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Abstract: In recent years, there has been a great tendency to optimize energy consumption in the oil 

and gas industry’s upstream and downstream equipment. One of the most energy-intensive processes 

in natural gas refineries is the condensate stabilization unit (gas condensate). The main bottlenecks of 

energy consumption in the old units are condensated stabilization (dehumidification with ethylene 

glycol), heater reboiler, and air coolers (air coolers). Therefore, much attention should be paid to these 

applications and electricity and steam consumption in this unit. In this study, a simulated model based 

on the Gachsaran gas refinery’s new layout has been developed. Optimization of this part of the existing 

process is preheating the inlet flow to the reboiler by adding a two-stage shell-tube heat exchanger. This 

reduces the amount of steam needed to evaporate the inlet stream to the end of the tower. On the other 

hand, by pre-cooling the inlet currents to the air conditioners, the amount of electricity consumed to 

reach the outlet flows’ the desired temperature would be reduced. The results show an attractive return 

on investment for the remediation plan, a reduction in energy demand, and an increase in the unit’s 

productivity. 

Keywords: gas dehumidification; reboiler; air cooler; thermal integration; distillation tower; liquid-

liquid adsorption. 
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1. Introduction 

Dehumidification is one of the stages of natural gas purification. After separating oil 

from gas, some free water and natural gas are separated from the gas by simple separation 

methods at or near the wellhead. Simultaneously, the water vapor in the gas solution must be 

separated from natural gas in a complex process called desalination or dehumidification 

operation [1]. In this process, dense water vapor present on the surface is absorbed and 

collected by the desiccant. 

The common type of absorption dehumidifier is known as glycol dehumidification, 

which is the main ingredient in this process. In this process, a glycol-containing desiccant 

dehumidifier is used to absorb water vapor from the gas stream. In this type of process, two 

solutions of glycol, diethyl glycol (DEG) or triethyl glycol (TEG), are often used [2]. 

The molecular properties of glycol are very similar to water, so if it comes in contact 

with a stream of natural gas, it absorbs and collects the water’s moisture in the gas stream. The 
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heavier molecules of the glycol accumulate at the contact end to exit the dehumidifier, then the 

dry natural gas is transferred to the outside of the dehumidifier [3]. 

The glycol solution is passed through a boiler to evaporate the dissolved water and 

release the glycol for reuse in subsequent dehumidification processes. This is done using the 

physical phenomenon, i.e., the difference in the boiling point of water up to 212 degrees 

Fahrenheit (100 degrees Celsius) and glycol to 400 degrees Fahrenheit [4]. 

Ethylene glycol dehumidification units and gas condensate stabilization are some of the 

most important and, at the same time, the most widely used parts of gas refineries [5]. The 

presence of water vapor in the gas at low temperatures and high pressures can cause the 

formation of hydrates, and even the presence of hydrogen sulfide and carbon dioxide can cause 

corrosion [6]. In these units, a common method is to remove water from the gas by adsorbing 

it through the tower and contacting it with ethylene glycol, followed by partial distillation of 

the mixture [7]. In this process, triethylene glycol (TEG) and diethylene glycol (DEG) have 

been used for this purpose [8]. 

Dehumidification units generally use an adsorption distillation tower, flash tank, heat 

exchanger, and regenerator, as shown in Figure 1 [9]. The moisture-rich gas stream enters the 

three-phase separator, and the gas part is separated and exits from above, and in the next stages, 

it is mixed with the product flow. The concentrated liquid stream also separates from the bottom 

and enters the reduction process [10]. Ethylene glycol is injected into the inlet stream and enters 

the tower from above. After the vapor-free gas adsorption process, it exits the top of the tower 

to reach the desired condition, and a stream of concentrated glycol exits the bottom of the tower 

and enters the reboiler to regenerate and return to the inside of the tower [11]. The boiler heat 

load is supplied by low-pressure steam (LPS) flow [12]. 

Finally, the dry gas is compressed in the compressor, and its temperature is reduced by 

an air cooler (100), and it is ready to be transferred to the sweetening unit. Another current 

flows from the bottom of the tower to the NGL unit for recycling, which first raises the 

temperature through a pump designed to provide the desired pressure and then reaches the 

desired temperature through an air cooler (101) [13]. 

In this paper, a simulated model of the Gachsaran refinery gas dehumidification unit 

was developed based on operational and real data. Therefore, the intensity of energy 

consumption in this unit’s equipment-consuming energy is presented in Table 1 below. This 

model is also used to measure energy management after implementing the new arrangement 

[14]. 

