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Abstract 

The sour gases coming from gas reservoir or oil refinery units contain acidic non-hydrocarbon com-
ponents, such as hydrogen sulfide and carbon dioxide which can increase the problems caused by 

corrosion, hydrate formation, SO2 emission and environmental pollution in the oil and gas refineries to 
reduce the amounts of CO2 and H2S below the technical and environmental standards. Amine process 

is considered as the most common process in the oil and gas refineries. Performing a reliable simulation 

of the regenerator column is a key point for improving the design and optimization of amine sweetening 
units. In this paper, the regenerator column of an industrial Amine sweetening unit is simulated by 

ProMax software. Then, the accuracy of the results is checked by industrial data , and a new method is 

presented to calibrate the simulation. The achieved results reveal the capability of this method for 
accurate simulation of the amine sweetening units. 
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1. Introduction  

Natural gas is considered as the most important and attractive fossil fuel in terms of lower 

emission compared to the other fossil fuels and ease of use. However, the sour gas coming 
from the well usually contains some non-hydrocarbon components, such as hydrogen sulfide 
and carbon dioxide which can arise several problems, e.g. corrosion, hydrate formation, and 
environmental pollution [1-2]. Moreover, the sour gases in the oil refineries usually contain 
considerable amounts of hydrogen sulfide which burning such gas as fuel will increase the 

emission of SO2 to the atmosphere and rise environmental problems. Therefore, the gas treat-
ment for removing impurities, such as CO2 and H2S, is one of the main parts of gas and oil refineries 
[3]. The concentration of H2S and CO2 in the natural gas stream must be kept below 4 ppm 
and 2 mol%, respectively [4-5]. There are several processes to remove acid gases from sour 
gases, for instance, solid bed process, and chemical solvent process. Among them, Amine 

process is considered as the most common process in the oil and gas refineries. Alkanamines 
such as monoethanolamine (MEA) and diethanolamine (DEA) and methyl-diethanolamine 
(MDEA) possess a high affinity to chemically absorb acid gases [6]. 

In a conventional amine sweetening unit, firstly CO2 and H2S of sour gas coming from the 
gas reservoir or oil refinery units are absorbed by amine solution in the absorber column (see 
Figure 1). The rich amine leaves the bottom of the absorber column and sent to the flash drum 

to release trapped hydrocarbons in lower pressure. Then, the rich amine after passing through 
the lean/rich heat exchanger enters the regenerator column in which the absorbed CO2 and 
H2S gases are released and leave the top of the regenerator column. The lean amine leaves 
the bottom of the regenerator column and then cooled in the lean/rich heat exchanger and 
Amine cooler and pumped and recycled to the top of the absorber column. The sweet gas 

leaves the top of the absorber column and sent to downstream units for more treatment if 
needed [7]. 
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Figure 1. Schematic diagram of a typical amine sweetening unit 

Since as described above, the absorber and regenerator columns are the most important 

equipment in the amine sweetening unit, the simulation, and modeling of amine absorp-
tion/desorption columns for natural gas sweetening process have been studied for decades 
[8]. As a result, two main methods, i.e., equilibrium and mass transfer, are developed to sim-
ulate the amine sweetening columns which identified by their accuracy and fast calculations, 
respectively [9]. These models are applied in the commercial simulation software such as As-

pen, ProMax, etc. and used for design and optimization of the amine units. However, the 
results achieved from the commercial software usually include some deviations from actual 
data and need to be tuned and calibrated [10-15]. In the next section, a regenerator column of 
a typical Amine sweetening unit is simulated by ProMax software, and the accuracy of the 
results is checked by industrial data.  Then, the achieved results are corrected by means of a 

new approach for calibration of the amine regenerator column. 

