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Abstract
The gas condensate is one of the most valuable products of gas refineries. In unit 700 of the Sarkhon gas refinery, first, the 
gas condensate is separated from the feed. Then, the vapor pressure of the gas condensate is stabilized by de-ethanizer and 
de-butanizer towers. The H-701 and H-702 furnaces act as reboilers of the towers. In this research, unit 700 is simulated by 
HYSYS software. The product of this unit is examined to achieve desirable conditions. In addition, the best conditions are 
obtained to reduce the gas loss in this unit. The desirable conditions are introduced according to the operational problems 
of this unit. In this study, the environmental and economic loss due to the loss of hydrocarbons from the de-butanizer tower 
is identified. Results of this research show that the best operating temperature and pressure of the first feed are 40 °C and 29 
bar, respectively. Also, the best temperature and pressure of the second feed are 20 °C and 28 bar, respectively. Also, the best 
temperature and pressure of the output stream from the S-701 as a feed of the T-701 are 34.35 °C and 22.51 bar, respectively.
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Abbreviations
E  Exchanger
GTL  Gas to Liquid
H  Heater
Liq.  Liquid
LPG  Liquefied Petroleum Gas
NGL  Natural Gas Liquid
P  Pump
PCV  Pressure Control Valve
PRSV  Peng-Robinson-Stryjek-Vera
S  Separator
Std.  Standard
T  Tank
V  Vessel
Vol.  Volume

Latin letters

a  Peng-Robinson constant 
(

Pa.m6

grmol2

)

b  Peng-Robinson constant 
(

m3

grmol

)

P  Operating pressure (Pa)
Pc  Critical pressure (Pa)
Pr  Reduced pressure
R  Gas constant ( J

grmol.K
)

T  Operating temperature
Tc  Critical temperature (K)
Tr  Reduced temperature
V  Volume ( m3

mol
)

Greek letters
�  Correction factor
�  Attraction parameter
�  Acentric factor

Introduction

Prevention of energy loss and reduction in outlet polluted 
gases from industries is a serious problem. In general, 
chemical industries are facing many operational prob-
lems in the sections of monitoring and control (Katebah 
et al. 2020). In addition, extracted natural gas from gas 
reservoirs contains a significant volume of gas condensate. 
Large amounts of gas condensate are wasted in different 
seasons of the year due to ambient temperature changes 
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(Abdul Qyyum et al. 2022). Unlike butane and propane, 
gas condensate does not need special conditions to remain 
liquid and can be converted into light oil, gasoline, jet 
fuel, etc., easily (Farahbod and Karazhian 2021a, b). The 
surveys show that the main components of gas condensate 
are methane, ethane and other light hydrocarbons (Jiang 
et al. 2019; Maasakkers et al. 2022). The gas condensate 
is converted into a gas phase and is wasted in the burner if 
operating conditions are not suitable (Barbosa et al. 2019). 
In this case, the quality of the product is reduced and stor-
age and transportation processes are disrupted. The release 
of light hydrocarbons endangers human health and the 
environment. Also, significant amounts of hydrocarbons 
with high economic value are wasted (Jokar et al. 2021; 
Farahbod and Afkhami Karaei 2021a). Therefore, gas con-
densate must be a stable single-phase liquid to achieve 
the desired conditions for storage, transfer and sale. Until 
now, research have been focused on the problems of gas 
processing, the methods of prevention of product reduc-
tion with regard to environmental aspects and energy con-
sumption (Masnadi et al. 2020). Khalili et al. conducted 
research on various types of control systems to increase 
the quality of output gas from gas condensate stabilization 
unit. (Khalili-Garakani et al. 2022). In addition, another 
research by Zhang was conducted to increase the efficiency 
of gas condensate stabilization units. The results of this 
study showed that nonlinear control systems play a more 
effective role in measuring operating conditions than other 
control systems (Zhang and Lau 2022). The emission of 
exhaust gases, especially carbon dioxide, from natural gas 
refinery flares is one of the problems that must be evalu-
ated by researchers (Yáñez et al. 2022; Farahbod 2022). 
Therefore, a study by Snytnikov has been conducted on the 
evaluation of flare networks in gas processing plants (Sny-
tnikov and Potemkin 2022). The results of modeling and 
flame heat calculation showed that the amount of carbon 
dioxide emission changes with the change in flame tem-
perature (Sarkar et al. 2022). Other scientists focused on 
the simulation of a gas condensate stabilization unit with 
the objective of minimal water vapor production (Jukić 
et al. 2022). In Jukić’s research, optimal operating con-
ditions were introduced. In another study, the sensitivity 
analysis, economic optimization and design of refrigerant 
cycles of the stabilization process were investigated. In 
Sleiti’s research, the use of a one-stage refrigeration cycle 
was introduced as the best cooling method (Sleiti et al. 
2022). In addition, in Sarkari’s work, steady-state simu-
lation of the liquid natural gas process and GTL process 
was investigated to determine mass and energy balance 
(Sarkari et al. 2022). Also, in Khalili’s study, other units 
of the stabilization process were investigated and finally, 
an optimal model was proposed for simulating the pro-
cess. Other researchers studied the amount of burning and 

