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 
Abstract—Natural gas, as one of the most important sources of 

energy for many of the industrial and domestic users all over the 
world, has a complex, huge supply chain which is in need of heavy 
investments in all the phases of exploration, extraction, production, 
transportation, storage and distribution. The main purpose of supply 
chain is to meet customers’ need efficiently and with minimum cost. 
In this study, with the aim of minimizing economic costs, different 
levels of natural gas supply chain in the form of a multi-echelon, 
multi-period fuzzy linear programming have been modeled. In this 
model, different constraints including constraints on demand 
satisfaction, capacity, input/output balance and presence/absence of a 
path have been defined. The obtained results suggest efficiency of the 
recommended model in optimal allocation and reduction of supply 
chain costs. 
 

Keywords—Cost Approach, Fuzzy Theory, Linear Programming, 
Natural Gas Supply Chain. 

I. INTRODUCTION 

UPPLY chain management has been one of the most 
important and challenging issues over the recent years. By 

definition, a supply chain is a network of suppliers, producers, 
product storage warehouses and distribution centers which 
would be organized in a way that the process of procurement 
and receiving parts and raw materials, converting these raw 
materials into finished products, and distribution of products 
among customers would be facilitated [1]. Gas supply chain is 
a huge network of equipment, infrastructures and complex 
processes which includes a range of operations from 
extraction of gas to its delivery to the customers. In this chain, 
suppliers and customers are connected to each other over a 
long distance and natural gas should flow through this network 
with a suitable pressure. From the perspective of natural gas 
supply chain, few papers have considered all the levels of 
natural gas supply chain. Reference [2] considered a multi-
period mix integer linear model for gas supply chain at the 
three levels of producers, transmission companies and local 
distribution companies. Reference [3] proposed a single-
objective, multi-period mix integer nonlinear mathematical 
model for multi-echelon gas supply chain and solved their 
intended distribution programming using a hierarchical 
algorithm. Reference [4] focused on modeling gas pipelines 
flow and obtained maximum network flow using linear 
mathematical programming and through Brazil’s database. As 
mentioned, most of the studies regarding mathematical 
modeling of natural gas merely focus on one part of supply 
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chain. In addition; they did not consider uncertainty in their 
models. 

II.    NATURAL GAS SUPPLY CHAIN 

Gas industry has particular characteristics which distinguish 
it from other industries. The strategic importance of the 
product, fluctuating prices and political pressures affect the 
gas supply chain. Gas supply chain comprises of three main 
parts of extraction and refining, transportation network and 
distribution network, which in turn complicates the issue, 
because each of these three parts has its own challenges. 
Exploration and extraction is the first level in the gas supply 
chain. Then, the produced sour gas is processed and refined. 
Through nationwide high pressure pipelines and numerous 
compressor stations, the processed sweet gas is transmitted to 
consumption centers. Along this path, the demand of main gas 
customers including power plants and major industries is met 
and eventually, after going through city gate stations, natural 
gas enters cities and is delivered to residential customers and 
commercial-small industries customers. [5] 

III. PROBLEM DEFINITION 

In this study, modeling natural gas supply chain has been 
conducted at five levels. At the first level, two types of 
suppliers (gas well and importation), at the second level 
refinery, at the third level compressor station, at the fourth 
level city gate station and finally at the fifth level, six groups 
of customers (including oil well injection, exportation, 
industrial customers, power plants, residential customers and 
commercial-small industries customers) have been considered. 
Storage tank, as one of the components of the supply chain, 
has also been modeled. This network has been formulated 
with the aim of minimizing supply chain economic costs and 
in the form of a multi-period fuzzy linear mathematical 
programming model in which the one-year horizon and 
periods have been considered discreetly and in the form of six-
month periods. 

In this chain, gas is transmitted to the refinery after being 
extracted from a gas well; however, a portion is allocated to 
sour gas injection to oil wells. After refining the gas, the 
refinery sends it to the compressor station where a portion is 
allocated to sweet gas injection to the oil wells. Importation 
directly enters the network and, along with the gas produced in 
the refinery, enters the compressor station. Therefore, 
compressor stations receive the gas from the refinery, origin of 
importation or another station and deliver it to the storage tank 
or another station or meet the exportation-industrial-power 
plant demand or deliver it to the city gate station. This means 
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Equation (1) shows the objective function, the objective 

function of this problem has been considered as the cost of 
supplying at each level and the cost of transmission to the next 
level. Equations (2) through (7) represent the constraints on 
fulfilling various customers’ demands. Constraints on capacity 
have also been modeled in (8) through (13). Also, (14) 

through (16) consider the constraints on input/output balance. 
Finally, (17) expresses the constraints on presence/absence of 
a path in the model. Parameter λ represents the presence or 
absence of a certain path. 

V.  CONSIDERING UNCERTAINTY IN THE PROBLEM AREA 

Given the dynamic and complex nature of the factors 
affecting decision-making area in the supply chain 
management, such decisions face a high level of uncertainty. 
Failure to adopt an appropriate approach for considering this 
problem and dealing with it can severely affect the supply 
chain performance. In this research problem, due to lack of 
access to objective and historical data, insufficiency of these 
data and also impossibility of assigning exact numerical 
values to these parameters, most of the parameters affecting 
the problem have a fuzzy and non-deterministic nature. Thus, 
in the proposed model, all the parameters related to demand, 
cost parameters and parameters related to capacity have been 
considered as a triangular possibility distribution function. In 
fact, model parameters have been expressed in the form of 
fuzzy numbers with triangular distributions such as 

(A ,A , A )p m oA   which represent the most pessimistic, most 

likely and most optimistic values of these parameters 
respectively [6], [7]. It is noteworthy that in the proposed 
model, to represent parameters which face uncertainty in the 
decision-making area, “~” sign has been used. 

In the literature, several methods have been presented for 
conversion of possibilistic models with imprecise coefficients 
in the objective function as well as constraints into the 
deterministic model [8]-[10]. In the presented solution in this 
research, in order to convert the proposed fuzzy linear model 
into its equivalent deterministic model, the approach proposed 
by [8] has been used due to its high efficiency. Due to 
prolongation of Contents, just two constraints of defuzzy 
model was presented here. Other ones are the same. 
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VI. NUMERICAL EXAMPLE 

To verify the proposed model, a small-sized problem with 
random data and within reasonable intervals has been solved 
using GAMS 23.2 software. The considered network has been 
considered as 2 gas wells, 1 origin of importation, 1 refinery, 3 
compressor stations, 2 city gate stations, 1 storage tank, 2 
injection customers, 1 exportation customer, 1 industrial 
customer, 1 power plant customer, 3 residential customers and 
3 commercial-small industries customers. The general scheme 
of the abovementioned network is as shown in the below 
figure. 
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