2. Regenerator column simulation and calibration 

In order to investigate the ability of the ProMax software for simulation of the regenerator 
column, a typical regenerator column in an industrial amine sweetening unit is considered. 
The specifications of the rich amine, which is considered as the regenerator column feed, are 
given in table 1. Moreover, Table 1 shows the specifications of acid gas leaves the top of the 

column, and lean amine leaves the bottom of the column. The considered regenerator column 
has 23 valve trays, and the duty of reboiler is equal to 22.12 MW. By means of this duty, the 
amounts of residual CO2 and H2S in the lean Amine are decreased to 0.01 mole% (188.6 
mg/L) and 0.03 mole% (141.6 mg/L), respectively. 

Table 1. Specifications of the input and output streams of regenerator column 

 Rich amine Acid gas Lean amine 

Temperature, C 377 328 406 

Pressure, kPa 340 210 260 

Molar flow, kmole/h 11 000 471 10 529 
Composition    

CO2 2.34 54.49 0.01 

H2S 1.63 37.42 0.03 
H2O 85.27 7.63 88.74 

MDEA 10.74 0.00 11.22 

CH4 0.02 0.47 0.00 

The simulation of the amine regenerator column has been performed by ProMax software 
developed by BR&E company, which is a proper software for simulation of the Amine sweet-

ening units [16]. In the simulation of a separation column, a solution is reached when all equa-
tions used to describe the steady state condition of that column, i.e., MESH equations, are 
solved and converged. These equations involve [17]: Material balance equations; Equilibrium 
equations; Summation equations; Heat balance equations. 

786



Petroleum and Coal 

                         Pet Coal (2019); 61(4): 785-791 
ISSN 1337-7027 an open access journal 

The rigorous computational methods presented to solve these equations can be divided 
into four major groups: 
1. The bubble-point methods (BP) 3. The 2N Newton methods 
2. The sum-rates methods (SR) 4. The global Newton or simultaneous correction 

(SC) methods 

Further classifications include: 
5. Inside-out methods 7. Homotopy-continuation methods 
6. Relaxation methods 8. Non-equilibrium models 

Among them, items 5, 6, and 7 are modified forms of the first four methods in order to 
solve difficult systems. The non-equilibrium models are rate-based methods that instead of 

efficiencies, applying mass transfer correlations [17].  
In the BP methods, the stage temperatures are found directly from solving the bubble-point 

equation. While, in the SR methods, the energy balances are used to adjust the stage tem-
peratures. In the 2N Newton's methods, the temperatures and total flow rates are solved with 
each other, but compositions are calculated separately. Contrary to these three methods, in 
the SC method, the MESH equations and variables are solved simultaneously. Ishii and Otto 

method is considered as SC methods and has been used by ProMax software to solve the 
tower equations [17]. 

There are two general approaches for design and simulation of separation columns [15-19], 
(1) Applying overall efficiency to convert the theoretical stage numbers to real required tray 
numbers. The following relation can be considered:  

𝑇𝑒𝑜𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑆𝑡𝑎𝑔𝑒 𝑁𝑢𝑚𝑏𝑒𝑟𝑠 = 𝑂𝑣𝑒𝑟𝑎𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 × 𝑅𝑒𝑎𝑙 𝑇𝑟𝑎𝑦 𝑁𝑢𝑚𝑏𝑒𝑟𝑠  (1) 

(2) Using real required tray numbers and applying component efficiencies for each tray. The 
Murphree efficiency of the tray j is defined as below: 

𝐸𝑖 =
𝑦𝑖 ,𝑗−𝑦𝑖,𝑗−1

𝑦𝑖,𝑗
∗ −𝑦𝑖,𝑗−1

                      (2) 

wherein, yi,j is the mole fraction of component i in the vapor leaving the tray j. The star sign 
indicates the equilibrium condition.  

Some commercial softwares such as Aspen-Hysys suppose component efficiencies for CO2 

and H2S, while the others such as ProMax suppose component efficiencies equal to 100% and 
suggest using overall efficiency for simulation of separation columns. The conventional overall 
efficiency for Amine regenerator column is supposed to be equal to 50 percent [15-17].  

