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ABSTRACT  

 

In this paper, simulation of NGL train consisting of four distillation columns has been 

performed by using Aspen-Hysys. The main objective of this research is studying the 

different factors that enhance the separation process efficiency such as changing the number 

of trays, reflux ratio and the feed tray location. Simulation results showed that the design of 

distillation column with 40 trays is the proper design for this study giving the optimum results 

and reduces the capital cost. The results also showed that number of trays has an important 

role in the separation process efficiency where the lowest heat duties and the highest 

composition for top products were obtained at the highest number of trays. 
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INTRODUCTION 

 

Natural gas is a vital component of the world's supply of energy and one of the cleanest, 

safest, and most useful of all energy sources. Raw natural gas contains valuable heavier 

hydrocarbons called natural gas liquids (NGL) which are used for petrochemical feed stocks 

and a major source of elemental sulfur, an important industrial chemical. [1] 
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The recovery of NG liquids (NGLs) has become increasingly economically attractive because 

a number of its components are often isolated and sold separately. Consequently, numerous 

methods exist to increase NGL recovery from a feed gas, with potential enhancements 

involving integrated processes. [2,3] They are mainly composed of propane, butanes and 

sometimes ethane. In a typical natural gas processing plant, various components of NGLs are 

separated one by one from the natural gas stream applying a series of fractionation columns 

namely demethanizer, deethanizer, depropanizer and debutanizer. [4]Many studies have 

examined different techniques for the separation of natural gas liquids (NGL) and  the 

different processes for natural gas dehydration. Ahmed Rafiq[5] performed a study to 

investigate the production of LPG by fractionation of different NGL’s. Different processes for 

LPG production and recovery from natural gas are discussed. The simulation of distillation 

columns has done by using Aspen-Hysys software. The results showed that using debutanizer 

before depropanizer enhances the system and become more economical and made separation 

easy at next stage. Experimental study for ethane recovery has been performed using different 

methods such as turbo-expander, absorption, adsorption and external refrigeration. The 

different methods have been discussed and compared to show the most appropriate one for the 

deep ethane recovery as done by other authors [6-7]. Another study was done by Jibril et al 

[8] for the production of NGLs from natural gas using HYPROTECH’s HYSYS Process 

(HHP) simulation software. Tomlinson, et al [8] performed a study for the recovery of LPG or 

NGL from a gaseous hydrocarbon feed by partially condensing the feed in heat exchanger at 

super atmospheric pressure. Different methods were used to improve the efficiency of the 

recovery of natural gas liquids (NGL) from a gas feed and to enhance the economic 

performance of the process [9-13]. Khan et al. [14] described the separation and recovery of 

substantially all the propane and heavier hydrocarbon components in a hydrocarbon gaseous 

feed stream.  

Different natural gases compositions were tested for different turbo-expander process 

configurations. It was found that GLSP (Gas-Liquid Sub cooled) configuration have the 

highest overall average C2 recovery while GSP (Gas- Sub cooled) exhibited the highest C2 

recovery for medium C2+ composition. H.Binous and A.Bellagi [15] presented several case 

studies for the separation of various hydrocarbon mixtures using different techniques such as 
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classical column train and enhanced distillation (extractive and reactive) using the computer 

algebra Mathematica solver and simulation results were compared to those obtained using the 

flow-sheeting software Aspen-HYSYS. F.binci, et al. [25] developed a technical and 

economic study to compare between traditional glycol absorption plants and an innovative 

system using polymer membranes. The results showed that the membrane system is more cost 

effective for low feed gas flow rates and more friendly environmental. P. Gandhidasan [26] 

performed a design analysis study for dehydration of one million standard cubic meter of 

natural gas per day using a liquid desiccant, triethylene glycol (TEG) in bubble cap tray 

towers. This topic has been presented by many researches [28-32]. From the previous review, 

it is denoted that no studies that investigate numerically the effect of changing all feed 

parameters hence, the present study examines numerical solutions for each distillation column 

through varying the number of trays and changing the operating conditions of the inlet feed 

gas (pressure, temperature and flow rate) as well as the effect of the reflux ratio and the feed 

tray location were examined to show the effect on the composition of the top product and 

showing the effect of condenser and reboiler heat duties. 

