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Economic analysis and investment 
in fuel industry considering risk management 

by analytical hierarchy process

Abstract. Natural Gas production and distribution network plans are one of the most common ways to 
increase energy consumption efficiency. Due to the uncertainty of the economic parameters, the economic 
justification of this system is very difficult. In this research, the economic risk of investing in urban gas 
distribution systems has been done with the analytical hierarchy process (AHP). With the development 
and condensation of urban gas supply networks, accidents caused by gas leaks and other external factors 
have also increased. Therefore, in recent years, the issue of safety and risk analysis of urban gas networks 
has received special attention from responsible companies and other urban and safety experts. Gas 
distribution lines often pass in the vicinity of crowded areas and buildings, so any accident for these lines 
will lead to a lot of human and financial losses. In the present study, in order to improve the gas supply 
situation and reduce the risk of failure in Indonesia, urban gas pipelines have been studied to reduce 
the costs. In this paper, multi-criteria decision making method analysis is used to identify and evaluate 
the hazards of urban gas pipelines and the risk of occurrence of each hazard is calculated. There was a 
meaningful relationship based on economic-financial theories between economic factors and investment 
risk in the gas industry, which emphasizes the greater and more significant effect of exchange rate, 
failures and inflation rate variables in comparison with other research variables in the matter of controlling 
investment risk in the gas industry. The effects of changes in energy prices and the economic environment 
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in explaining the behavior of investment risk in this industry have placed the next level of importance. The 
results showed that with the increase in energy prices, the economics of gas production and distribution 
risk management plans have improved and the regular trend of energy price increases can guarantee the 
profitability of fuel consumption optimization plans.
Keywords: Economic Analysis; Fuel Economy; Risks; Gas Pipelines; Multi-Criteria Decision Making; 
Analytical Hierarchy Process
JEL Classіfіcatіon: M10; M11; Q13; Q17
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1. Introduction
Today, the use of gas as one of the most important sources of energy supply, has a spe-

cial place in the daily lives of people around the world, so that in many macro-country plan-
ning in various economic, political, military and even culture is considered as one of the impor-
tant factors of social life (Abrahamsen et al., 2020; Alves de Araújo et al., 2022; Bozorgkhou & 
Hakimipour, 2014). The increasing acceleration of industry and technology and the increasing 
dependence of people on industrial products, as well as the tendency of governments to use 
cheap fuels in industry and domestic consumption all indicate the undeniable role of the gas in-
dustry in human societies and its optimal use in economies, while accelerating the growth and 
prosperity of society, can be considered as one of the important indicators of achieving com-
prehensive development. 

The economic importance of using gas as a cheap fuel, without environmental side effects, 
easy transportation, having abundant thermal energy that can be used in many factories, power 
plants, huge industrial and production centers is not hidden from anyone, and this is a wide and 
comprehensive application (Lashgari et al., 2022). It has caused gas to play a very important 
role in human life today. The gas industry starts from the exploration stage and continues until 
gas consumption. This process can be divided into the following stages: 
1) Production; 
2) Refinement; 
3) Transfer; 
4) Gas supply (gas distribution system); 
5) Exploitation and consumption.

The gas enters the CGS main city gas station through the transmission pipeline with a maximum 
pressure of 700-1000 psi and a minimum pressure of 300-350 psi (Nursalim, 2021), and after re-
ducing the pressure to 250 psi, the gas enters the pressure reduction stations through the main 
lines of the supply network or the belt loop. 

Jo & Ahn (2002) studied the ranges caused by the damage of high pressure gas lines, and in 
this study, a distance of 20 meters for low pressure lines and a distance of 300 meters for high 
pressure lines was determined as a distance with high risk potential. In this method, the location 
map of the lines and population density information were used for risk analysis and acceptable 
results were obtained (Muhlbauer, 2004). In research by Jo et al. (2004), the authors assessed 
the risk on a 40-kilometer high-pressure pipeline using the qualitative method of indexing and 
the use of GIS capabilities. Abdelaziz et al. (2006) in their results stated that the use of GIS in-
creased the accuracy of the risk estimation process. Ma et al. (2013) used an indexing method 
to estimate the risk of gas transmission lines, the output of which was a relative risk score. In the 
mentioned method, the potential of line breakage was done in the form of a number of weighted 
factors by experts. 