emission of greenhouse gases from the flare of the gas con-
densate stabilization unit (Khalili-Garakani et al. 2021).

According to the previous research, it seems necessary to 
provide a comprehensive study that can provide the desirable 
operating conditions and best composition of input feed to 
gas condensate stabilization unit. In the present research, 
the composition of the main streams of the gas stabilization 
unit has been optimized. Also, the operating conditions of 
the unit have been optimized. In this research, the amount 
of energy reduction has been calculated and compared with 
the present conditions.

Materials and methods

Description of Sarkhon and Qeshm gas refinery

The Sarkhon and Qeshm gas refinery is a gas refinery unit 
located about 25 km from northeast of Bandar Abbas in Iran. 
This refinery works in the extraction and refining of natural 
gas, associated gas condensates and liquefied gas related to 
the Sarkhon gas field. The gas stabilization by fractionation 
method is used to separate light and volatile components 
from heavy hydrocarbons in Sarkhon and Qeshm gas refin-
ery. The stabilization unit of the Sarkhon refinery consists 
of a two-phase separator (stabilizer feed drum), a stabiliza-
tion tower (de-ethanizer tower (T-701)), and a reboiler at the 
bottom of the tower (furnace (H-701)). A stabilization tower 
of LPG consists of a gas condensate tower (de-butanizer 
tower (T-702)), a coolant at the top of the tower, a reboiler 
at the bottom of the tower (furnace (H-702)) and a set of heat 
exchangers and pumps. The feed of the de-ethanizer tower 
is purified through the separator (S-701) and outlet LPG 
from the de-butanizer tower is separated by the separator 
(S-702). The liquid separated from the main gas stream of 
unit 400 which contains gas condensate, water and glycol 
is sent to a three-phase separator (S-404). After separation, 
the output hydrocarbon as the main feed is combined with 
the separated hydrocarbons in separators S-205 and S-206 
and sent to unit 700. The towers of unit 700 are designed to 
provide the needed space and time to exchange mass and 
energy between the liquid and vapor phases. In tray tow-
ers, the trays above the feed tray act as distillers and the 
trays below the feed tray act as hydrocarbons separators. The 
temperature of the reboiler is adjusted so that the lightest 
hydrocarbon in the lower part of the tower is pentane and 
the heaviest hydrocarbon in the gas stream above the tower 
is butane. The low output stream from the tower is known as 
the product of the stabilization unit after exchanging energy 
with the input feed. The part of the steam above the tower 
that becomes liquid in the cooling section is returned to the 
tower as a recycle stream to regulate the flow temperature 
above the tower and control the purity of the flow. Residual 
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vapors after cooling are sent to the gas processing system 
as a light hydrocarbon which mainly consists of methane, 
ethane, propane and butane.

Description of unit 700 of Sarkhon and Qeshm gas 
refinery

In the Sarkhon and Qeshm refineries, hydrocarbon separa-
tion processes, dew point adjustment and gas condensate 
production are carried out. The produced gas condensate 
contains light hydrocarbons. Therefore, high pressure and 
low temperature are needed for the stability of the produced 
gas condensate. The presence of light hydrocarbons in gas 
condensate causes problems in transportation and storage 
processes. Failure to adjust the pressure in the storage tanks 
and the creation of two-phase flow in the transmission lines 
are problems that exist in the storage and transmission pro-
cesses. The light hydrocarbons should be separated from gas 
condensates to reduce the range of vapor pressure of these 
products. This process is done in the stabilization unit. Light 
hydrocarbons in gaseous liquids are mainly methane, ethane, 
propane, isobutane and butane, and the amount of butane is 
higher than other hydrocarbons.

