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Abstract 

Tehran Shomal highway passes through Alborz mountains with a tunnel length of 6400 meters. 
There are two main tunnels. A full three-dimensional (3D) numerical analysis coupled with elasto-
plastic material models was conducted on the inclined access tunnel. Bending moment, axial force 
and the lining displacements due to the internal forces applied on the shotcrete lining are 
calculated. Axial force and bending moment applied on the lining have been evaluated using the 
FLAC 3D software program. The axial force versus bending moment of the lining is plotted. A 
criterion for assessing the effect of intersection on main tunnel behavior has been established, and 
investigated stability main tunnels by excavation of inclined access tunnel and a new support 
system suggested because of high-stress concentration at the junction. Raising support axial forces 
and bending moments may endanger tunnel stability during construction in the intersection of the 
inclined access and main tunnels. The results indicate that the existing thickness of the tunnel lining 
is safe and provides the appropriate load and moment bearing capacity. 
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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 II 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 H2S 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 0C). 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 II 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 designed in the research institute of petroleum industry.

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 
contaminations from gas [1]. Hydrogen sulfide and carbon dioxide are the main important impurities in 
natural gas. A gas with a H2S 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, 6, 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 0C). 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 II 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 
pressure 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 designed in the research institute of petroleum industry. 
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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.

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.

Figure 1. Schematic diagram of sweetening unit 
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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 
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SOUTH PARS GAS 
FIELD- Phase 4, 5 PROII Software ASPEN  HYSYS V 

10 

    
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 

Table 1. Simulation verification of PROII results with Aspen 10 and design case of SOUTH PARS GAS FIELD- 
Phase 4, 5 

 

Figure 2. Total cost against the rich amine temperature change 

 
 
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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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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