriculture). The oil products do not always have to go 
through within each of these fixed entities. 
Furthermore, the distinctions between main national 
storages and secondary storages is that of the capacity 
and level of equipment’s (Mousavi, et al., 2013). It is 
important to highlight that modes of transportation 
are required to ensure the transportation of oil across 
its entire supply chain. The crude oil is mostly 
transported by barges among extraction sites, 
refineries, and points of consumption points (Ghaleh 
et al., 2019). In the North American region, the 
transportation of oil via pipelines is more popular. For 
example, in the United States, 58 per cent (Molinski, 
2014) of total oil transportation is undertaken using 
pipelines, and for Canada, this ratio is 97 per cent 
(CEPA, 2016). The pipeline provides reliable and faster 
transportation of oil but are capital intensive and 
sometimes not be viable for transporting oil across the 
greater distances including seaways. Thus, the other 
modes of transportation such as barges, trucks and 
rail cars are also important. The relative merits of 
transportation modes for oil are based on both 
economic and environmental factors (Soligo & Jaffe, 
2002). A comparison of popular modes of 
transportation for oil supply is highlighted in Table 1. 

Table 1. Comparison of modes of transportation for oil supply.  

 Capita
l Cost 

Operatin
g Cost 

Geographical 
Constraints 

Consignme
nt Size 

Pipelines Very 
large 

Very 
small 

To build the 
system 

Very large 

Railways Large Modest To build the 
linkages 

Small to 
modest 

Ship 
Tankers 

Modes
t 

Low To navigable 
networks 

Very large 

Trucks 
(Automobil
e) 

Small Very 
large 

Unconstraine
d 

Very small 

Source: (Wilkerson & Cakir Melek, N., 2014) 

There are several arguments for favouring one 
transportation mode over others. For example, 
construction and operation of pipelines can be 
disturbing the land use, groundwater, air quality, flora 
and fauna, and sea animals (Van Hinte, et al., 2007). 
Some of the other concerns are the safety of the mode 
of transportation, the use of monopoly power, the 
associated economic and environmental costs. Each 
mode of transportation presents a potential risk of a 
major oil spill, greenhouse gases emissions (GHG) and 
deadly accidents that may further lead to substantial 
environmental impacts for a prolonged period. For 
instance, marine animals suffered hostile effects for 
nearly 20 years due to the leak of the Exxon Valdez leak 
(Figure 1a) during 1986 in Alaska (Peterson, 2003). 
Similarly, the transportation of oil via rail car or oil 
tank lorries are not free from risks either. An accident 
of a full oil tank lorries (or a rail car) can be more fatal 
compared to an accident between two vehicles full of 
passengers or just nonhazardous goods. For instance, 

on July 6, 2013, a rail car full of crude oil rolled over 
the tracks (Figure 1b) resulting in the death of over 40 
people and damaged the adjacent building, in the 
Quebec region of the Canada (Chiasson, Paul, 2013). 
More, on June 25, 2017, an oil tank lorry accident in 
Pakistan led to the death of over 200 people (Figure 
1c). Sometimes, these accidents or explosion of 
pipelines may lead to spillovers leading to long-
lasting impacts on the surrounding environment and 
livings (Figure 1d). These facts lead to the underlying 
decision for selecting a particular mode of 
transportation for the supply of oil while considering 
the safety and risk factors being attached to it. There is 
already scholarly undertaken (as discussed in the 
literature review section) on the subject matter. 
However, given the unique circumstances (such as 
topography, infrastructure availability, resources at 
disposal, the size of the country, the level of demand, 
etc.) these studies cannot be generalized to a specific 
contest. Therefore, the present study propose a multi 
criteria approach to optimize the oil supply chain in 
Pakistan.  

In particular, the contribution of this research is the 
use of FAHP (Fuzzy Analytical Hierarchical Process) 
and PROMETHEE (Preference Ranking Organization 
Method for Enrichment of Evaluations) to select the 
best mode for oil transportation in Pakistan. 
Furthermore, the study performs a qualitative cost-
benefit analysis and risks assessment for the Machike 
(Lahore) - Tarru Jabba (Peshawar) oil pipeline project 
(MTOPP). 

 
Figure 1. Figure 1a: Exxon Valdez spill in Alaska Source: (Watson, 
Bridgette , 2019); Figure 1b: Quebec oil train derailments Source:  
(Chiasson, Paul , 2013); Figure 1c Pakistan road Oil tanker road 
accident Source:  (Sun, 2017); Figure 1d: Keystone pipeline oil spill 
Source: (Earthworks, 2020) 

The major contribution of the study is the 
application of the FAHP and PROMETHEE techniques 
in a real oil supply chain suggesting the best mode of 
transportation for oil in Pakistan in to avoid terrorist 
attack. 

The rest of the paper is organized as follows. 
Section 2 analizes the literature review. Section 3 
presents a brief profile of Pakistan oil supply chain 
and oil supply network. Section 4 describes the 
theoretical model and research methodology applied 
in this study along with data and its sources. This 
section is divided into several subsections for 
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describing FAHP, PROMETHEE, qualitative benefit-
cost of MTOPP, approaches separately. This section 
also discusses the data and its sources. Section 5 
presents the results of all approaches and the 
discussion on it. Finally, Section 6 concludes the paper 
with some policy recommendations. 

