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Abstract

The condensate stabilization unit is one of the most important operational Received: 7 July 2024
units in gas processes. In this unit, the raw condensate is stabilized Accepted: 17 March 2025
through a distillation system. This research has investigated the energy, Page Number: 8-21

exergy and economic costs by simulating and analyzing the process. In
this study, the effect of parameters such as feed flow rate and temperature
on energy and exergy performance has been evaluated. The process
simulation has been performed using Span Hysys software and the
Peng-Robinson equation of state. In order to optimize, the feed
preheating method has been used instead of air cooling in the lower part
of the column, which has reduced the exergy destruction by 57.91 kW.
Also, a heat exchanger has transferred heat by 333.2 kW between the hot
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and cold streams. The results show that the total process energy K_eZ_WOIrdS'
consumption has decreased from 1502.98 kW to 1003.94 kW and the Slaelese) )
Energy Analysis,

exergy efficiency of the stabilization column has increased from 66.11%
to 88.21%. In the optimized structure, the total irreversibility of the
system has decreased from 257.4 kW to 165.83 kW. This reduction is
equivalent to 103.4 kW of exergy destruction of the stabilization tower,
which has led to energy storage and improved quality of its consumption.

Thermal Integration,
Exergy, Irreversibility,
Simulation,

Thermal Recovery
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Table 1. Published Articles on the Equation of State of the
Condensate Stabilization Process.

Equation of

Reference Process

State
(Moghaddam et al., Stabilization of gas .
P Rob

2012) [7] condensate eng Robinson
(Tahuni et al., 2014) Condensate .
A Peng Rob

[11] stabilization eng Robinson

(Uwitonze et al., Stabilization of gas

Peng Robinson

2017) [12] condensate
. Crude oil .
(Al-Ali, 2021) [2] stabilization Peng Robinson
(El-Eishy et al., Condensate .
P R
2019) [4] stabilization eng Robinson
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Figure 1. Simulation Diagram of the Gas Condensate Stabilization Process (Current Process).
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Table 2. Required Process Information and Equipment Specifications.

Equipment

Specifications

Includes 20 tray stages, tower top pressure 1091 kPa, reboiler pressure 1121 kPa, feed pressure and

i
Stabilizer tower temperature 1091 kPa and 18.1°C, feed flow rate 3.301 kmol/h

Top of tower separator Operating pressure and temperature are 1091 kPa and 27.5 °C, respectively, inlet flow rate is 127.5 kmol/h.

Bottom oump column Adiabatic efficiency 75%, inlet and outlet pressures 1121 kPa and 4090 kPa, inlet and outlet temperatures
pump 97.2 and 100.1 °C, inlet flow rate 173.8 kmol/h
Top of tower steam

Adiabatic efficiency 75%, inlet and outlet pressures 1091 kPa and 3980 kPa, inlet flow rate 127.5 kmol/h
compressor

Inlet and outlet temperatures are 112.2 and 67 degrees Celsius, inlet and outlet pressures are 3980 and 3860
kPa, and fluid flow rate is 127.5 kmol/h.

Air cooler at the top of the
tower

Inlet and outlet temperatures are 100.21 and 62 degrees Celsius, inlet and outlet pressures are 4090 and 4020

Bottom air cooler tower  \ n. i fluid flow rate is 173.8 kmol/h.

\
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Figure 2. Simulation Diagram of the Gas Condensate Stabilization Process (Optimized Process).
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Figure 3. Effect of Feed Flow Rate on the Reboiler Heat Load.
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Figure 4. Effect of Feed Flow Rate on Compressor Energy Consumption.
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Table 3. Thermodynamic Results of the Stabilization Unit in the Current Process. -3 3
Parameter Unit Amount \3 3
- =)
Reboiler energy consumption KW 874 = 9
9 I
Energy consumption of air cooler at the top of the tower KW 118.4 _3\ aj,
Energy consumption of bottom-tower air cooler KW 337.5 :\ ’T
v <
Pump energy consumption KW 25.28 o\
Compressor energy consumption KW 147.8 \1
I . 2N
Stabilization column exergy destruction KW 1455 \o
2
Top tower air cooler exergy destruction KW 23.17 Q
Bottom tower air cooler exergy destruction KW 54.88 ._‘)
Pump exergy destruction KW 4.7 }
Compressor exergy destruction KW 29.15 \3
Total energy consumption KW 1502.98 :
. o }
Total exergy destruction KW 257.4 :)
fizat i \
Stabilization tower exergy efficiency % 67.11 =\
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Figure 11. Comparison of Equipment Irreversibility Shares (Current Process).
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Table 4. Thermodynamic Results of the Stabilization Unit in the Optimized Process.