The stabilization of gaseous liquids of Sarkhon refinery is 
done through a pressure reduction process (in one step) and a 
distillation process (in two steps). The separation of gaseous 
hydrocarbons in the stabilization unit depends on the operat-
ing conditions of the distillation process. A larger amount of 

methane and smaller amounts of ethane, propane, butane and 
non-carbon compounds such as nitrogen and carbon diox-
ide are separated in the form of gas due to the decrease in 
pressure of the expansion tank. Separation of ethane from 
gaseous liquids is done using the distillation process in the 
de-ethanizer tower. The outflow from the top of the de-eth-
anizer tower contains a significant amount of methane gas. 
Propane and butane of gas liquids are separated using the 
distillation process and recycle stream in the de-butanizer 
tower. Finally, the flow of liquefied gas as a product leaves 
from the top of the distillation tower. Figure 1 shows the gas 
condensate stabilization unit.

Research method

Simulation of unit 700 of Sarkhon refinery

The gas condensate stabilization unit (unit 700) has been 
simulated by HYSYS software (version V 12.1) to reduce 
liquefied gas loss in the Sarkhon gas refinery. The HYSYS 
software covers a wide range of oil and gas processes. This 
software can model various chemical processes in steady 
and un-steady states with high accuracy. For simulation, the 
characteristics of the streams sent to the gas–liquid stabi-
lization unit are provided. Therefore, the operating condi-
tions and composition of each of the streams are considered 
input data. In the next step, the operating conditions of the 
incoming streams to the gas condensate stabilization unit 

Fig. 1  Gas condensate stabilization unit (unit 700) [V stands for Vessel, E is for Exchanger, T is for Tank, S is for Separator, P is for Pump and H 
is for Heater]
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have been changed. The iterations of input data are done 
with the aim of maximum convergence. Finally, the obtained 
results are compared with the actual conditions of the unit.

The new operational conditions of the unit have been 
determined and simulated to minimize the liquid gas loss 
and the minimum amount of environmental pollution. Ulti-
mately, other chemical-physical properties of each stream 
have been evaluated after determination of the favorable 
operating conditions.

Description of equation of state

All of the thermodynamic equations are checked for simula-
tions of the process. The best thermodynamic model for cal-
culations and simulation of units is Peng-Robinson-Stryjek-
Vera (PRSV) model. This is a twofold modification of the 
PR equation of state that extends the application of the origi-
nal PR method for moderately non-ideal systems. It provides 
a better pure component vapor pressure prediction as well as 
a more flexible mixing rule than Peng Robinson. Expression 
1 shows the Peng-Robinson equation of state. Equations 2 
and 3 show the parameters of the Peng-Robinson formula.

Tris reduced temperature and is defined as
T

Tc
.  In addi-

tion, aandbarePeng − Robinsonconstants. The parameters of 
a and b are defined as Eqs. 4 and 5.

The intermolecular attraction parameter is modified in the 
Peng-Robinson equation of state. Finally, the Peng-Robin-
son-Stryjek-Vera (PRSV) equation of state is obtained. The 
attraction parameter is presented in Eqs. 6 and 7.

The Aspen-HYSYS provides an improved equation of 
state PRSV for rigorous treatment of hydrocarbon systems. 
This equation can be applied in semi-experimental and vapor 

(1)P =
RT

V − b
−

a�

V2 + 2bV − b2

(2)� = (1 + �(1 − T0.5

r
))2

(3)� = 0.37464 + 1.54266w − 0.26992w2

(4)a ≈ 0.45724
R2T2

c

Pc

(5)b ≈ 0.07780R
Tc

Pc

(6)� = �o + �1(1 + T0

r
.5)(0.7 − Tr)

(7)�o = 0.378893 + 1.4897153w − 0.17131848w2

pressure models for heavier hydrocarbon systems. Vapor 
correlations provide accurate predictions of vapor proper-
ties and activity coefficient models of chemical systems. So, 
this equation is used for calculations of the process in this 
study state. The PRSV uses an empirical factor, Kappa, for 
fitting pure component vapor pressures.

Advantages of PRSV equation

The advantage of the PRSV equation is that not only has 
the potential to more accurately predict the phase behavior 
of hydrocarbon systems but, it can also be used to control 
non-ideal systems with high accuracy. The only compromise 
is increased computational time and the additional interac-
tion parameter that is required for the equation. The PR and 
PRSV equations of state perform three-phase flash calcu-
lations for aqueous systems containing water, methanol or 
glycols, as well as systems containing other hydrocarbons or 
non-hydrocarbons in the second liquid phase. This equation 
can be used in a wide range of temperatures and pressures. 
This equation can be applied for one, two and three phases 
of hydrocarbon. For these reasons, the PRSV equation is 
used in this research. The used model has been modified 
by HYSYS software and is much more accurate than the 
conventional model.