2. Literature Review 
There is a need for production, transportation and 
storage of dangerous material due to increasing 
consumerism across the world (Fabiano, et al., 2005). 
Thus, it is necessary to ensure the safety and 
effectiveness of road transport system as a strategic 
goal. It is important to highlight that the 
transportation of oil falls under the transportation of 
dangerous or hazmat products transportation. The 
transportation of different hazardous material is 
comparable. Therefore, the aim of the literature 
review is not to be restrictive to the discussion on the 
transportation of the oil alone. The subject of 
transportation of oil (and hazardous material) is a 
well-researched area. Many themes have been studied 
extensively within this domain. Some major themes 
include the importance of this area of research (e.g., 
(Fabiano, et al., 2005)), the network for hazardous 
materials local route planning (e.g., (Bianco, et al., 
2009), (Bornay, et al., 2020)), the risk assessment of 
transporting hazardous materials (e.g., (Ghaleh et al., 
2019)), the mode of transportation for the hazmat 
materials. Given the nature of the subject matter and 
the objectives of this study, the literature review 
section is divided into following four sub-sections.  

2.1. Hazmat material transportation and risk 
assessment 

There are abundant scholarly studies on the associate 
risks assessments of hazardous material 
transportation via roads. For example, Erkut & Verter 
(1998) provides an overview of the various models 
that were used in literature for risk assessment of 
hazmat transportation. Based on the USA road 
network, they conclude that different risk models may 
suggest different optimal path between a single origin 
and destination for transportation of hazmat 
transportation. Furthermore, an optimal path under 
one model may not perform as well, as it did under the 
first model. Therefore, researchers and practitioners 
dealing with hazmat transportation must be cautious 
about adopting risk assessment models for hazmat 
transportation in different situations. McCay, et al., 
(2004) developed a statistical method for estimating 
the potential risks and financial losses due to the oil 
spill. Their modelling was based on using two spill 
sites in central San Francisco Bay. They run various 
scenarios to determine the resultant impacts and 
damages to the wildlife, aquatic organisms, and 
shorelines. Similarly, the study developed by Fabiano, 
et al., (2005) is based on assessing the risk of road-
based hazmat transportation and to develop an 
emergency response planning system. They used on-

site field data collection on factor such as inherent 
(e.g., like tunnels, bend radii, height gradient, slope 
etc.), meteorological and traffic factors and employed 
multivariate statistical analysis, and a theoretical 
graph (established by the Netherlands) for the 
acceptability of the level of risk to develop a 
theoretical model for emergency response. While, Liu, 
et al., (2014) provided the insight of factors that may 
influence the multiple rail tank car release and how to 
minimize such risk. They used factors such as the 
effect of train speed, tank car safety design, tank car 
positions in a train to construct a probabilistic model 
to estimate the probability distribution of the number 
of tank cars releasing hazmat contents in a train 
derailment. In recent times, Ghaleh et al., (2019) 
focuses on the risk assessment of hazardous material 
transportation via trucks and associated truck 
accidents. The study used expert opinions to finalize 
the safety risk contributing factor for oil 
transportation trucks. They used the fuzzy analytical 
hierarchy process for weighting the associated risk 
factors. They suggested that the most important risk 
factor for the transportation of hazardous material via 
trucks are technical characteristics of the tank. The 
use of experimental data is also common for studying 
the risk assessment of hazardous material via road 
transportation. For example, the study of Paltrinieri, 
et al., 82009) is based on experimental data to 
investigate the risk reduction in liquefied petroleum 
gas on-road transportation. They used a small data set 
on vessels and extended it to the real road and rail 
tankers using finite element models. They run several 
scenarios based on mathematical simulations for real-
scale fire engulfment and obtained expected reduction 
of individual and societal risks due to LPG 
transportation in real case scenario. Their study 
concluded that the usage of passive fire protections 
can reduce these risks significantly. There is also 
abundant literature available on various aspect of 
hazardous material transportation and developing a 
theoretical model for it. For instance, the research of 
Fabiano, et al., (2005) is based on assessing the risk of 
hazmat road transportation and accordingly 
developing an emergency response planning system. 
They used on-site field data collection on factor such 
as inherent (e.g., like tunnels, bend radii, height 
gradient, slope etc.). Similarly, Bianco, et al., (2009) 
suggested a bi-level programming formulation for 
designing a network for the transportation of 
hazardous transportation while minimizing the total 
risks and the risk equity between the local jurisdiction 
and the regional level. More recently, Bornay, et al. 
(2020) developed a mixed integer nonlinear 
programming model route for hazardous commodities 
in railways freight transportation. The model was later 
applied to the two hypothetical and one rail network in 
Québec region of Canada to solve the hazmat freight 
routing problems. Finally, Zhang, et al., (2020) 
provided risks assessment system for heavy oil 
gathering pipelines when there is no failure data 
available. They used the combination of Bayesian 
network and fuzzy set theory to obtain the individual 
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failure probability of each factor that could cause 
pipeline failure, and subsequently obtained probability 
of pipeline failure. They applied the methodology to 
consider the consequences of leakage of heavy 
pipelines. 

