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1-Butene 0.00 - < L
i-Butene 0.00 - TR
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Parameters MDEA MDEA MDEA
Feed Flow Rate [MMSCFD] 487 487 487
Solvent Circulation Rate [kmol/hr] 10705 10680 11350
Rich Loading 0.37 0.37 0.37

Lean Loading 0.002 0.002 0.002

Feed CO2 Content [ppm] 18270 18270 18270
Feed H2S Content [ppm] 6900 6900 6900
Sweet Gas CO2 Content [ppm] 10000 10000 10000
Sweet Gas H2S Content [ppm] 3 ppm 3 ppm 3 ppm
Reboiler Duty [Mega WATT] 22.8 224 241
Acid gas condenser kW 88.3 84.1 98.3
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Acid Gas Loading 10% 20% 28% 40% 50%
T(C) Vapor Fraction | Vapor Fraction | Vapor Fraction | VaporFraction | Vapor fraction
70 0 0 0 0 0
80 0 0 0 0 0
95 0 0 0 3.15E-04 9.51E-03
100 0 0 0 6.99E-03 0.0167
105 0 0 1.47E-04 0.0146 0.0252
110 0 0 7.72E-03 0.0241 0.036
115 0 2.97E-03 0.0178 0.0372 0.0513
120 0 0.0146 0.0335 0.0583 0.0766
125 0 0.0372 0.065 0.1018 0.1291
130 0.032 0.1099 0.1639 0.2334 0.2835
135 0.3206 0.4214 0.4785 0.543 0.5849
140 0.6052 0.6502 0.6792 0.7143 0.7382
145 0.7168 0.7462 0.7657 0.79 0.8069
150 0.7751 0.7977 0.8129 0.8321 0.8455
155 0.8116 0.8305 0.8434 0.8596 0.871
160 0.8376 0.8542 0.8655 0.8799 0.89
170 0.875 0.889 0.8986 0.9108 0.9194
180 0.9056 0.9182 0.9269 0.9379 0.9458
190 0.9368 0.9487 0.9569 0.9673 0.9748
200 0.9737 0.9852 0.9932 1 1
210 1 1 1 1 1
gl golaidl 2b 5,18 Jguer
g:fggﬁ:‘gr T(C) 100 90 80 110 105 115 120
Type AFC AFC AFC AFC AFC AFC AFC AFC
Duty MW 0.46 0.3 0.2 1.03 0.64 1.45 1.88
Hot Inlet Temp °C 101 94.8 89 111.8 105.5 115.7 118.4
Hot Outlet Temp °C 60 60 60 60 60 60 60
Air Inlet °C 43 43 43 43 43 43 43
Air Outlet °C 53 53 53 53 53 53 53
Est-U W/m?®. C 300 300 300 300 300 300 300
MTD °C 26.82 24.81 22.68 30.33 28.34 31.53 32.35
Finned Area m’ 57 40 31 113 75 153 194
Elec. kW 9 6 4 21 13 29 38
Unit Price US $/ m’ 12 11 10 13 13 14 14
Cost US$ 686 443 309 1472 979 2,146 2,712
4
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Rich/Lean HE T(°C) 80 90 100 105 110 115 120
Cold Inlet Temp °’C 58 58 58 58 58 58 58
Cold Outlet Temp °C 80 90 100 105 110 115 120
Hot Inlet Temp °C 132.7 132.7 132.7 132.7 132.7 132.7 132.7
Hot Outlet Temp C 101.50 | 101.56 90.93 85.52 80.22 74.85 69.33

MTD °C 38 35 26 22 18 14 10
Est-U W/m?. C 100 100 100 100 100 100 100
Heat Exchanger Area m? 55 87 175 290 573 1,049 1,958
Unit Price Us$/m’ 233 198 158 133 113 161 508
Cost USS$ 12,830 | 17,191 | 27,611 | 38642 | 64,845 | 168,543 | 993,847
gy @olaidl 2L,V Jguer
Reboiler T(C) 80 90 100 110 105 115 120
Duty MW 5.69 5.00 4.28 3.99 4.02 3.98 3.98
Hot Inlet Temp °C 150 150 150 150 150 150 150
Hot Outlet Temp °C 150 150 150 150 150 150 150
Cold Inlet Temp °C 132.1 132.1 132.2 132.2 132.2 132.2 132.2
Cold Outlet Temp °C 132.7 132.7 132.7 132.7 132.7 136.7 136.7
MTD °C 14 14 14 14 14 12 12
Est-U W/m’. C 500 500 500 500 500 500 500
Heat Exchanger Area m’ 808.3 710.3 609.7 568.4 572.7 644.4 644.4
Unit Price US $/ m’ 125 117 113 113 113 114 114
Cost US$ 100,806 | 83,111 | 69,114 | 64,303 | 64,780 | 73,538 | 73,538
1FAA Sle o) osled pole 0599 4.
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Abstract: The sweetening process with amine is widely used to remove acidic gases. However, this
process requirement is cooling and heating energies. In addition, the reduction of energy requirements is
limited by optimizing operational parameters. Therefore, changing the process parameters can lead to a
significant reduction in energy consumption, resulting in lower operating costs. In this study, parameters
such as the amine temperature in the entrance of the regeneration tower, the condenser heat load, the
reboiler heat exchanger and the heat load of the rich/lean amine gas sweetening unit were investigated and
the optimum temperature value to reduce operating costs and increase profitability achieved. Simulation
analysis was performed using PRO Il software. The comparison between the main process and the optimized
process showed that the optimal temperature selection of the rich amine to the recovery tower has the ability
to reduce operating costs to over $ 97704 per year, while also leading to the highest recovery of hydrogen
sulfide.