Tolerance value

Measurements are always associated with a certain degree 
of uncertainty. An efficient simulation and calculation are 
required to achieve high-precision measurement in the pres-
ence of uncertainty. The statistical definition of the accu-
racy of any measurement is defined as a standard devia-
tion divided by the square root of the sample size taken for 
measurement. Accordingly, tolerance limits are statistical. 
Therefore, measurements should be repeated many times 
to achieve better accuracy. In other words, the goal of this 
research is to determine tolerance limits in case of uncer-
tainty in computer and communication systems. For this 
simulation, a convergence criterion of one thousandth has 
been considered.

Investigation of stream number 1, sent 
to the stabilization unit

Two streams called Feed 1 and Feed 2 enter the stabiliza-
tion unit. Both streams are a combination of hydrocarbons 
and gaseous liquids extracted from upstream unit 400 and 
unit 200. The characteristics and composition of Feed 1 are 
presented in Tables 1 and 2, respectively.

The operating conditions of Feed 1 and Feed 2 are pre-
sented in Tables 1 and 3, respectively. It is necessary to 
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mention that “Basis-1” is a basic environment for data entry. 
The simulation process is managed in this environment.

In addition, the characteristics and composition of Feed 
2 are presented in Tables 3 and 4, respectively. In this 
research, the operating conditions of both inlet streams 
to the stabilization unit are changed and the obtained 
results are compared with the present conditions. The 

determination of the new operating conditions is based on 
the minimum liquefied gas loss and the minimum amount 
of environmental pollution.

Evaluation of statistical analysis

In this study, the sensitivity analysis is performed to show 
the effect of operating conditions on target variables. Opti-
mal operating conditions are obtained by using sensitivity 

Table 1  Specifications of Feed 1 in present operating conditions

Stream name Feed 1

Temperature (°C) 49.17
Pressure (kPa) 2700
Molar flow (kgmole/h) 312.077
Mass flow (kg/h) 35,751.006
Std. ideal liq. vol. flow ( m3

/h) 51.109
Molar enthalpy (kJ/kgmole) −244,517.154
Molar entropy (kJ/kgmole.°C) 200.403
Heat flow (kJ/h) −76,308,240.647
Liq. vol. flow at Std. Cond. ( m3

/h) 50.166
Fluid package Basis-1

Table 2  Composition of Feed 1 
in present operating conditions

Component Mole fraction

Methane 0.096111
Ethane 0.028243
Propane 0.033757
i-Butane 0.01578
n-butane 0.030091
i-pentane 0.025978
n-pentane 0.024887
n-hexane 0.062324
n-heptane 0.097201
n-octane 0.131973
n-nonane 0.100575
n-decane 0.087859
n-c11 0.079869
n-c12 0.069285
n-c13 0.031271
n-c14 0.022288
n-c15 0.014951
n-c16 0.010558
n-c17 0.006586
n-c18 0.006154
n-c19 0.005722
n-c20 0.013702
Nitrogen 0.0015
CO

2
0.002046

Table 3  Specifications of Feed 2 in present operating conditions

Stream name Feed 2

Temperature (°C) 31.26
Pressure (kPa) 2699.217
Molar flow (kgmole/h) 177.882
Mass flow (kg/h) 12,651.598
Std. ideal liq. vol. flow ( m3

/h) 20.513
Molar enthalpy (kJ/kgmole) −171,868.977
Molar entropy (kJ/kgmole.°C) 107.636
Heat flow (kJ/h) −30,572,469.225
Liq. vol. flow at Std. Cond. ( m3

/h) 20.098
Fluid package Basis-1

Table 4  Composition of Feed 2 
in present operating conditions

Component Mole fraction

Methane 0.109328
Ethane 0.057044
Propane 0.095869
i-Butane 0.050731
n-butane 0.103241
i-pentane 0.084322
n-pentane 0.081322
n-hexane 0.144766
n-heptane 0.135392
n-octane 0.090354
n-nonane 0.030166
n-decane 0.010511
n-c11 0.003212
n-c12 0.001142
n-c13 0.000048
n-c14 0.000006
n-c15 0.000001
n-c16 0
n-c17 0
n-c18 0
n-c19 0
n-c20 0
Nitrogen 0.000846
CO

2
0.001366
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analysis. In this case, one parameter is changed and other 
parameters are kept constant during the simulation. The 
optimal value of each parameter can be obtained, finally. 
As shown in Table 5, the sensitivity of each of the vari-
ables on the response has been calculated. The p values 
and R-Squared values of the process are analyzed and vali-
dated according to the obtained results. The p values and 
R-squared values are shown in Table 5. The lowest amount 
of p values shows the highest effectiveness of the variable 
on the target function. The results with a p value lower than 
0.0001 are significant. The p values of pressure, temperature 
and the composition of feed indicate a significant contribu-
tion with a high value of confidence percent.