2.2. Hazmat transportation and accidents 

It is not uncommon to have accidents during the 
transportation of different kind of hazmat products. 
There is a good body of literature devoted to the study 
of hazmat transportation accidents and associated 
issues. For example, Ohtani & Kobayashi, (2005) 
studied the causes of hazmat goods transportation 
accidents in Japan. They constructed a new database 
for keeping track of hazmat goods transportation 
accidents. Their study suggested that the main cause 
of tank truck accidents were road traffic accidents. 
Similarly, Dai, et al., (2017) make comparisons of the 
oil and gas pipelines across long distances within the 
United States, Europe, the UK and China. They did a 
statistical analysis to study the failure frequencies, the 
causes and consequence of these failures, the 
management of these infrastructures and based on 
their analysis they placed suggestions for pipeline 
safety technology and management in China. The 
accident of hazmat vehicles poses emergencies, so in 
such case, emergency response is also of important 
consideration. In this regard, Lozanoa, et al., (2010) 
used the actual hazmat transportation accidents in 
Mexico City to calculate the material and human losses 
to such accidents. Based on this analysis they 
developed an evacuation mechanism for people in the 
case such an event happens. Most recent literature in 
this area investigates the causes of the accidents of 
hazmat transportation. For instance, Zhou, et al., 
(2020) studied 371 accidents of hazmat transportation 
in China happened during 2004-2018 period. The 
study focused on identifying the key factors for 
causing such accidents using adaptive data analysis 
techniques. Similarly, the study of Ma, et al., (2020) is 
based on 343 hazardous materials accidents to study 
the factors responsible for such accidents. The study 
uses an ordered logit regression model to quantify the 
influence of drivers, vehicles, environment, and road 
on happening of such accidents. The study concluded 
that factors such as unsafe driving, violations, vehicle 
faults significantly influence the severity of accidents 
during hazardous material transportation. Biezma, et 
al., (2020) proposed a research based on studying the 
ten most deadly accidents of oil and gas pipelines 
through history. The study aimed to highlight the 
document causes of these deadly accidents and to 
learn from the experience for better decisions for oil 
and gas transportations via pipelines. 

2.3. Hazmat material transportation and mode 
choice decision 

The individual’s transportation mode choice decision 
is a well-researched area in the context of the 
passenger and good transportation (Sabir, 2011). 

However, the transportation mode choice for hazmat 
products is not an extensively studied area. There is 
some limited number of studies undertaken in this 
domain. For instance, Junior & de Almeida D'Agosto, 
(2011) established the modal choice method to 
prioritizes among various mode of transportations for 
hazardous products. They applied their proposed 
model to the transportation of bio-ethanol in 
Brazilian. They found pipeline and railways being 
better modes of transportation compared to the more 
used road transportation for bio-ethanol in Brazil. 
However, the study did insist that their propose 
methodology is good for bio-ethanol in the specific 
context of the Brazilian ethanol industry. While, 
Bagheri, et al., (2014) compared the use of railroad and 
highway for transportation of the hazardous material. 
Accordingly, they developed a methodology through 
which they assess the release of hazmat material from 
derailed railcars and studied its consequences. 
Furthermore, it also did a similar kind of analysis for 
hazmat transport risk considering six distinct 
corridors in North America. Their study concluded that 
rail transport will reduce the risk irrespective of the 
risk measure and the transport corridor. A different 
point of view is proposed by Hammami, et al., (2019). 
They used MCDM to measure the attractiveness of 
mode of transportation for green supply chain for 
transporting crude oil from SFax Region to the port of 
Skhria in Tunisia.  

2.4. Hazardous material transportation and 
different research methodologies 

It is interesting to look across the methodologies used 
while studying different themes within the hazmat 
transportation. In this regards, some studies used 
MCDM in hazmat transportation studies. For example, 
Dey, (2004) applied AHP for integrated project 
evaluation and selection of cross-country petroleum 
pipeline project in India. Some other studies are 
focused on the other decisions associated with hazmat 
transportation rather than the transportation of these 
products itself. For instance, Gumus, (2009) studied 
the selection of a safer firm for the transportation of 
hazmat waste while considering human health and 
environmental risks. The study used fuzzy-AHP and 
TOPSIS techniques. Ishtiaq, et al., (2018) used AHP for 
the supplier of hospital waste management in 
Pakistan. The literature review highlights several 
research gaps that require further investigations. For 
instance, most of the research studies are focused on 
risk assessment, theoretical models establishment for 
optimal route for hazmat transportation, the accidents 
associated with hazmat transportation, the factors 
causing these accidents and the resultant financial, 
environmental damages etc. However, a relatively 
little number of studies are focused on the choice of 
mode of transportation for hazmat product 
transportation. Furthermore, given that no two 
different hazmat transportation cases in two different 
locations and situations can be the same, it is difficult 
to generalize the findings and recommendations of 
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other studies for all contexts.  