Alkhalidi et al. (2020), by conducting a study on the failure of pipelines and risk estimation, the 
corrosion index of the lines over time carefully examined and confirmed the reduction of the thick-
ness of the steel lines and the increase in the risk caused by it. Marhavilas et al. (2019), by con-
ducting a quantitative analysis regarding the risk of urban gas networks, investigated the distance 
of the risk leading to death and the influencing parameters. The distinctive feature of their work 
is the use of GIS analytical capabilities in estimating the risk levels of parameters. Najafi & Nasi-
ri (2013), in order to quantify the risk assessment of gas supply networks, with the help of graph 
theory, formed the network divided into parts and for the important points located in each part, a 
number was extracted as the risk value, and then with the help of interpolation functions in ArcGIS 
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Figure 1: 
The general structure of the analytical hierarchy process

Source: Ma et al. (2013)

software, prepared a risk zoning map in the whole city. In this research, the economic model for 
the gas supply system is examined in order to control and manage risk in urban gas pipelines in 
order to improve the level of safety in them. Also, it is the best option based on various criteria for 
safety in urban gas pipelines to reduce the maintenance costs of the fuel supply system.

2. Method
Risk management is a dynamic process and indicates the identification, evaluation and 

economic control of all types of risks. In order to establish a written system of risk manage-
ment in the organization, it is first necessary to determine the scope and extent of the risk 
and to study it in order to collect relevant information. The better the quality of information, 
the more consistent the results of risk management will be with reality. At this stage, which is 
known as risk analysis, all obvious and hidden risks are identified and the value of each risk 
is determined qualitatively. Then, analysis of probabilities and modeling of the consequences 
of accidents is done in order to determine the severity of risks, which is known as quantitative 
risk analysis. 

The sum of qualitative and quantitative risk analysis steps is called risk assessment (Brito & 
Almeida, 2009). The stages of the risk management process are data collection, risk identifica-
tion, qualitative assessment of risk, quantitative risk assessment (Probability analysis, analysis of 
the severity of occurrence), and risk assessment. Finally, if the amount of risk under consideration 
is acceptable, the operation will be over. By reduction of the risk, the cost analyses can be reduced 
and financial status can be stable. 

The structure of the risk acceptance criteria is organized in three parts as shown in Figure 1. 
This form is known as risk carrot. The upper part shows the unacceptable risk area and the lower 
part shows the risk area that can be ignored. The area between upper part and the lower part is 
the place where the amount of personal, occupational and social risk should be reduced as much 
as possible (Ishenin et al., 2021).

3. Results
Risk management and assessment is one of the most important activities for gas pipeline net-

works, especially in cities. In this section, an economic analysis was performed to estimate the 
risk in gas pipelines as urban fuel consumption and its results were presented. Natural gas pas
ses through different gas supply networks to reach consumers. Natural gas reaches the gate of 
the city through the main lines that make up the transmission network, then it is transferred to 
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the consumers that include domestic, industrial and special consumers using the distribution 
network. Therefore, maintaining the safety of gas pipelines is of particular importance. Figure 2 
shows the breakdown of the gas network in the last 5 years (2018-2022) separately.

3.1. Analytical Hierarchy Process
At this stage, the main problem is defined and the purpose of decision making is drawn as a 

hierarchy of factors and elements that make up the decision. The process of hierarchical analy-
sis requires breaking the decision problem with several indicators into a hierarchy of levels. For 
this purpose, a decision tree is used, which consists of three levels. The first level includes the 
overall goal of decision making. In the second level, there are general criteria, based on which 
decisions are made, and in the third level, the decision options for improving the gas network are 
given. At this stage, using the advice and opinions of 20 experts (taken in 2021 and 2022), com-
parisons were made between the decision-making criteria and according to the nine quantita-
tive results, the priority of the criteria is specified and presented in Table 1.

According to Table 1, it is clear that the diameter of the matrix is 1 in all cases, and this shows that 
the importance ratio of a factor compared to itself is equal to one, and the importance of the factors 
to each other has the property of reversibility, so that the importance ratio is possible Feasibility to 
the degree of reduction of the consequence is the inverse of the ratio of the degree of reduction of 
the consequence to the feasibility, and it is clear that the feasibility is twice more important than the 
degree of reduction of the consequence, because an option must first of all have the ability to be 
feasible to be implemented in order to be able to reduce the amount of consequences.