Parameter Amount
Reboiler energy consumption KW 616.9
Energy consumption of air cooler at the top of the tower KW 194.5
Energy consumption of bottom-tower air cooler KW 0
Pump energy consumption KW 24.54
Compressor energy consumption KW 168
Heat transfer in preheating heat exchanger KW 333.2
Stabilization column exergy destruction KW 421
Top tower air cooler exergy destruction KW 37.37
Bottom tower air cooler exergy destruction KW 0
Pump exergy destruction KW 5.47
Exergy destruction of preheating heat exchanger KW 48.68
Compressor exergy destruction KW 32.21
Total energy consumption KW 1003.94
Total exergy destruction KW 165.83
Stabilization tower exergy efficiency % 88.21
3%
M pump
0
29% M compressor
Mcolumn
23% Mtop AC
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Figure 12. Comparison of Equipment Irreversibility Shares (Optimized Process).
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Table 5. Estimation of Total Equipment Cost.

Equipment Name

Cost in dollars

Current process cost ($)

Pump 99800 98600

Compressor 954300 969300
Stabilization Column 303200 280600

Top Separator 90700 90700

Top Air Cooler 78400 76000

Bottom Air Cooler 90800 0

Heat Exchanger = 73400

Second Liquid Return Separator = 98100
Total 1617200 1686700

Optimized process cost ($)
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: ?9 Table 6.Results of Energy Supply Cost Estimation.
.3 . Utility service type Current process cost ($) Optimized process cost ($)
\3 3;‘ Power 175375.2 201480
1_' i%s) Steam 2393232 168892.8
-'_-';\ | Total 414698.4 370372.8
A ¢ (§ S dale o A 38 (2adS i V Jgua
\?) <I Table 7. Results of Capital Investment Cost Estimation.
o\ Title Optimized process cost ($) Current process cost ($)
(" 1-Fixed Cost of Investment (FCI)
\’i A- Direct Costs (DC)
N A-1- On-Site Costs (ONSC)
?\ Purchased Equipment Cost (PEC) 1617200 1686700
X Equipment Installation 1455480 1518030
Q Plumbing 1132040 1180690
2% Instruments and Controls 646880 674680
_3. Electrical Equipment 242580 253005
5 A-2- Off-Site Costs (OFSC)
= Land 161720 168670
Y Civil, Construction and Architectural Works 1455480 1518030
-§: Service Facilities 1617200 1686700
S Total Direct Costs (OFSC) + (ONSC) = (DC) 8328580 8686505
,) B. Indirect Costs (IC)
\\_,) B-1- Engineering and Supervision 1212900 1265025
N B-2- Construction Costs 1249287 1302976
] B-3- Contingencies 615547 385200
Total Indirect Costs (IC) 3077734 2953201
Total Fixed Cost Fixed Investment 11406314 11639706
2- Other Costs
Start-up Costs 1368758 1396765
Working Capital 2281263 2327941
Allowance for Funds Used During Construction 1710947 1745956
Total Capital Investment (FCI) = (TCI) + (Other Costs) 16767282 17110368
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Table 8. Economic Evaluation Results.

Economic evaluation Optimized process cost ($) Current process cost ($)
Direct costs (USD) 8328580 8686505
Indirect costs (USD) 3077734 2953201
Fixed investment cost (USD) 11406314 11639706
Total investment cost (USD) 16767282 17110368
Energy supply cost (USD/year) 414698.4 370372.8
Total annual cost (USD) 6003792.4 6073828.8
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