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Introduction

In the competitive landscape of global industries,
success lies in increasing production while reducing
costs. This success can be achieved through extensive
research to tackle energy wastage and environmental
pollution. The need to optimize the performance of
flare networks, commonly found in refineries and oil
production sites, is crucial to minimize the release
of environmental pollutants and conserve energy
[1]. Flaring, a significant source of greenhouse gas
emissions and environmental hazards, leads to the
emission of toxic gases like carbon monoxide, sulfur
oxides, and nitrogen oxides. These emissions not only
harm the environment but also pose risks to the safety
of units and employees. Therefore, improving the
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operation and structure of flare networks is essential to
mitigate the adverse effects of flaring. In 2022, global
gas flaring reached 139 billion cubic meters, resulting
in the release of 500 million tons of greenhouse gases
annually [2]. Iran ranked 13th in the world for its
greenhouse gas production, with a 1.2% contribution
to global emissions. Statistics from the World Bank in
2021 show that over 588 billion cubic feet of gas were
burned through flare networks in Iran [3].

Through persistent efforts to decrease global flaring,
gas recovery systems now allow for the retrieval
and utilization of gases sent to flare networks. These
recovered gases can be repurposed as fuel for boilers,
gas products, and electricity generation. Fig. | illustrates
the schematic process of this innovative system.
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Fig. 1 Schematic of Flare Gas Recovery System.
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Materials and Methods

The study focusing on gas refineries in the Asalouye
region highlighted the significant sources of gases
directed to the flare network, which include gases from
various units such as the sweetening unit, condensate
stabilization unit, sweeping, purge gas, and the ethane
sweetening unit at the refinery. Each gas refinery in
the area is equipped with three distinct flare networks,
catering to high pressure, medium pressure, and low-
pressure gas flaring based on the process type and
gas pressure requirements. The effectiveness of flare
gas recovery systems is closely tied to the source of
consumption. It has been recognized that an optimal
approach for efficiently utilizing the recovered gases
involves their reutilization and introduction at the
initiation of the sour gas sweetening process within
the refinery.

Two consumption scenarios have been outlined for
the utilization of recovered flare gases. In the first
scenario, the flare gas flow undergoes compression
by the recovery system to reach a pressure of 9
bar. Subsequently, reciprocating compressors are
employed to further increase the pressure to match
the input pressure of the gas sweetening unit at 70
bar and a temperature of 25 degrees Celsius. In the
second scenario, flare gases are initially collected
from the flare network and pressurized to 9 bar by
the flare gas recovery system. The pressurized gases
are then directed to the compressors within the gas
condensate stabilization unit before being injected
into the gas sweetening unit for further processing.
The methodology of the study involves several steps.
Initially, the flare gases recovery system is simulated
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to achieve values for increasing the pressure of
recovered gases to 9 bar and maintaining a temperature
of 25 degrees Celsius. Subsequently, simulations are
conducted for both the first and second scenarios. Once
the process details are obtained, exergy simulation and
analysis are performed using Aspen Plus software to
calculate and analyze the exergy efficiency of each
scenario.

Results and Discussion

During the steady state simulation, the mass and
energy balance of the process are performed, and
the characteristics of each flow and equipment are
calculated. Taking into account the composition
of flare gases and the presence of acid gases, Peng-
Robinson’s equation of state is employed to calculate
thermodynamic data, ensuring a steady-state
simulation. Initially, the flare gases from the high,
medium, and low-pressure headers are collected and
then directed to the flare gas recovery system at a
pressure of 1.7 bar and a temperature of 25 degrees
Celsius. The compressor consumes 1507 kilowatts of
power and operates polytropically with an efficiency of
77%. Upon increasing the gas pressure, its temperature
rises to 152 degrees Celsius, which is subsequently
reduced to 25 degrees Celsius using a heat exchanger.
Finally, the gas condensate is separated using a two-
phase separator. The simulation schematic of the flare
gas recovery system in Aspen Hysys is illustrated
in Fig. 2. Additionally, simulations for the first and
second scenarios are conducted, and all necessary data
for exergy simulation are extracted.

Fooler-Duty

HP-Flare @ Recovered
= Compress-Gas / ?sasé
Lid 152.1C Cooler ES
bar_g 9.71 bar_g . rg
To-Flash
'25C Separator
Compressor 971
bar_g
MP-Flare
*25C
1.1 y
bar_g Mixer Comp-Duty
LP-Flare
*25C ggrgensate
1.7
bar_g 9.71bar_g

Fig. 2 Simulation schematic of flare gas recovery system in Aspen Hysys.



Petroleum Research, 2024(October-November), Vol. 34, No. 137

Exergy considers changes in the enthalpy and entropy
ofa system, with the difference in enthalpy representing
the system's ability to perform work compared to
entropy, which accounts for the sum of irreversibility
within the system. Moreover, to conduct exergy
analysis, the exergy of streams and the energy input
and output by compressors and coolers are calculated,
culminating in the determination of exergy efficiency.
Furthermore, exergy efficiency represents the ratio of
exergy input to the process compared to exergy output,
where input exergy relates to the exergy of incoming
streams and compressors, while output exergy pertains
to outgoing streams and intermediate coolers.

Based on data acquired for each stream within the flare
gas recovery system, the calculated exergy efficiency
is 64.45%. The first scenario involves elevating the
pressure of gases recovered from the flare network
using reciprocating compressors, raising the pressure
from 9 to 70 bar. Initially, the scenario is simulated
based on the exergy of streams, and the resultant
data is utilized to compute the exergy efficiency. The
simulation employs a Robinson-type thermodynamic
equation, ensuring accurate calculations of parameters
like enthalpy, entropy, and exergy. According to
calculations, the exergy efficiency for scenario one is
determined to be 69.01%.

Inthe second scenario, recovered flare gases are injected
into the compressors of the gas condensate stabilization
unit. After recovery by the flare gas recovery system,
the gases are injected into reciprocating compressors of
the unit at 9 bar pressure. Following pressure elevation
to 70 bar, they are subsequently directed to the gas
sweetening unit of the refinery. These compressors
are reciprocating and include intermediate coolers to
maintain constant temperature conditions during the
compression process. Based on the exergy of streams,
energy input by compressors, and output energy
by coolers, the calculated exergy efficiency for this
process is 78.59%.

Conclusions
This article focuses on simulating the flare gas
recovery system within a gas refinery. Through

simulation, it has been determined that the recovery
system can capture 27,800 kilograms per hour of
flare gases at 25 degrees Celsius and 9 bar pressure.
Utilizing reciprocating compressors with a 76%
efficiency, equipped with intermediate coolers, the
system's performance is further analyzed through
exergy analysis. In scenario one, flare gases are
compressed from 9 to 70 bar pressure using two-stage
reciprocating compressors post-recovery, and then
directed to the refinery's sweetening unit. In the second
scenario, gases recovered from the flare network are
injected into the compressors of the gas condensate
stabilization unit. Following pressure elevation to 70
bar, they are subsequently directed to the refinery's
sweetening unit. Through exergy analysis of input and
output flows, considering energy input by compressors
and output energy by coolers, scenario one yields an
exergy efficiency of 69%, while scenario two achieves
78%. Based on the simulation and exergy analysis
results, it is concluded that injecting the recovered
flare gases into the compressors of the gas condensate
stabilization unit presents the optimal solution for
enhancing the efficiency of recovered gases.
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