Table 5 shows the effect of major parameters on the main 
response of the process. The results show that the effect 
of recycle stream is less important than the operating con-
ditions and the composition of the input feed to the unit. 
Finally, the p values and R-squared values of the stabili-
zation process have been calculated. In this research, the 
operating temperature of the feed was changed between 15 
and 45 °C. In addition, the operating pressure of the feed was 
varied between 15 and 32 bar.

Results and discussion

The best operating temperature and pressure have been 
obtained using the simulation of unit 700. Table 6 com-
pares the new operating conditions with the present operat-

ing conditions.

Investigation of the composition of stabilization 
unit streams

In this section, the composition of streams of stabilization 
unit is presented in case of application of best operating 
conditions, as well as in case of continuation of the present 
conditions.

Investigation of stream number 2, output from S‑701

In this section, the composition of the output stream from 
S-701 and input to the fuel gas unit in the present and opti-
mal operating conditions is presented. Table 7 compares 
the obtained results.

Table 5  Sensitivity analysis of effective variables on the target func-
tion

Response Process parameters p Value R-Squared

Waste reduction Process  < 0.0001 0.9772
Operating temperature  < 0.0001
Operating pressure  < 0.0001
Feed composition  < 0.0001
Recycle stream  < 0.0014

Table 6  Comparison of temperature and pressure in present and 
desirable conditions

Present operating conditions Desirable operating conditions

Temperature,°C Pressure, bar Temperature,°C Pressure, bar
Feed 1: 49.7 Feed 1: 27 Feed 1: 40 Feed 1: 29
Feed 2: 31.26 Feed 2: 26.99 Feed 2: 20 Feed 2: 28

Table 7  Composition of output stream from S-701 in present and 
desirable conditions

Mole fraction of com-
ponents

Output stream from S-701

Present operating 
conditions

Desirable 
operating 
conditions

Methane 0.794583 0.821581
Ethane 0.088341 0.077702
Propane 0.045447 0.037084
i-Butane 0.010481 0.008197
n-butane 0.015688 0.012064
i-pentane 0.005909 0.004385
n-pentane 0.004484 0.003274
n-hexane 0.003345 0.002328
n-heptane 0.001529 0.001016
n-octane 0.000614 0.00039
n-nonane 0.000156 0.000095
n-decane 0.000051 0.000029
n-c11 0.000017 0.00001
n-c12 0.000007 0.000004
n-c13 0.000001 0.000001
n-c14 0 0
n-c15 0 0
n-c16 0 0
n-c17 0 0
n-c18 0 0
n-c19 0 0
n-c20 0 0
Nitrogen 0.018742 0.022774
CO

2
0.007218 0.006641



561Journal of Petroleum Exploration and Production Technology (2024) 14:555–566 

1 3

Results show that the amount of methane in the output 
stream from S-701 increases by about 3.5% if the best con-
ditions are applied. But, the number of compounds heavier 
than methane as well as carbon dioxide decreased. Table 7 
shows that only the amount of nitrogen in desirable con-
ditions is higher than present conditions. Results state 
that the application of desirable conditions can have an 
acceptable effect on the performance of the S-701. Table 7 
shows that the flash process is performed better in opti-
mal conditions. For this reason, the number of compounds 
heavier than methane decreases in the output stream from 
the S-701.

Investigation of stream number 3, input to T‑701

In this section, the composition of the input stream to the 
T-701 in the present and desirable conditions is presented.

Table 8 shows that the amount of components such as 
methane, ethane, propane and iso-butane increases if the best 
temperature and pressure are applied by an average of 8.6%. 

But, the amount of hydrocarbons heavier than isobutane 
decreases. Meanwhile, the amount of nitrogen and carbon 
dioxide in desirable conditions increases by about 26 and 
5%, respectively. The obtained results emphasize the neces-
sity of the operating conditions changing. Table 8 shows that 
the distribution coefficient of hydrocarbons in the gas phase 

Table 8  Composition of input stream to T-701 in present and desir-
able conditions