The current study contributes to most of these 
identified gaps as follows. First, the study is a 
contribution to the limited literature on the mode 
choice decision for hazmat transportation. Secondly, 
the study selects the best mode of transportation 
(among three) for the supply of oil within a country 
using FAHP and PROMETHEE in safety research. This 
study is the first of its kind to apply these techniques 
in this research area. Third, the study is first of its kind 
from Pakistan that is focused on such a big geographic 
location with huge demand for transportation of oil 
across the country. Fourth, the study considers various 
criteria such as monetary cost, environmental 
concerns, and the chances of accidents (calculated 
based on real accidents data) while selecting the best 
mode of transportation for oil transportation in 
Pakistan. Furthermore, the study also does a cost-
benefit analysis of an oil pipeline project from 
Machike (Sheikhupura) to Tarru Jabba (Peshawar), 
i.e., an extension of the existing small pipeline of oil 
supply to the end destination of the country as it has 
the potential to replace the existing road based truck 
transportation for oil supply in the country. The 
analysis will be helpful to allocate the precious 
resources in planning the oil supply in the country.  

 

3. Pakistan oil sector analysis 
This section includes details about the Pakistan oil 
sector in general and the oil supply chain. The sector 
highlights the importance of the subject matter in the 
context of Pakistan economy and oil supply networks. 

The total area of Pakistan is 796,096 square 
kilometres and with a population of about 220 million 
(PBS, 2017) having per capita income around US$1500 
(MoF, 2019). The country population is growing at 2.4 
per cent annually. The country GDP is around 310 
billion US$ (WDI, 2020) with major share (over 50) per 
cent by services sector followed by about agriculture 
18 per cent share and manufacturing around 14 per 
cent share, respectively. Pakistan is not producing 
much of the oil at a local level instead it is mainly 
imported from the Middle Eastern countries, in 
particular, the Kingdom of Saudi Arabia (MoF, 2019). 
The Pakistan oil demand per day is equal to 498,000 
barrel per day. Furthermore, this demand is annually 
increasing by about 3 per cent per capita. At the 
national level, Pakistan oil consumption is growing at 
12 per cent per annum (BP, 2019). The major 
consumers of oil usage are the transportation sector 
(77 per cent) and power sector (14 per cent) of total oil 
consumption in the country. 

Pakistan imports the crude oil from different 
countries via sea routes and then it is further 
transported to the rest of the country after refinement. 
Pakistan refinery capacity is about 401,000 barrel per 
day (BP, 2019). The country transportation 
infrastructure (relevant for oil transportation) 

includes highways and motorways (total length 
around 12,743 km (this exclude the local roads), 
railways infrastructure (length of 7,791 km), and three 
functional ports, (MoF, 2019). The country also has 
some limited pipeline networks for oil transportation 
as shown in Figure 1. The two most important links of 
this network include KMK (Karachi-Mahmood Kot) 
link of 870 km linking Port Qasim (Karachi) to the 
mid-country refinery located in Mahmood Kot near 
Multan city and Mahmood Kot to Faisalabad–
Machhike (MFM) and it is 362 km long link. Oil is also 
transported using road transport-based oil 
tankers/trucks. The country has an over 32000 
privately owned and managed oil tankers working for 
transportation of oil across the country working with 
about 50 oil marketing companies (Kiani, 2018). 
Figure 2 shows Oil tanker transportation in Pakistan. 

 
Figure 2. Oil tanker transportation in Pakistan - Source: (PARCO, 
2020) 

The Pipeline network in Pakistan is not covering the 
entire country and most of the transportation of oil is 
undertaken via road. The modal split for oil 
transportation consists of 61 per cent through road 
transportation, 37 per cent through pipelines, and 
around 2 per cent through railways (OCAC, 2016). 
Pakistan has a large oil demand and it is increasing 
annually (BP, 2019). Furthermore, the oil has to be 
transported across the country to meet demand. 
However, Pakistan current major reliance on road 
transportation for these oil supply poses large risks. 
The carelessness of the drivers on the road in Pakistan 
(Zi, et al., 2014), the unawareness and weak 
implementation of traffic rules and regulations make 
this hazardous transportation through roads more 
dangerous. Accidents of oil tankers are common and 
sometimes, it may result in huge human losses. For 
instances, one such accident caused the death of over 
200 people on the spot (Sun, 2017). The government of 
Pakistan has taken various initiatives for traffic safety 
improvement in recent years. For instance, 
government improved the policing on the highways 
and motorways, the seat belt law has been 
implemented. In addition, they are running a 
campaign for safety awareness regularly. Other 
initiatives of the government include extending the oil 
pipeline from the existing Machike (Sheikhupura) to 
Tarru Jabba (Peshawar) covering the entire country 
diagonally from south location (Port Qasim Karachi) 
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to the North-West, Peshawar City. However, there is 
hardly any study that discusses or investigate this 
entire supplies of oil through various modes of 
transportation. This entire supply chain of oil 
transportation in Pakistan can be optimized for 
resource usage and to reduce the various associated 
risk in the existing road transportation dominated oil 
supplies. In this regard, the current study aims for 
optimizing the oil supply network across Pakistan 
along with identifying the best alternative for oil 
transportation. The structure of the study is given in 
Figure 3.  

