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Abstract

Operational centers play a vital role not only in the oil and gas
industry but also in many other industries, serving as one of the key
export factors contributing to national revenue. The extracted oil and
gas are essential for many industrial sectors and end consumers.
However, the operations of extracting and refining heavy crude oil
have undergone significant transformations due to changes in products
designed to meet market demand and environmental regulations. This
study focuses on designing a fuzzy network model to evaluate the
efficiency of oil and gas operational centers in the country, based on
undesirable outputs at the oil extraction centers in Khuzestan
province. In this research, Data Envelopment Analysis (DEA) of
network models was used to assess the efficiency of the centers, with
toxic gases such as CO2 and SO2 identified as undesirable outputs at
each stage. The results of the analysis of data from 9 centers showed
that none of the units achieved an efficiency score of one, with the
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main reasons being the use of outdated equipment due to sanctions
and the lack of use of liquefied and natural gas as alternatives to diesel
and gasoline in machinery for oil extraction and refining. Finally, it
was recommended to utilize renewable energy sources and appropriate
filters in the equipment to improve efficiency and reduce harmful
emissions.

Introduction

Oil and gas operations encompass a wide range of activities, including
exploration, production, transportation, refining, and distribution.
These operations are inherently complex and often involve high-risk
activities carried out in remote and challenging environments. As a
result, ensuring operational efficiency and safety within the oil and
gas sector is critical, not only for maintaining continuity but also for
protecting human lives and the environment. The goal of this paper is
to present a fuzzy network model for evaluating the efficiency of the
country's oil and gas exploitation centers, specifically focusing on
undesirable outputs and weak disposability within the oil exploitation
centers of Khuzestan Province. Although various studies have been
conducted on the performance evaluation of refineries and their
downstream supply chains, including operational centers, it appears
that there has been little comprehensive research on evaluating the
performance of oil and gas operational centers to reduce
environmental pollutants. To evaluate the efficiency of oil and gas
operational centers in three interdependent subprocesses, a fuzzy non-
parametric linear programming DEA model is used. On the other
hand, traditional DEA modeling is deterministic and precise. Fuzzy
DEA is used when variables change annually due to economic
conditions or macroeconomic factors. Therefore, to overcome
uncertainty, efficiency at each stage is modeled as a fuzzy triangular
number. In contrast, the closed-loop fuzzy DEA system is used to
avoid including unnecessary variables at each stage as inputs for the
next stage, which may alter the objective in any subprocess. The
proposed method evaluates the performance of each subprocess and
identifies the results of regular DEA for all three stages of each DMU.
This study is the first of its kind to comprehensively examine
environmental performance efficiency in the oil and gas exploitation
sector in lIran using a three-stage closed-loop fuzzy DEA model,
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including undesirable outputs. Furthermore, intermediary data, which
has traditionally been considered only as desirable data, is discussed
in this research, including undesirable intermediary data, which has
not been addressed in previous studies.

Materials and Methods

The research was conducted using a library and documentary method,
with the non-parametric technique applied through the use of GAMS
software. The required information and statistics for this study were
gathered from the Planning Management Unit of the country’s oil and
gas exploitation centers. To ensure the reliability of the data, the
Fuzzy Delphi Method (FDM), which combines the Delphi consensus
panel with fuzzy set theory (FST), was utilized to address
uncertainties and determine the membership function of each
participant. In the first step, key criteria for evaluating the
performance of the exploitation centers were identified. A total of 35
input criteria and 33 output criteria were extracted based on the
research literature. The Fuzzy Delphi Method was then used to select
the most critical input and output criteria. The first phase of this
process involved the selection of experts. A panel of 20 experts,
comprising professionals from the oil and refining industry and
university professors, was consulted. Subsequently, using a fuzzy data
envelopment analysis (DEA) network model, the efficiency of the oil
and gas exploitation center units was evaluated based on the principle
of weak disposability.

Discussion and Results

The results of the data analysis for the nine centers revealed that none
of the units achieved an efficiency score of one. The primary reasons
for this inefficiency were the use of outdated equipment, a
consequence of ongoing sanctions, and the failure to replace diesel
and gasoline with liquefied natural gas in the machinery used for
crude oil exploitation and refining.

Conclusions

This paper uses the fuzzy network DEA method, considering
undesirable outputs with the principle of weak accessibility, to
measure the efficiency of oil and gas operational centers in Khuzestan
province. Based on the calculations of this study, it was found that
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none of the oil and gas extraction centers are efficient and they are
associated with high environmental pollution. However, the efficiency
of Unit 1 is higher than the other units, and the overall efficiency
results from the efficiency of the three other stages, which have a
significant impact on the total efficiency. The higher efficiency of
Unit 1 can be attributed to its equipment, costs, and production
volume.

Currently, most operational centers are extracting heavy crude oil,
which is a consequence of over-extraction from oil wells. To improve
performance, it is recommended to upgrade the extraction and refining
equipment for heavy crude oil or initially refine the heavy oil into
light oil. One of the most important factors leading to lower efficiency
in these centers is the use of diesel fuel in machinery for refining
heavy crude oil, which is also one of the major sources of
environmental pollution. Replacing diesel with natural gas or liquefied
petroleum gas could reduce pollution levels. Additionally, the
extraction of crude oil for domestic consumption exceeds the actual
demand, which also contributes to a reduction in efficiency.
Therefore, to improve the efficiency of the units and reduce
environmental pollution, it is suggested to establish more operational
centers, use modern and environmentally friendly equipment, and
minimize pollution.

Advanced instrumentation and control systems have emerged as
key tools in achieving these dual objectives, enabling operators to
optimize production processes, enhance safety, and ensure compliance
with regulations. Instrumentation and control systems play a
significant role at every stage of oil and gas production, from
exploration and drilling to refining and distribution.

Finally, it should be noted that oil extraction for export and
domestic use is unavoidable. Thus, the process cannot be reduced or
halted solely because of pollution; instead, the focus should be on
employing appropriate and modern equipment to minimize the
production of harmful pollutants. Filtration systems can be used to
minimize pollutant emissions, and noise reduction technologies can
help mitigate the environmental impact of machinery and equipment.

Like other studies, this research faced challenges and limitations,
the most significant of which was the access to information on
greenhouse gases and the costs of each unit. Additionally, the data
was reviewed for a specific period, so it is recommended to use panel
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data methods over a 10-year period to analyze the efficiency of the
units. Environmental and social aspects were not considered in this
analysis, as they require subjective evaluation by decision-makers and
specialists and the definition of relevant criteria to make their
development more reliable.

Keywords: Efficiency evaluation, network data envelopment analysis,
undesirable outputs, weak disposability, oil and gas exploitation
centers.
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