Mole fraction of 
components

Inlet stream to the T-701

Present operating 
conditions

Desirable 
operating 
conditions

Methane 0.078361 0.088093
Ethane 0.037086 0.038013
Propane 0.05666 0.058
i-Butane 0.029054 0.038836
n-butane 0.05798 0.057454
i-pentane 0.048501 0.047932
n-pentane 0.046705 0.046136
n-hexane 0.095145 0.093876
n-heptane 0.114627 0.11305
n-octane 0.120642 0.118962
n-nonane 0.077446 0.076363
n-decane 0.061719 0.060854
n-c11 0.053729 0.052976
n-c12 0.045993 0.045348
n-c13 0.020584 0.020295
n-c14 0.01466 0.014454
n-c15 0.009833 0.009695
n-c16 0.006943 0.006846
n-c17 0.004331 0.004271
n-c18 0.004047 0.003991
n-c19 0.003763 0.00371
n-c20 0.009011 0.008885
Nitrogen 0.000695 0.00088
CO

2
0.001623 0.001713
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Fig. 2  Composition of input stream to T-701

Table 9  Composition of output stream from T-701 in present and 
desirable conditions

Mole fraction of 
components

Exit stream from T-701 as input feed to 
the fuel gas unit

Present operating 
conditions

Desirable 
operating 
conditions

Methane 0.587383 0.619577
Ethane 0.277985 0.267249
Propane 0.058505 0.049124
i-Butane 0.012984 0.010551
n-butane 0.019394 0.015509
i-pentane 0.007294 0.005626
n-pentane 0.005553 0.004216
n-hexane 0.004181 0.003023
n-heptane 0.001933 0.001333
n-octane 0.000786 0.000517
n-nonane 0.000203 0.000127
n-decane 0.000066 0.00004
n-c11 0.000023 0.000013
n-c12 0.000009 0.000005
n-c13 0.000001 0.000001
n-c14 0 0
n-c15 0 0
n-c16 0 0
n-c17 0 0
n-c18 0 0
n-c19 0 0
n-c20 0 0
Nitrogen 0.005206 0.006188
CO

2
0.012165 0.012049
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and liquid phase of the S-701 is improved in optimal condi-
tions. For this reason, more light hydrocarbons are removed 
from this separator. Figure 2 shows the composition of the 
input stream to the T-701. Figure 2 shows that amount of 

light compounds in this flow increases by about 12% in the 
presence of favorable operating conditions.

Present conditions

Desirable conditions0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

methane
ethane

propane
i-butane

Mole fraction

Major component's

Present conditions

Desirable conditions

Fig. 3  Composition of output stream from T-701

Table 10  Composition of input stream to T-702 in present and desir-
able conditions

Mole fraction of 
components

Inlet flow to the (T-702) as de-butanizer 
tower

Present operating 
conditions

Desirable 
operating 
conditions

Methane 0 0
Ethane 0.000001 0.000017
Propane 0.056376 0.057911
i-Butane 0.031528 0.031867
n-butane 0.06392 0.064407
i-pentane 0.054845 0.054945
n-pentane 0.053041 0.053084
n-hexane 0.109148 0.108935
n-heptane 0.131976 0.131567
n-octane 0.139093 0.138594
n-nonane 0.089337 0.088999
n-decane 0.07121 0.070934
n-c11 0.061997 0.061754
n-c12 0.053072 0.052864
n-c13 0.023752 0.023659
n-c14 0.016916 0.01685
n-c15 0.011346 0.011302
n-c16 0.008012 0.007981
n-c17 0.004998 0.004979
n-c18 0.004671 0.004652
n-c19 0.004343 0.004325
n-c20 0.010398 0.010357
Nitrogen 0 0
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Fig. 4  Composition of input stream to T-702

Table 11  Composition of output stream from bottom of the T-702 for 
production of NGL

Mole fraction of 
components

Outlet flow from bottom of the T-702 
as de-butanizer tower for production of 
stabilized NGL

Present operating 
conditions

Desirable 
opera ting 
conditions

Methane 0 0
Ethane 0 0
Propane 0.000008 0.000008
i-Butane 0.00018 0.000186
n-butane 0.001181 0.00122
i-pentane 0.061176 0.06141
n-pentane 0.062522 0.062748
n-hexane 0.129 0.129113
n-heptane 0.15598 0.155937
n-octane 0.164391 0.164266
n-nonane 0.105586 0.105484
n-decane 0.084162 0.084073
n-c11 0.073273 0.073193
n-c12 0.062725 0.062656
n-c13 0.028072 0.028041
n-c14 0.019993 0.019971
n-c15 0.01341 0.013395
n-c16 0.00947 0.009459
n-c17 0.005907 0.005901
n-c18 0.00552 0.005514
n-c19 0.005132 0.005127
n-c20 0.01229 0.012276
Nitrogen 0 0
CO

2
0 0
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Investigation of the exit stream from the top of the T‑701

In this section, the composition of the output stream from de-
ethanizer tower in both present and favorable conditions is 

presented. Table 9 provides a comparison between the com-
position of this stream in present and desirable conditions.