 
Figure 3. Model for evaluating oil supply transportation modes in 
Pakistan 

The study evaluates the various modes of 
transportation for oil supply using multicriteria 
decision making based techniques. Furthermore, the 
study extends these the analysis for undertaken the 
cost-benefit analysis and later risk assessment for 
terrorist attacks (it has been very frequent in Pakistan 
until recent past) for the oil pipeline project from 
Machike (Sheikhupura) to Tarru Jabba (Peshawar). 
This analysis is useful for policymakers to allocate 
resources efficiently among various transportation 
infrastructure in general and oil transportation.   

4. Research Methodology and Data 

4.1. Background 

MCDM is a set of techniques that are used for decision 
making in various operations and management areas. 
In recent times these techniques have been extensively 
applied in many scholarly articles associated with the 
areas of operations (Ali, et al., 2018a), supply chain 
(Ali, et al., 2019b), health management (Ali, et al., 
2018b) and developmental studies (Ali, et al., 2019). 
The theoretical framework of the current study is 
presented in Figure 4. The MCDM techniques are used 
to rank different oil supply modes of transportation 
while using five criteria’s and twelve subcriteria. The 
study is based on two techniques of MCDM that are 
detailed in subsequent sub-sections. 

 
Figure 4. Theoretical Framework 

4.2. Fuzzy Analytical Hierarchical Process (FAHP) 
approach 

FAHP is used to assign a weight to alternatives 
(Ilbahar, et al., 2018). AHP calculator is used for 
calculation. Steps for Fuzzy AHP is given below. 

Step 1: Identifying factors: After conducting detailed 
research from scholarly work and reports several 
criteria were identified for the decision of selecting a 
mode of transportation for oil supply. These include 
monetary cost, energy consumption during 
transportation, environmental impacts, time 
duration, and risk of a number of accidents associated 
with the mode of transportation. 

Step 2: Identification of interdependence between criteria: 
The relation among criteria may affect the weights. 
The discussion with expert groups and the scholarly 
work reveals that the selected criterion has relations 
with one another. Therefore, the pairwise matrix is 
formulated by taking a survey from a group of experts. 
The survey questions appeared in the following way 
“which criteria should be more important in selecting 
oil transport mode as compared to other criteria”. The 
relative priorities are obtained by using a linguistic 
variable scale taken from (Liu, et al., 2012) as shown 
below in Table 2. 

Table 2. Linguistic variables for assigning weight to criteria. 

Linguistic variable Trapezoidal Fuzzy number 
(TFN) 

Very low (0, 0, 1,2) 
Low (1, 2,2, 3) 
Medium low (2, 3,4, 5) 
Medium (4, 5,5, 6) 
Medium-high (5, 6,7, 8) 
High (7, 8,8, 9) 

Source: (Liu, et al., 2012). 

Step 3: Determining the weight of each criterion: The 
pairwise matrix was used to determine the 
Eigenvalues for each criterion. Then, these 
Eigenvalues are used to develop weights by using AHP 
calculator. To obtain an average of respondents below 
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formulas were used: 

For,  ;; 

     (1) 

     (2) 

     (3) 

Where Zijk  represents a decision of expert k for the 
comparative rank of two criteria Ci-Cj. 

4.3. PROMETHEE and GAIA plane 

PROMETHEE technique is one of the MCDM based 
technique used for ranking alternatives. According to, 
(Macharis, et al., 2004), this technique was initially 
developed by (Brans, 1982) and further extended by 
(Brans & Vincke, 1985). The purpose of applying the 
PROMETHEE technique is to rank the different modes 
of oil supply in Pakistan. These modes of 
transportation include railways, oil tanker Lorries 
(road transportation) and pipelines. This technique is 
implemented using Visual PROMETHEE 1.4 Academic 
edition. The preference function describes how 
pairwise matrix valuation variances are transformed 
into grades of inclination. This function is associated 
with each criterion under consideration. Visual 
PROMETHEE is equipped with six different shapes of 
preference function to compensate for the most 
practical situation. This study uses V- shape function 
for quantitative criteria that includes 5 criteria (C1 to 
C5) as shown in Figure 4 (Brans & Mareschal, B, 2005). 
The usual function is used for qualitative criteria 
(Ahmad, et al., 2015). According to preference function 
three threshold P, Q and S are assigned. V-shape is one 
of the functions that stipulates values for P 
(preference threshold) and that its minimum 
deviation is taken as sufficient to generate a complete 
preference. Its value is assigned by using the 
Preference Function Assistant in Visual PROMETHEE 
software. For the case of indifference threshold Q 
value is taken as 0 for V-shape function (Brans & 
Mareschal, B, 2005). 

Graphical Analysis for Interactive Aid (GAIA) is a 
graphical complement to the PROMETHEE ranking. 
The purpose of GAIA is to define the main structures of 
decision complications. GAIA plane consists of three 
main information that is: Actions are represented by 
points. Actions with the high activity on selected 
criteria are positioned in the path of the conforming 
criterion. Criteria are symbolized by axes. These axes 
are oriented in an almost similar direction having 
comparable preferences and orthogonally for 
unrelated criteria. The weights of each criterion are 
symbolized by pi vector on the decision axis. Since 
GAIA is a graphical complement to the PROMETHEE 

ranking, it is used to visualize the outcomes of the 
analyses. 