 
Figure 1. A general overview of the natural gas dehumidification process. 
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Table 1. The intensity of energy consumption in the main equipment. 

kWh/tNG Equipment 

581.71 Reboiler 

423.20 Compressor 

041.2 Pump 

43.43 Air converter 

2. Materials and Methods 

 Modification model based on available data on equipment performance developed in 

Hysys V.7 software and simulated with customization technique in that software to obtain 

outputs similar to real and operational data. In this study, the thermodynamic model based on 

Peng-Robinson equations is used. On the other hand, heat exchangers are designed with Aspen 

Heat Exchanger Design V.7 software and are connected to simulation software. Besides 

equipment specifications based on the available designs, the operating conditions have also 

been optimized so that each piece of equipment works at its optimal point [15-20]. 

3. Results and Discussion 

3.1. Optimal configuration. 

A new configuration has been introduced in this paper as a retrofit and optimization 

strategy [21]. This new configuration, as shown in Figure 2, focuses on heat recovery from the 

dry natural gas outflow from the compressor to reduce the heat load from the boiler (reboiler) 

as well as to reduce the electrical demand of the axial fans from the air heat exchanger (air 

cooler) [22]. For this purpose, two shell and tube heat exchangers (E100 and E101) have been 

added to this unit. 

According to this configuration, the compressed gas (13) heat will be transferred from 

the compressor at 39.8 bar and 143.5°C to the downstream flow of the stripper column. 

Therefore, its temperature also drops to 80 degrees Celsius. At the output point of the heat 

exchanger (E100), the downstream discharger (17) is biphasic (liquid/steam). It then flows to 

the heat exchanger shell of the second stage (E101), which increases the temperature to about 

85 °C by transferring heat from the pump’s outlet (9) [23]. Finally, the output current from the 

second heat exchanger (18) flows to the reboiler with the same process conditions as the initial 

state, and as a result, the steam consumption of the reboiler decreases due to the increase of its 

inlet flow temperature [24]. 

 

Figure 2. An example view of a new configuration in the gas moisture absorption process. 
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Due to the heat transfer process in E100 and E101, the compressor and pump’s outlet 

temperature is reduced. As a result, the inlet currents of air coolers are reduced and the electrical 

load consumed by their motors (set to cool these currents). The physical conditions of all 

currents in the new arrangement are shown in Table 2 [25-27]: 

Table 2. Physical conditions of streams in the new arrangement. 

State 4 6 8 13 9 7 

Steam component 25.0 0.1 0.0 0.1 0.0 0.0 

Temperature [C] 18.1 27.73 97 143.48 99.93 75.76 

Pressure [kPa] 1090 1020 1066 3980 4090 1025.43 

Mass flow [kg / h] 16343.34 4334.05 11996.43 4334.05 11979.43 19519.51 

State 17 18 5 15 16 vapor 

Steam component 0.043 0.137 0.1 1.0 0.0 1.0 

Temperature [C] 81.08 84.80 97 82 85 151.84 

Pressure [kPa] 1098 1096 1066 3960 3959 500 

Mass flow [kg / h] 19519.24 19519.24 7522.60 4334.04 11979.30 983.40 

3.2. Results. 

The comparison between the existing system and new modifications in the 

dehumidification unit of the Gachsaran gas refinery is shown in Table 3. The results show that 

the new arrangement’s application can reduce the unit demand level from 137.5 kWh per ton 

of liquefied natural gas to 92.2 kWh/tNG. This saving is achieved by reducing the electric charge 

of air coolers by 53.71% and reducing the thermal load (and the need for low-pressure steam) 

in the reboiler to 40.45%. 

Table 3. Comparison between the existing system and the new design in the unit. 

New makeup Available makeup  

19.41 17.12 Dry gas production (t/h) 

526.2 883.6 Rebuiler heat load(kWh) 

95.12 98.27 Energy consumed by Air conditioner Heat exchangers(kWh) 

The initial capital cost required for these process modifications in the unit mentioned 

in Table 4 is presented. These feasibility results show that this project’s economic return is 

very attractive, and there are also opportunities to improve the unit’s efficiency. If the unit price 

of electricity is considered to be $ 0.04 per kilowatt-hour and the cost of steam production is 

estimated at $ 6.5 per ton, and taking into account the total capital costs including the two heat 

exchangers added, the internal rate of return This project is estimated at 46%. 

Table 4. Capital costs for new makeup. 

Equipment )2Size (m )3Capital cost ($ 10 

Heat exchanger E100 7.5 9.8 

Heat exchanger E101 40 16 

whole 47.5 25.8 

4. Conclusions 

 The purpose of this study was to work on a new design of the gas condensate 

stabilization unit process to achieve thermal recovery from high energy flows to the energy 

seeker in the process. In the new configuration with energy integration, 53.71% of electrical 

energy and 40.45% of thermal energy are obtained. We would also have the least impact on 

unit equipment by using a method to reduce capital and operating costs. For this purpose, the 

total initial cost, which is about $ 25.8 thousand, with the net present value (NPV) of the project 
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during the 15 years of operation of the system, estimated at $108.491, will support the 

economic feasibility of the project. 
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