Table 9 shows that the amount of methane in the exit 
stream from de-ethanizer tower increases by about 5.7. 
Table 9 shows that other hydrocarbons and carbon dioxide in 
the outlet stream from the de-ethanizer tower have a decreas-
ing trend. Meanwhile, the amount of nitrogen in the outlet 
stream from the de-ethanizer tower in desirable conditions is 
about 15.3% higher than the present conditions. The results 
of Table 9 show that the flow profile in T-701 is developed 
in optimal operating conditions and the mass transfer coef-
ficient increases. Finally, the mass flux increases. Therefore, 
less heavy hydrocarbons leave T-701. In this case, more 
ethane is separated. Figure 3 shows that if there are optimal 
operating conditions, the amount of methane is about 5.2% 
more than the present operating conditions. This is while the 
amount of ethane, propane and butane decreases by 13% in 
optimal operating conditions.

Investigation of stream number 4, input to T‑702

In this section, the composition of the input stream to the 
de-butanizer tower is presented. As can be seen, Table 10 
provides a comparison between the composition of the inlet 
stream to the de-butanizer tower in present and desirable 
conditions.

Table 10 shows that the amount of ethane, propane, 
isobutane, normal butane, isopentane and normal pentane 
increases by about 18.9% if the present conditions change 
to desirable conditions. As shown in Table 10, the amount 
of methane in both conditions is zero. Table 10 shows that 
the number of hydrocarbons heavier than normal pentane 
in desirable conditions is less than the present conditions. 
In addition, results show that the amount of nitrogen and 
carbon dioxide in both cases is zero. Table 10 shows that 
the tower trays are closer to the equilibrium state and the 

Present conditions

Desirable conditions

0.06

0.0605

0.061

0.0615

0.062

0.0625

0.063

i-pentane
n-pentane

Mole fraction

Major component's

Present conditions

Desirable conditions

Fig. 5  Composition of output stream from bottom of the T-702

Table 12  Composition of output stream from S-702 for production of 
LPG in present and desirable operating conditions

Mole fraction of 
components

Output stream from S-702 for LPG 
production

Present operating 
conditions

Desirable 
operating 
conditions

Methane 0 0
Ethane 0.000005 0.000109
Propane 0.366295 0.390507
i-Butane 0.203884 0.244002
n-butane 0.408868 0.415531
i-pentane 0.020073 0.020037
n-pentane 0.00091 0.000909
n-hexane 0 0
n-heptane 0 0
n-octane 0 0
n-nonane 0 0
n-decane 0 0
n-c11 0 0
n-c12 0 0
n-c13 0 0
n-c14 0 0
n-c15 0 0
n-c16 0 0
n-c17 0 0
n-c18 0 0
n-c19 0 0
n-c20 0 0
Nitrogen 0 0
CO
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efficiency of the tower increases in optimal operating con-
ditions. Finally, a lighter feed enters the T-701 in the new 
conditions. Figure 4 shows that the amount of methane and 
ethane in both operating conditions is almost insignificant. 
But the amount of propane and butane in optimal operating 
conditions is about 2.1% more than the current operating 
conditions.

Investigation of stream number 6, output from T‑702

In this section, the composition of the output stream from 
the bottom of the T-702 in present and desirable operating 
conditions is investigated. Table 11 shows the composition 
of this stream in present and favorable conditions. Stream 
number 6 is sent to the gas NGL production unit.

Table 11 shows that there is no methane and ethane in 
this stream. Also, the amount of propane remains constant 
in both cases. However, the amount of iso-butane, normal 
butane, iso-pentane, normal pentane and normal hexane 
increases by about 3% in desirable conditions. But, com-
pounds heavier than normal hexane are reduced by about 
2% in desirable conditions. The results presented in Table 11 
show the better performance of the trays in optimal condi-
tions. In other words, the mass transfer operation and the de-
butanization process have been carried out better in optimal 
conditions. Figure 5 shows that the amount of iso-pentane 
and normal pentane in optimal operating conditions is about 
27% more than current operating conditions. Figure 5 shows 
that the amount of iso-pentane and normal pentane in opti-
mal operating conditions is about 27% more than current 
operating conditions.