Since this study is performed using the ProMax software, the simulation of the considered 
Amine regenerator column is performed firstly by considering an overall efficiency equal to 50 

percent for this column. Therefore, the number of theoretical stages set equal to 12 (23×0.5 
 12). “TSWEET Alternate Stripper” model is used as a distillation calculation procedure which 
does not take column hydraulic into consideration. The degree of freedom for running the 
regenerator column is equal to 2. As mentioned above, by setting the condenser temperature 
equal to 50C and reboiler duty equal to 22.12 MW, the simulation can be executed. The 

achieved results presented in Table 2 shows that there is not a significant error in the predicted 
values for compositions of CO2 and H2S in the acid gas stream. On the other hand, the calcu-
lated values of the residual CO2 and H2S in the lean Amine have considerable errors.  

Table 2. The composition of acid gas and lean amine streams in the first simulation 

Stream  CO2 H2S 

Acid gas composition, 

%mol 

Actual 54.04 37.51 

Simulation 54.49 37.42 

Error % 0.52 0.66 

Lean amine composi-

tion (mg/L) 

Actual 183.96 143.61 

Simulation 111.28 326.07 

Error % 39.51 127.05 

Since the amounts of residual CO2 and H2S in the lean amine can affect on the performance 

of the amine absorbers, a good prediction of them will be an important factor in the simulation 
of amine sweetening units [20]. Therefore, in the next step, a mixed approach is used by applying 
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both mentioned efficiencies, i.e., overall efficiency together with component tray efficiency. 
According to the information presented in Table 2, the predicted value for the residual CO2 
gas in the lean amine is less than its actual value (111.28 compared to 183.96). Conversely, 
the predicted value for the residual H2S gas in the lean amine is more than its actual value 
(326.07 compared to 143.61). More release of H2S from amine solution and therefore, a de-

crease of the residual H2S in the lean amine stream can be expected by increasing the effi-
ciency of CO2 in the regenerator column. For this purpose, a case study is performed in which 
the influence of decreasing the CO2 efficiency on the concentration of the CO2 and H2S in the 
acid gas and lean amine streams leaving the regenerator column was studied. The results of 
this case study are summarized in Table 3. Moreover, the changes in residual H2S and CO2 in 

the lean amine vs. CO2 efficiency is presented in Figure 2. As is shown in this figure, the 
decrease of the CO2 efficiency decreases the residual H2S and increases residual CO2, simul-
taneously. In accordance with the information presented in Table 3, when the efficiency of 
CO2 is equal to 70%, the amount of residual H2S reaches to 144.07 mg/L which is near to its 
actual value, i.e., 143.61 mg/L. 

Table 3. The influence of decreasing the CO2 efficiency on the concentration of the CO2 and H2S 

Efficiency (%) Acid gas (mol %) Lean amine (mg/L) 

CO2 H2S CO2 H2S CO2 H2S 

100 100 54.49 37.42 111.28 326.07 

85 100 54.32 37.58 194.12 233.35 
70 100 54.14 37.77 318.22 144.07 

55 100 53.94 37.96 487.73 71.34 

40 100 53.75 38.15 704.02 26.35 

 

 

Figure 2. The changes of residual H2S and CO2 

in the lean amine vs. CO2 efficiency 

The results of the second simulation in 
which the CO2 efficiency is supposed to be 

equal to 70%, are presented in Table 4. As in-
dicated in this table, the absolute error of CO2 
composition in the acid gas stream is de-
creased from 0.52% in the first simulation to 
0.12% in the second simulation. Furthermore, 

the error of H2S is decreased from 0.66% to 
0.26%. On the other hand, although the abso-
lute error of H2S composition in the lean amine 
stream is decreased considerably from 127% 
in the first simulation to 0.32% in the second 

simulation, the difference between calculated 
and actual values of residual CO2 in the  

lean amine stream is increased in the second simulation rather than the first run. This increase 

is due to the assumption of an efficiency lower than 100% for CO2 in the regenerator column, 
which causes less CO2 to be released. 