4.4. Cost-benefit analysis Machike (Lahore)-Tarru 
Jabba (Peshawar) oil pipeline project (MTOPP) 

Currently, Pakistan has an oil pipeline network from 
Keamari (Port Qasim, Karachi) to Machike (Lahore). 
Pakistan plans to extend the existing oil supply 
networks till Tarru Jabba located close to a north-west 
city, Peshawar. The government of Pakistan had 
already approved Rs. 56 Billion for this project. It 
plans to construct a pipeline project for transporting 
white oil products from Machike (Lahore) to Tarru 
Jabba (Peshawar). The major idea is to reduce the oil 
thefts during transportation and controlling the 
monopoly of oil tanker association for their full 
control over the oil supply, improving the oil supply 
and reducing the cost of transportation. The feasibility 
studies of the projects are in the process (Ur Rehman, 
2019). However, there are also some litigation matters 
going on with the construction of this proposed 
pipeline based on build, own, operate and transfer 
(BOOT) by either ISGS (Inter-State Gas Systems 
Limited) or military-run Frontier work organization 
(FWO) (Bhutta, 2018). The project has two years of 
construction period with another 15 years of the 
contract period. This project is divided into three 
sections: 133 km long Machike-Chakpirana section 
(Section I), 138 km long Chakpirana-Sihala section 
(Section II) and 159 km long Sihala-Tarujabba section 
(Section III). The initial suggested capacity of the 
proposed pipeline is 4 million tons per annum. The 
pipeline infrastructure development requires very 
large capital costs compared to the railways and road 
transportation but has the lowest operations costs 
compared to the other two modes of transportation 
(Wilkerson & Cakir Melek, N., 2014). Cost-benefit 
analysis (CBA) is one of the bases for deciding on the 
financing of major infrastructure projects (Ali, et al., 
2020). Therefore, one of the minor aims of this study 
is to perform the qualitative benefit-cost analysis 
based on economic, social and environmental aspects 
of this project and to check its viability.   

4.5. Data and its sources 

The data in the study was obtained from various 
sources. The various statistics on the oil and 
transportation are taken from Economic Surveys of 
Pakistan (Ministry of Finance, Government of 
Pakistan), the Energy Year Books from Hydrocarbon 
Institute of Pakistan, Pakistan Bureau of Statistics and 
published reports from various official, national and 
international sources. The second source of data was 
the requirements of the MCDM approaches as input. 
For this purpose, Fuzzy AHP requires data for 
identifying weights for various criteria based on which 
alternative selection could be made. For this purpose, 
a survey was conducted among the expert personnel. 
The survey asks the experts to assign different weights 
to as per their understanding to various under 
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consideration criteria’s. These experts were selected 
from the oil industry and they all have vast 
experiences in supply networks of the oil. Responses 
were recorded on a scale of seven linguistic variables 
as per (Liu, et al., 2012) as shown in Table 2. The 
format of the survey questions was that the expert 
needed to assign importance(weights) for one 
criterion over the other criteria for a mode of 
transportation. To ensure the reliability of the 
respondent data, we did perform the consistency ratio 
analysis. These data are used to assign weights to 
different criteria’s and once the weight is assigned, 
then alternatives are compared by using the 
PROMETHEE technique. The source for data used in 
the PROMETHEE technique was also taken from 
various sources. The data on the trip delays mainly due 
to political protest or blockage of roads for other 
reasons were obtained from newspaper databases 
mainly. It was averaged and concluded that on average 
there are 4 days per month delay for oil road 
transportation and 1 day for rail. There is no official 
number on the use of energy by each mode of 
transportation in Pakistan. However, according to the 
American Association of the railroad road 
transportation needs 4 times more energy as 
compared to rail, so we adopted the very same 
measure for energy use across railways and road oil 
transportation. The oil spill for each transport mode is 
adopted from the USA congressional research service 
(John F, et al., 2014) as no such official records are 
available in Pakistan. The cost of different modes of 

transportation for oil transportation is taken from the 
Oil and Gas Regularity Authority (OGRA) of Pakistan. 
The accidents and the resultants number of deaths and 
associated losses were obtained from the local 
newspapers from 2005 to 2017 period. The data on 
greenhouse gases (GHG’s) are from the 
Environmental protection agency of the USA. The 
number of a terrorist attack data is taken from the 
South Asian Terrorism Portal (SATP) report (SATP, 
2017). The weight of each criterion is already assigned 
by using results of FAHP technique and weight 
assistant tool of Visual PROMETHEE software.   

5. Estimations, findings and discussion 
This section is composed of three subsections. First 
two sub-sections based on selecting the best transport 
mode for oil supply using FAHP and PROMETHEE 
techniques. The third sub-section comprises of cost-
benefit analyses of Machike (Lahore)-Tarru Jabba 
(Peshawar) oil pipeline project (MTOPP). 

5.1. Results of FAHP 

The FAHP technique is applied as per steps highlighted 
in their respective earlier subsections. The various 
calculations and their subsequent output such as the 
criterion weights, normalized principle Eigenvector, 
various iterations and single Eigenvalue are presented 
in Table 3-4. 

Table 3. Criteria weight obtained from the FAHP technique. 