 

Model Description 

 

The present study has been performed for the simulation of NGL train shown below in figure 

(1) for the same operating conditions of the previous study (15) furthermore analyzing the 

parameters that affect the separation process efficiency and obtaining numerical solutions for 

each distillation column.Raw NGL is to be separated in almost pure ethane, i-butane, n-

butane, and a mixture composed of propane and the rest of the dissolved ethane. The bottom 

product of the last fractionation unit is natural gasoline (C5+). The process consists of four 

distillation columns (Deethanizer, Depropanizer, Debutanizer and Deisobutanizer) operating 

at decreasing pressures: 26 bars, 17 bars, 10 bars and 7 bars, respectively. All distillation 

columns considered below have 40 equilibrium stages and for all cases, the feed is entering at 

stage 20 counting from the top. 
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Figure 1: HYSYS PFD of the NGL separation train 

 

 

 

Model Validation 

 

 

As shown below in figures(2) and (3), a comparison has been  investigated between the 

simulation results obtained by the present study and the numerical solution of H.Binous and 

A.Bellagi [6]. The comparison showed a good agreement between the two solutions with 

maximum error of 3.2 %. 
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Figure 2: Steady-state composition profiles for the Deethanizer 

 

Figures (2) show the composition distribution of each component on trays inside the 

deethanizer column. As shown in figure, the 20
th

 tray is considered as transformation point for 

the composition profile because the feed is entering the distillation column through this tray. 

The feed tray divided the column into two sections, the light hydrocarbons are concentrated at 

the top section (rectifier) and the heavy hydrocarbons are concentrated at the bottom section 

(stripper) so, the light hydrocarbon (C2) will exist with high composition at the top section of 

the column (from tray 1 to 20) and the heavy hydrocarbons (C3+) will exist with high 

composition at the bottom section (from tray 21 to 40). The feed tray position usually selected 

near the middle of distillation column to provide enough space for both the top section 

(rectifier) and the bottom section (stripper) to occur heat transfer between liquid and vapour 

so, the highest composition for the top product (ethane) has obtained at the 20th tray which 

located at the middle of the column. 
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Results and Discussion 

 

 

Increasing number of trays has significant effect on composition and heat duties for each 

distillation column. The mole fraction of ethane in the deethanizer (DC2), propane in the 

depropanizer (DC3) and butane in the debutanizer (DC4) are increased by 2%, 4.5% and 21% 

respectively but the heat duty has decreased in each distillation column by 1.5%, 1.7% and 

29%. 

As shown above in table (1), from (40 to70) trays no change has happened for heat duty and 

the component mole fraction. It has been concluded that selection of the distillation column 

with 40 trays is the most proper one for this study because it gives optimum results and 

reduces the capital expenditures. 

 

No. 

Trays 

Qnet-DC2 

(KW) 

C2% Qnet-DC3 

(KW) 

C3% Qnet-DC4 

(KW) 

i-C4% 

10 767 0.9621 1352 0.8117 1676 0.2453 

20 756 0.9842 1331 0.8475 1196 0.3132 

30 752 0.9845 1330 0.8490 1189 0.3135 

40 750 0.9850 1329 0.8501 1187 0.3138 

50 750 0.9850 1329 0.8501 1187 0.3138 

60 750 0.9850 1329 0.8503 1187 0.3138 

 

 

CONCLUSION  

 

 

In this study, simulation of NGL train through different distillation columns has been 

performed by using Aspen-Hysys software. Different parameters that enhance the separation 
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process efficiency such as changing the number of trays, reflux ratio and feed tray location 

were analyzed. Natural gases of wide range compositions were tested for each distillation 

column to show the impact of changing the feed composition on the condenser and reboiler 

heat duties. the results showed that changing number of trays has an important role in the 

separation process efficiency where the lowest heat duties and the highest composition for top 

products were obtained at the highest number of trays. Increasing number of trays from 10 to 

40 improved the mole fraction of ethane in the deethanizer (DC2), propane in the 

depropanizer (DC3) and butane in the debutanizer (DC4) by 2%, 4.5% and 21% respectively 

and the heat duty has decreased in each distillation column by 1.5%, 1.7% and 29% 

respectively. The selection of deisobutanizer column with 90 trays makes no change in butane 

composition but, it can save energy up to 57%. 

 

REFERENCE 

 

[1] A.J. Kidnay, W.R. Parrish. Fundamentals of Natural Gas Processing, 1st edn, Taylor and 

Francis, Boca Raton, 2006; pp. 1–23. 

[2] D. Elliot, W.R. Qualls, S. Huang, J.J. (Roger) Chen. In Proceedings of AIChE Spring 

National Meeting, 5th topical conference on Natural Gas Utilization (TI) Session 16c-

Gas, 2005. 

[3] J. Mak. U.S. Patent 7,051,552, 2006. 

[4]  A. Ahmadi, O. Dehghani, M. Heravi, M.R. Rahimpour, Performance improvement and 

efficiency enhancement of a debutanizer column (a case study in South Pars gas field), 

Journal of Natural Gas Science and Engineering, Journal of Natural Gas Science and 

Engineering 22 (2015) 49-61 

[5] Ahmad Rafiq, Fractionation of Natural Gas Liquids to produce LPG, Thesis, Department 

of Petroleum Engineering and Applied Geophysics, Norwegian University of Science and 

Technology, 2011 

[6] H. Najibi, H. Darabi, and M. J. Kamali, A Feasibility Study of the Technologies for Deep 

Ethane Recovery from the Gases Produced in One of the Iran Southern Fields, Iranian 

Journal of Oil & Gas Science and Technology, Vol. 1 (2012). 

