Journal of Environmental Sciences Studies (JESS) Vol.10 , No.2 , Summer (2025)

Journal of Environmental Sciences Studies (JESS)
Volume 10, Number 2, Summer, (2025)

FANPAYA

Knowledge Based Company
(PUBLISHERS)

Journal Homepage: www.jess.ir
Print ISSN: 2588-6851 Online ISSN: 2645-520X

Simulation, Exergy Analyses and optimization in Crude Oil Pre-
Refining (Case study: Central production facility and desalting

unit of Cheshmeh Khosh)

Kiuomars Naseri'*; Alireza Noorpoor?; Fatemeh Razavian®; Behnosh Khoshmaneshzadeh*

1.

Department of Environmental Science and Engineering, West Tehran Branch, Islamic Azad

University, Tehran, Iran.
School of Environment, College of Engineering, University of Tehran, Tehran, Iran.

3. Department of Environmental Science and Engineering, West Tehran Branch, Islamic Azad

University, Tehran, Iran.

4. Department of Environmental Engineering, Parand Branch, Islamic Azad University, Iran.

“Email Address: Q.naseri@gmail.com,

Article Info ABSTRACT
Increasingly, as technology advances in the twenty-first century, people are
Article Type: becoming more concerned about the exhaustion of natural resources and

Research Paper
Avrticle History:

Received Date:
2025/06/28
Revised Date:
2025/07/13
Accepted Date:
2025/07/14
Published Date:
2025/09/09

Keywords:

Process Simulation,

Exergy,

Crude Oil pre-refining,
HYSYS Software,
Cheshmeh Khosh Oil

ecological deterioration. Exergy analysis has been considered as a powerful tool
for evaluating the efficiency of energy systems and industrial processes,
including the oil and gas industries, which can reduce the concerns of this
industry. Therefore, the present study was conducted to analyze exergy to
identify energy loss points in the process, eliminate inefficient equipment (such
as low-efficiency heaters) and replace them with optimal systems, reduce energy
consumption and environmental pollutants through heat recovery, and increase
production by improving the efficiency of the crude oil processing process in
the Cheshme Khosh crude oil pre-refinery, which can have industrial and
environmental consequences, including economic savings (reducing operating
costs due to energy consumption), environmental sustainability (reducing
carbon footprint and other pollutants in accordance with green standards), and
generalizability to other oil and gas processing units. In this study, simulation
was performed using Aspen HYSYS software and based on exergy analysis, 2
heaters were removed and 5 heat exchangers were added to optimize the process,
which resulted in a 27.93% reduction in exergy loss in the process. This study
shows that combining exergy analysis with heat recovery and equipment
upgrades can simultaneously achieve economic, environmental, and technical
goals in the oil and gas industries.
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EXTENDED ABSTRACT

Introduction

Crude oil pre-refining processes, which are designed to extract water, gas, sulfur, and salt from crude
oil, are among the processes that have significant environmental consequences and high energy
demands. For this reason, exergy analysis is performed in the context of industrial environments for
more efficient use of energy. Engineers use exergy analysis for optimization Process optimization is an
excellent way to achieve production goals. Exergy evaluation is performed in an industrial environment
to maximize energy use.

Materials and Methods

In this study, first, process simulation (based on process maps and mass and heat balance PFD, P&ID,
H&MB and diagrams of pipelines and equipment) was performed using the Aspen HYSY'S software,
and using the output data of the software, the amount of exergy and energy consumed throughout all
parts of the process and equipment was examined, and then inefficient components were identified,
eliminated or modified in order to increase the efficiency of the equipment based on operational
parameters, process optimizer, and exergy analysis. Also, using the PipeSim software, the effect of
pipeline profiles on the operating pressure of the process was examined.

Results and discussion

In this study, in order to achieve the goals, using Pipe Sim software, the effect of pipeline profile on the
operating pressure of the process was investigated and it was determined that it does not have much
effect on the operating parameters. Therefore, after simulating the crude oil processing process using
HYSYS software and exergy analysis, heat exchangers were added to the simulation and the energy of
hot streams was used to heat cold streams. Two heaters were removed from the simulation and five heat
exchangers were added. With this method, in addition to eliminating inefficient equipment, the heat
required for other heaters is also reduced. The results of calculating exergy loss before and after adding
heat exchangers and removing heaters indicate a 93.27% reduction in exergy loss in the process,
indicating a significant improvement in energy efficiency, reduced fuel consumption and pollutant
emissions due to the removal of heaters dependent on external energy sources, increased production
efficiency by optimizing the energy balance in the system, which can have industrial and environmental
consequences, including economic savings (reducing operating costs due to energy consumption),
environmental sustainability (reducing carbon footprint and other pollutants in accordance with green
standards), and the ability to generalize to other oil and gas processing units.

Conclusion

This research shows that exergy analysis is not only a theoretical tool, but also that combining exergy
analysis with heat recovery and equipment modernization is a practical solution for multidimensional
optimization (energy, economy and environment) in the oil and gas industry. The results obtained can
be a model for other industrial units to move towards sustainable production with a systematic approach.
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Total exergy= Total inlet exergy - Total outlet exergy , Total exergy =67633511.44 (kJ/h)
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