Matrix C1 C2 C3 C4 C5 Normalized Principal Eigenvector (%) 
Cost (C1) 1 5 1/2 5 1/3 5 2/3 6 1/7 51.91 
Environmental impact (C2) 1/6 1 6 6 1/9 5 1/6 25.62 
Number of accidents (C3) 1/5 1/6 1 5 5/6 1/5 6.64 
Risk of a terrorist attack (C4) 1/6 1/6 1/6 1 1/6 3.16 
Duration (C5) 1/6 1/5 5 6 1/6 1 12.67 

Table 4. AHP Calculation Steps: Iterations and Normalization obtained from FAHP technique. 

   Iterations      Normalization 

0 12 
  

0.3438 0.51909 

2.36 6.25 
  

0.269 0.256217 

1.85 3.08 
  

0.1072 0.066433 

0.74 0.8 
  

0.0243 0.031572 

0.17 0.38 
  

0.1829 0.126688 

1.26 1.52 
  

0.0145 3.75E-12 

0.1 0 
  

0.0145 3.75E-12 

0.1 0 
  

0.0145 3.75E-12 

0.1 0 
  

0.0145 3.75E-12 

0.1 0 
  

0.0145 3.75E-12 

0.1 0 
  

Eigenvalue 6.245875 

 

It is evident that the cost criteria obtain the largest 
weight with having a value of 51.91. This is obvious 

that assessment of megaprojects is based on costs. 
Also, the success of any project depends on the 
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optimization of project outputs with effective cost 
management. The second major concern is the 
environment, followed by time duration and 
accidents, respectively. These are also understandable. 
The environmental cost is very high for any oil spills 
and its impacts stay for a longer period. Time is also 
important given that oil is an important input for all 
economic activities and its timely delivery is of prime 
importance to avoid any blockage of economic 
activities. The accidents also pose a risk of oil spill 
thus are reasonably ranked higher compared to 
terrorist attacks. The lowest weight obtained for “risk 
of terrorist attacks” can be attributed to the fact that 
Pakistan military has undertaken successful 
operations against militant that is also visible from 
the decrease in the frequency of the terrorist attacks in 
recent years. 

5.2. Results of the PROMETHEE 

The weight of sub-criteria (as listed in Figure 4) is 
assigned in the PROMETHEE technique by using 
weight assistant tool of software. These weights are 
used in PROMETHEE to rank the three alternatives 
modes of oil transportation in Pakistan. The 
PROMETHEE technique is conducted via Visual 
PROMETHEE software. Red, green, and black color in 
action input values represents optimal, medium and 
worst values respectively. Preference function for 
qualitative and quantitative data is taken as V shape 
and usual shape functions, respectively. The Visual 
PROMETHEE is equipped with different tools to 
present analysis results. In this study, we present two 
comparison models to discuss the results. First, 
PROMETHEE ranking 2 as shown in Figure 5 and 
second, GAIA analyses as shown in Figure 6. 
PROMETHEE ranking compares the alternatives 
corresponding to the two preference flows. It means 
that actions are also compared for complex criteria 
that are highly conflicting ones. Preference flows are 
obtained by pairwise comparison for all alternatives. -
1 value represents the worst probable value and +1 
value signify the best probable value. All action’s 
values lie between these two values. Results show that 
the pipeline mode of oil transportation has the highest 
positive flow, followed by railways and road 
transportation. Their corresponding values are 0.455, 
0.133 and -0.59, respectively. This implies that 
Pipelines are the best and railways are the medium 
mode of transportation for oil supply in Pakistan. 
Whereas, road transportation (based on tanker 
Lorries) is found to be the worst mode of 
transportation for oil supply in Pakistan. These 
findings are quite interesting and suggesting a 180-
degree shift from current road dominate oil 
transportation to the pipeline-based oil 
transportation. The second analysis is based on visual 
GAIA 3D plane. It is used to present the problem and 
the associated results in graphical form. It also 
compares the different criteria and alternatives. In 
these graphs, actions are signified by points whereas 
criteria on axes with a green node (at a lower point), 

and weight by decision axes. It is clear from Figure 6, 
that the most important criteria the costs and 
environmental impact had long axis compared to 
other criteria. In addtion, Figure 6 shows that criteria 
which have weight such as cost and environmental 
impact have long axis as compared to other criteria. 
Figure 6 also shows that the pipeline mode of 
transportation (blue box) is very close to the ideal 
solution shown by red colour compared to other 
modes of transportation. The railways are also 
relatively close to the ideal solution compared to road 
transportation that has been the further most.  