As the case study in the natural gas distribution network for Bandar Lampung city for calcu-
lation of the sum of the values of each columns of the general criteria, as presented in Table 2 
(normalized one) we add the values of each column together. 

Table 1: 
Relative priority of general criteria

Source: Authors’ own finding

Figure 2: 
Comparing of cost of network failure vs maintenance in risk analysis in Indonesia, USD 

Source: Authors’ own finding based on  Indonesian Economic and Financial Statistics (SEKI) 
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For the rate of reduction of the outcome as an example: 2 + 1 + 1 / 2 + 1 / 3 = 6 / 23. Calculation 
of the normalization of the elements of the column, the rate of reduction of the probability of oc-
currence: First row: 4 ÷ 15 / 2 = 0.533; Second row: 2 ÷ 15 / 2 = 0.266; Third row: 1 ÷ 15 / 2 = 0.133; 
Fourth row: 1.2 ÷ 15 / 2 = 0.066. 

Mean calculation of the elements of each line of general criteria: In this section, according to 
Table 3, we calculate average of elements in each row.

Calculation of the average lines of the criterion of the amount of cost for implementation: 
0.083 + 0.066 + 0.086 + 0.086 = 0.080.

The sum of the importance coefficients of the general criteria is equal to 1, which indicates its 
relative importance (0.52 + 0.26 + 0.14 + 0.08 = 1).

The developing countries, especially Southeast Asia, have not only benefited from the techno
logy and technical knowledge of the developed countries, but also the management techniques of 
the developed countries for their economic and industrial progress. There is no doubt that suitable 
industrial accounting systems are able to identify the bottlenecks and problems of production sys-
tems (Kim & Kim, 2018). Among these, we can mention the cost price invoices in which the items 
that make up the cost price of goods such as direct materials; direct labor and overhead costs 
are the main components of this bill. In this invoice, the items of production overhead costs can 
be examined separately and through them, appropriate solutions can be taken to reduce the cost 
price. The most important items that make up the cost of goods in organizations are the costs of 
indirect materials; depreciation; Maintenance; electricity, fuel, etc. As the results showed, mainte-
nance and repair costs take a major share, and the analysis of the results related to this cost item 
can help us to improve the level of productivity in this industry.

3.2. Cost and Investment Analysis
In this part the economic analysis of the investment in gas industry is done based on the fi-

nal price strategy. The mean price of natural gas is 0.093 U.S. Dollar per kWh for households and 
0.081 U.S. Dollar per kWh for businesses (Hermawan & Purwanto, 2020). In this situation, it is as-
sumed that the price of energy will not remain constant in the coming years and we will see the 
trend of increasing prices according to the previous years. Therefore, the obtained probability dis-
tributions are used to estimate energy prices in the coming years.

As can be seen in Figure 2, the investment return period is between 25 and 32 months, 
which is a relatively acceptable investment for the implementation of the simultaneous pro-
duction plan. Figure 3 shows that despite the increase in the initial investment cost, due to the 
increase in energy prices, the profitability of the plan is still high and with a probability of 96% 
between 30-55%.

In Figure 4, the current value of the capital after a period of four years and including the bank 
loan with an interest rate of 20%, with a probability of 95% is between 5.2 and 5.7 times the value 
of the investment, which is an attractive investment in the world economic conditions.

Table 3: 
Calculation of the average of each row of general criteria

Source: Authors’ own finding

Table 2: 
Total values of each column of general criteria

Source: Authors’ own finding
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4. Conclusion
The increasing urbanization, especially in big cities, has caused the growth of gas consump-

tion demand and consequently the development and densification of gas supply lines. With the 
development and densification of the gas supply network, the cost and accidents caused by 
gas leakage and other external factors have also increased. For this reason, in recent years, the 
issue of safety and risk analysis of gas networks has received the special attention of trustee 
companies and other urban and safety experts. If pipelines or related equipment have an acci-
dent, it will result in consequences such as fire, explosion, and release of toxic gases, which is 
a threat to the safety of people, industries, infrastructure, and the environment. In this article, 
by presenting the economic model and investment management in the maintenance and repair 
sector of the fuel supply system, the effective factors in reducing the cost have been prioritized 
and presented. It is obvious that prevention is better than cure, so in order to reduce the acci-
dents and damages caused by it, it is necessary to provide a scientific framework for assessing 
and analyzing the risk caused by gas pipelines that can quantify and display the risk of gas sup-
ply networks.
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