Table 13  Energy consumption 
of major equipment’s of 
stabilization unit in present and 
desirable conditions

Major equipment’s Amount of energy consumed in present 
operating conditions (kW)

Amount of energy consumed in 
desirable operating conditions 
(kW)

T-701 1.204E007 1.202E007
T-702 1.56965 1.5322
H-701 2.03624E007 2.03224E007
H-702 1.12340E007 1.12040E007
Total 4.3636402 E007 4.3546401E007
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Fig. 7  Energy consumption of major equipment’s of stabilization unit

Table 14  Comparison of 
operating conditions of the 
main streams of the unit 700 in 
present and desirable conditions

Present operating conditions Desirable operating conditions

Temperature,oC Pressure, bar Temperature,oC Pressure, bar

Feed 1: 49.7 Feed 1: 27 Feed 1: 40 Feed 1: 29
Feed 2: 31.26 Feed 2: 26.99 Feed 2: 20 Feed 2: 28
Outlet from S-701: 43.73 Outlet from S-701: 21.50 Outlet from S-701: 34.35 Outlet from S-701: 22.51
Inlet to T-701: 43.73 Inlet to T-701: 21.50 Inlet to T-701: 34.35 Inlet to T-701: 22.51
Outlet from T-701: 47.01 Outlet from T-701: 17.6 Outlet from T-701: 38.59 Outlet from T-701: 17.6
Inlet to T-702: 198.9 Inlet to T-702: 12 Inlet to T-702: 198 Inlet to T-702: 12
T-702, NGL unit: 60.53 T-702, NGL unit: 2.5 T-702, NGL unit: 60.53 T-702, NGL unit: 2.5
S-702, LPG unit: 55.9 S-702, LPG unit: 16.7 S-702, LPG unit: 55.65 S-702, LPG unit: 16.7
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Investigation of the through stream from PCV 714, output 
from S‑702

In this section, the composition of the output stream from 
S-702 with the aim of production of LPG in present and 
desirable operating conditions is presented.

Table 12 shows that the output stream from S-702 is free 
of methane and the number of components such as ethane, 
propane, isobutane and normal butane in desirable condi-
tions is higher than the present conditions. However, the out-
put stream from this separator in both cases is free of heavy 
hydrocarbons, nitrogen and carbon dioxide. The obtained 
results confirm the need to change the present operating con-
ditions. Table 12 shows that the phase changing and vola-
tility of hydrocarbons with average molecular weight are 
improved in optimal operating conditions, slightly. There-
fore, the amount of ethane, propane, isobutane, and normal 
butane in the output stream from S-702 increases in optimal 
operating conditions, slightly. Figure 6 shows the amount of 
propane and iso-butane in optimal operating conditions and 
current operating conditions. The simulation results show 
that the amount of propane and iso-butane in optimal condi-
tions is about 7.2% higher than the current conditions.

Investigation of energy consumption of stabilization unit

Providing energy for gas condensate stabilization units and 
liquefied gas production requires high costs. Therefore, the 
reduction in energy consumption in this unit is one of the 
most important factors that can save costs. In this section, 
energy consumption can be evaluated after the reduction 
in gas loss and increasing the quality of LPG. In other 
words, the composition of the produced LPG becomes 
favorable with the improvement of the operating condi-
tions. Finally, the amount of wastage decreases. Table 13 
provides a comparison between the energy consumption 
of the major equipment of this unit in present and desir-
able conditions.

Table 13 states that the energy required for stabilization 
unit equipment is reduced significantly in favorable condi-
tions. Therefore, the operating costs of this unit are reduced, 
significantly. Table 13 shows that the energy consumption 
decreases by about 0.21% if the stabilization unit operates 
in desirable conditions. Table 13 shows that the amount of 
energy consumed by the main equipment of the process 
decreases if the stabilization process works in optimal con-
ditions. Figure 7 shows that in the presence of optimal con-
ditions, the energy consumption of the equipment decreases. 
As a result, the amount of total energy is reduced by about 
0.5%.

Introduction of desirable conditions of the stabilization 
unit

Table 14 shows the values of temperature and pressure of the 
main streams of the stabilization unit in present and favora-
ble conditions.

Conclusions

(1) The best composition of the input stream to de-
butanizer tower is presented in this research.
(2) The desirable composition of input/output streams 
and the best composition of streams are presented in 
this work.
(3) The energy consumption of the basic equipment of 
the stabilization unit and the amount of natural gas and 
liquefied gas loss in desirable conditions are presented 
in this research.
(4) This study shows that the best temperature and 
pressure of the second input feed to the stabilization 
unit are 20 °C and 28 bar, respectively.
(5) Simulation results show that the appropriate oper-
ating temperature and pressure for the NGL and LPG 
units are equal to 60.53 °C and 2.5 bar, as well as 
55.65 °C and 16.7 bar, respectively.
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