 
Figure 5. PROMETHEE 2 complete ranking 

 
Figure 6. GAIA visual plane 

5.3. Results of the Cost-Benefit analysis of MTOPP 

The various associated costs and benefits are 
discussed as follows. The construction of this pipeline 
has many economic, environmental and social 
impacts because it will be replacing the existing road 
dominated oil tankers Lorries transportation within 
Punjab and Peshawar region. In economic benefits the 
major benefits is the reduced costs for transportation 
of oil. It cost Rs. 792 to transport one-ton oil using 
this pipeline compared to cost equal to Rs. 2,628 (3.3 
times more) for transportation same quantity of oil 
using road transportation as estimated by OCAC 
(OCAC, 2016). This will be large saving in terms of 
costs. If other costs are not included the break-even 
for this investment will be achieved only in 9 months. 
Besides that, the pipeline transportation are faster 
compared to oil transportation, thus it will reduce 
time cost too. The environmental benefits are also 
enormous. Smog is a serious concern for Pakistan in 
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general and the Lahore city in particular (Ali, et al., 
2019a). GHG’s emission is one of the factors which 
supplements smog. Since the pipeline is 
environmentally friendly, this will reduce emission 
essentially. The negative externalities in the form of 
traffic congestions (especially on the entrance points 
of the urban regions) and risk of accidents these heavy 
tank lorries generate on roads will be very much 
disappeared with a shift of oil supply from these 
modes of transportation to the pipelines 
transportation. The social impacts will also be 
prominent. The existing road dominated oil supply is 
managed by the oil tankers that are part of the All 
Pakistan Oil Tanker Association (APOTA). This 
association has a monopoly of oil supply in the 
country and they do strikes frequently to pressurize 
government for their demands. Due to their monopoly 
power government cannot take strict action for 
improving the safety measures in these vehicles. 
These strikes do influence the entire economy and 
every segment of society. These cost huge monetary 
losses to the economy. The construction of this 
pipeline will sharply reduce government dependence 
on these tankers. It is also important to mention that 
the heavy vehicles required for transportation are 
mainly imported rather than being assembled in 
Pakistan.The qualitative overview of the associated 
benefits and costs of the proposed MTOPP project 
shows that overall there are a greater number of 
benefits associated with it that do outweigh the 
associated costs of this project thus making it a viable 
project for execution. 

The purpose of risk assessments is to deal with the 
various uncertainty associated with investment 
projects. The occurrence of pipelines incidents are not 
frequent globally, however, a single such event does 
cost huge monetary, environmental and human losses. 
Therefore, it is impossible to rule out the probability 
of any such risk for oil transportation. According to 
AOPL (Association of Oil Pipelines), 99.99% of 
Petroleum and Oil (POL) products reach safely to its 
destinations. Similarly, Manhattan Institute reported 
0.58 incidents per billion tons miles of the hazardous 
liquid pipeline during 2013. Therefore, the incident 
rate is pretty much controlled if the pipeline 
management companies take the essential steps to 
certify the social, economic and environmental 
concerns during all phases of pipelines operations and 
also that they operate as per standard define for its 
safe operation and maintenance. The pipeline 
companies were mainly concerns with incidents and 
the associated environmental, safety and maintenance 
issues in the pre-9/11 period. However, afterwards, the 
risks included terrorist attacks. According to (LaFree, 
et al., 2012) 13 Attacks are occurred in U.S. Experts also 
consider the controversial Keystone XL pipeline highly 
vulnerable to a terrorist attack. Pakistan also remained 
the main target of terrorist attacks during 2007-2017 
period. There were a large number of attacks on the 
various government installations and causing a lot of 
monetary and human losses. This is the biggest threat 

for any pipeline in Pakistan given that it is not easy to 
protect 24/7 a pipeline spread for hundreds of 
kilometres. The availability of ammunitions in 
surrounding areas (such as Afghanistan, terrorist 
organizations across boarder, tribal regions) do pose a 
great threat for any such infrastructure. One such 
incident can cause big monetary losses and can 
suspend the supply for weeks. There were 232 attacks 
on pipelines in the last 13 years with 16 deaths and 31 
injuries. Figure 7 shows the detailed data of terrorist 
attacks on the Pakistani pipeline infrastructure from 
2005-2017 (SATP, 2017).   

 
Figure 7. Number of terrorist attacks on energy pipelines in Pakistan 
(SATP, 2017) 

6. Conclusions 

This study is based on optimizing the oil supply 
network all over Pakistan by using the existing 
transportation modal information. The road base oil 
transportation is the dominate mode in Pakistan. This 
study compares the existing road transportation of oil 
with the pipeline and railways transportation.  The 
study used FAHP and PROMETHEE approaches to 
select the best mode of transportation for oil supply in 
Pakistan based on several criteria’s including 
economic costs, environmental impacts, time duration 
etc. The result suggested that the transportation of oil 
through the pipeline is the best mode of 
transportation for Pakistan while the current road 
transportation being the worst choice. Therefore, the 
government is suggested for embracing strategic 
direction for gradually replacing the road based oil 
transportation with pipeline transportation. This will 
be not only economical, faster but also safer and will 
reduce the risks of supply suspensions due to the 
strikes or protests. Furthermore, this will also reduce 
the maintenance budget for the road infrastructure 
due to comparatively lesser usage by the heavily 
loaded oil tankers. The study also undertook the 
qualitative benefit-cost analysis of the new proposed 
Machike (Lahore)-Tarru Jabba (Peshawar) oil pipeline 
project (MTOPP) based on its economic, 
environmental and social impacts. The study 
concluded that this project is viable based on these 
factors and being more economically and cost-
effective compared to the existing road based oil tank 
Lorries. However, the risk assessment analysis shows 
that the terrorist attacks may be a big risk for the 
proposed MTOPP project and could suspend the supply 
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of oil for weeks. It is suggested that the concerned 
authorities should also consider the security of 
pipeline along with globally adopted standard 
operating procedures for these kinds of projects. 
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