Keywords: Gas sweetening, Optimization, Operating cost, Optimum temperature.

INTRODUCTION

Natural gas is a main source of energy that is widely used as a domestic and industrial fuel. In order
to use natural gas appropriately and environmentally friendly, it is very important to remove all the
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contaminations from gas [1]. Hydrogen sulfide and carbon dioxide are the main important impurities in
natural gas. A gas with a H,S content of more than 4 ppm is considered to be a sour gas and it should be
removed before using because of corrosion, hazardous and environmental problems [2]. The main method
used to remove acid gases is sweetening with alkanoamines, which is capable of separating more than 50%
of acid gases [3]. Because this type of sweetening process consumes a huge amount of energy during the
regeneration process [4], optimizing the process parameters of the regeneration column can be result in
significant economic benefits for existing sweetening units. In the present article, the rule of thumb of the
entry temperature of the regeneration column was studied. By changing the feed temperature to the column,
the optimization of the sweetening unit has been made to reduce operational and investment costs.

METHODS

For this study, the PRO II v9.3 software simulator is used to simulate the sweetening unit which has
been used repeatedly in the design of industrial units [5-7]. After selecting the software, the simulation
of the sweetening unit was performed by the MDEA solvent at different temperatures of the regeneration
column (the range of 80 to 120 °C). The lean amine quality was kept constant and its effect on the reboiler,
condenser heat load and the amine output temperature from the lean/rich heat exchanger were investigated.
In addition, special attention has been paid to the amount of steam consumed in the rich amine reboiler, as
well as the composition of produced gases in the vapor phase.

FINDINGS AND ARGUMENT

A process diagram for an amine sweetening unit is illustrated with the PRO Il commercial simulation
software in Fig. 1. The rich amine after heating up to 100 ° C with a mass flow of 82023 kg/h and with pres-
sure of 1.5 bar is routed to the second tray of regeneration column. Regeneration column has 20 trays. After
removing acid gas from rich amine in the regenerator, the lean amine is sent back to absorption column for
sweetening of entering gas. It should be noted that the data source used for this study come from one of the
oil refineries designod in the research institute of petroleum industry.

Sour Gas

Condenser
Reflux Drum
Sweet gas (><)

E8

A 4
A

= Rich Amine

Lean Amine
Absorber Stripper

Inlet gas Steam
—>

Reboiler

Cross Heat Exchanger
E

Figure 1. Schematic diagram of sweetening unit
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For simulation verification based on South Pars phases, using the PROII software and ASPEN software,
version 10 is shown in Table 1. As it is known, the amount of circulation rate of amine, the heat load of the
reboiler and the air cooler in the simulation mode of PROII are closer to the actual results of the working

phases.

Table 1. Simulation verification of PROII results with Aspen 10 and design case of SOUTH PARS GAS FIELD-

Phase 4, 5
SOUTHPARSGAS | oy goyare | ASPEN HYSYSV
Parameters MDEA MDEA MDEA
Feed Flow Rate [MMSCFD] 487 487 487
Solvent Circulation Rate [kmol/hr] 10705 10680 11350
Rich Loading 0.37 0.37 0.37
Lean Loading 0.002 0.002 0.002
Feed CO2 Content [ppm] 18270 18270 18270
Feed H2S Content [ppm] 6900 6900 6900
Sweet Gas CO2 Content [ppm] 10000 10000 10000
Sweet Gas H2S Content [ppm] 3 ppm 3 ppm 3 ppm
Reboiler Duty [Mega WATT] 22.8 22.4 24.1
Acid gas condenser kW 88.3 84.1 98.3

In order to observe the effect of rich amine temperature change effect, an economic comparison was
made on the main heat transfer and amine transfer equipment with a loading of 28%. The calculations were
performed on the basis of the JCG procedure for a temperature range of 80 ° C to 120 ° C.

Figure 2 shows the trend of changing overall costs versus changes in rich amine temperature. this figure
confirms that the temperature of 100 °C is an optimal temperature for the regeneration column of the amine

unit.
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Figure 2. Total cost against the rich amine temperature change
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CONCLUSIONS

In this study, due to the importance of the gas sweetening unit for the removal of contaminants such as
carbon dioxide and hydrogen sulphide, the effect of the rich amine temperature entering to the regeneration
column on the total energy consumption has been investigated. The heat load of reboiler, the condenser, and
the heat transfer rate of the lean/rich amine heat exchanger were studied and the temperature of 100°C was
obtained as an optimal temperature to reduce operating costs and lead to the highest amount of hydrogen
sulphide recovery. At this temperature, the total cost of the main heat transfer equipment is minimized.
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