[7] ArashEsmaeili, OmidGhabouli, Steady State Simulation and Experimental Study of an 

Ethane Recovery Unit in an Iranian Natural Gas Refinery, World Academy of Science, 

Engineering and Technology 51, 2011. 

[8] K.L. Jibril, A.I. Al-Humaizi, A.A. Idriss and A.A. Ibrahi, Simulation of  Turbo-Expander 

Process For Recovering of Natural Gas Liquids From Natural Gas, Oil and gas Saudi 

Journal of Technology,2005.  

[9] Terence R. Tomlinson, Stockport, Donald R. Cummings, Burradoo Nr. Bowral, Separation 

Of Hydrocarbon Mixtures, Petrocarbon Developments Limited, Manchester, United 

Kingdom, Sep.14, 1984 



International Journal of Advanced Scientific and Technical Research                    Issue 5 volume 7, Nov. –Dec. 2015  

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

©2015 RS Publication, rspublicationhouse@gmail.com Page 161 
 

[10] MesfinGetu, ShuhaimiMahadzir, Nguyen Van Duc Long, Moonyong Lee, Techno-

economic analysis of potential natural gas liquid (NGL) recovery processes under 

variations of feed compositions, chemical engineering research and design,  2013. 

[11] Jame Yao, Jung Juh Chen and Douglas G. Elliot, Enhanced NGL Recovery Processes, 

IPSI LLC, Houston, Tex, Dec.8, 1997. 

[12] D. B. MANLEY, Thermodynamically Efficient Distillation NGL Fractionation, 

Department of Chemical Engineering, University of Missouri – Rolla, USA. 

[13] ShuaibA.Khan, James Haliburton, PROCESS FOR LPG RECOVERY, Exxon Production 

Research Co., Houston, Tex. (1983). 

[14] Dan Gillies, Lee Oar and Scott Parry, Propane/Propylene Recovery at the Husky 

Lloydminster Upgrader, Eclipse consulting, 2008. 

 [15] HousamBinous and Ahmed Bellagi, Simulation of the separation of industrially 

important hydrocarbon mixtures by different distillation techniques using mathematic, In: 

Advances in Systems Engineering Research, Nova Science Publishers, 2013 

[16] F.Binci, F.E. Ciarapica, G.Giacchetta, Natural Gas Dehydration In Offshore Rigs: 

Comparison Between Traditional Glycol Plants and Innovative Membrane Systems, 

Department of Energetics, Faculty of Engineering, University of Ancona via 

BrecceBianche, 60131, Ancona, Italy. 

[17] P. Gandhidasan, Parametric Analysis of Natural Gas Dehydration by a Triethylene Glycol 

Solution, Energy Sources, Volume 25, 189–201- Issue 3, 2003 

[18] U. P. Igboanusi and A. C. Opara, The Advancement from Thermodynamic Inhibitors to 

Kinetic Inhibitors and Anti-Agglomerants in Natural Gas Flow Assurance, International 

Journal of Chemical and Environmental Engineering, April 2011, Volume 2, No.2 

[19] Faizan Ahmad, K.K. Lau, A.M. Shariff, GhulamMurshid, Process simulation and optimal 

design of membrane separation system for CO2 capture from natural gas, Computers and 

Chemical Engineering 36 (2012) 119 – 128, El Sevier, Malaysia. 

[20] MohdFirdaus Bin Che Ismail, Enhancement Of Carbon Dioxide (CO2) Removal Process 

In Liquified Natural Gas (LNG) Production System, Universiti Malaysia Pahang, April 

2010. 

[21] SalakoAbiodun Ebenezer, Removal Of Carbon Dioxide From Natural Gas For LNG 

Production, Institute of Petroleum Technology Norwegian University of Science and 

Technology, Trondheim, December 2005. 

[22] Bilal S., Mohammed Dabo I.A., Mujahid A. U., Kasim S., Nuhu M., Mohammed A., 

Abubakar H. M., Yahaya U. B., Habib A., Abubakar B., Aminu Y.Z., Simulation of 

Hydrodesulphurization (HDS) Unit of Kaduna Refining and Petrochemical Company 

Limited, Chemical and Process Engineering Research, ISSN 2224-7467 (Paper), Vol.13, 

2013. 

[23] Fahad A. Al-Khaldi, Saif D. Al-Qahtani, Basel F. Abu-Sharkh, Improved Design For 

The Haradh Gas Plant Energy System, Saudi Aramco Journal of Technology Fall 2004. 

 

 

 

http://www.tandfonline.com/loi/ueso19?open=25#vol_25
http://www.tandfonline.com/toc/ueso19/25/3