Table 4. The composition of acid gas and lean amine streams in the second simulation 

Stream  CO2 H2S 

Acid gas composition, 
%mol 

Actual 54.04 37.51 

Simulation 54.14 37.77 
Error % 0.12 0.26 

Lean amine composi-
tion (mg/L) 

Actual 183.96 143.61 

Simulation 318.22 144.07 
Error % 72.98 0.32 

By increasing the number of stages in the regenerator column, disengaging of the CO2 will 

be enhanced. Therefore, the effect of changing tray numbers or overall efficiency on residual 
CO2 in the lean Amine is investigated in the next step of this work. The results of this case 
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study are presented in table 5. Moreover, the changes of residual H2S and CO2 in the lean 
amine vs. tray numbers (overall efficiency) has been shown in Figure 3.  

Figure 3 reveals that desorption of H2S occurs mostly thermodynamically and has not af-
fected by adding the number of trays. On the other hand, desorption of CO2 occurs kinetically 
and is increased by adding the number of trays in the regenerator column (the residual CO2 is 

decreased by increasing the number of trays). According to the information presented in table 
5, when regenerator column has 16 trays in the simulation (i.e., overall efficiency is equal to 
16/23  70%), the amount of residual CO2 reaches to 180.04 mg/L which is near to its actual 
value, i.e., 183.96 mg/L. 

Table 5. The influence of changes in overall efficiency on the concentration of the CO 2 and H2S 

Overall effi-

ciency 

Equilibrium 

tray No 
Acid gas (mol%) Lean amine (mg/L) 

  CO2 H2S CO2 H2S 

43 10 54.09 37.81 420.42 160.84 
52 12 54.14 37.77 318.22 144.07 

61 14 45.19 37.72 239.25 140.69 

70 16 54.22 37.68 180.04 141.36 
78 18 54.25 37.65 136.32 142.79 

 

 

Figure 3. The changes of residual H2S and CO2 in 

the lean amine vs. tray numbers 

The results of the third simulation in which 
both of the CO2 efficiency and overall effi-
ciency are supposed to be equal to 70%, are 

presented in table 6. As indicated in this ta-
ble, the absolute errors of CO2 and H2S com-
position in the acid gas stream have more 
improvement in the third simulation rather 
than the second one. The absolute error of 
CO2 composition in the lean amine stream is 

decreased from 39% in the first simulation 
and 73% in the second simulation to 2% in 
the third simulation which is in good agree-
ment with industrial data can be considered 
as a satisfactory result. Although the error 

of calculated H2S has a bit increase in the third simulation rather than the second simulation, 
since the total errors of the simulation are significantly decreased, it can be ignored. 

Table 6. The composition of acid gas and lean amine streams in the third simulation 

Stream  CO2 H2S 

Acid gas composition, 
%mol 

Actual 54.04 37.51 

Simulation 54.22 04 
Error % 0.03 0.26 

Lean amine composi-
tion (mg/L) 

Actual 183.96 143.61 

Simulation 180.04 141.36 
Error % 2.13 1.56 

3. Conclusions 

Amine process is considered as a common process in the oil and gas refineries to reduce 

the amounts of the acid gases from natural and fuel gases to overcome operational as well as 
environmental problems. Performing a reliable simulation of the regenerator column is a key 
point for improving the design and optimization of Amine sweetening units. Therefore, an 
industrial regenerator column was considered and simulated by ProMax software. Checking 
the simulation results with industrial data shows significant errors in the residual CO2 and H2S 

of lean Amine stream. A new approach was presented to adjust and calibrate the achieved 
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results by means of applying overall efficiency and component efficiency concepts simultane-
ously. By considering the overall efficiency of the regenerator column equal to 70% and also, 
component efficiency of CO2 equal to 70%, the total error of simulation was minimized, and 
the satisfactory results were achieved. 
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