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ABSTRACT  
 
    Due to the recent major global events, the importance of Natural Gas has increased dramatically. 
One of the most challenges that face treating Raw Natural Gas is the presence of acid gases 
especially Hydrogen Sulfide, which is a very toxic gas. This paper discusses how to treat sour gases 
with high content of acid gases that exceed 12% in the Eastern Desert using different types of 
Amines. The study aims the utilization these gases instead of transmitting them to flare as in the 
current situation with no benefit besides the huge environmental pollution. Simulation using 
HYSYS software has been done for different types of amines like Monoethanolamine, 
Diethanolamine, and Methyl Diethanolamine to reach an acceptable limit of hydrogen sulfide with 
the lowest cost in each case. The economic evaluation of the results from the simulations showed 
that MDEA sweetening unit would be economically attractive with a high-expected outcome in 
addition to the expected positive environmental impact of the study. 
.   
  
1. INTRODUCTION 

 
   Natural gas is a complex mixture of different chains of hydrocarbons. The composition of 

raw gas is probably differing from one gas to another. In most cases, it contains a large quantity 
of methane besides heavier hydrocarbons like ethane, propane, butane, etc. [1] 
Natural Gas may contain non-hydrocarbons such as nitrogen, water, and acid gases. Acid gases 
in raw gases like carbon dioxide (CO2) and hydrogen sulfide (H2S) should be treated, 
as Hydrogen sulfide is a highly corrosive and dangerous substance, while the major problems of 
carbon dioxide are lowering the heating value of natural gas and freezing at very low 
temperatures.[2] 
For the above reasons, the sweetening process is very vital in gas processing in order to meet 
the specification of sales gas.  The techniques of gas sweetening processes are very wide and 
can vary according to many variables, but the main methods are shown in table (1) and can be 
classified into one of the four categories listed below [3,4,9] 
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Table 1: Main methods of Acid gas Removal 

 
1. Solvent Absorption. Absorbers are widely used to remove acid gases that have sulfur 

compounds present and in similar systems, where a chemical reaction or simple solubility 
properties can remove undesired compounds in a vapor stream and transfer it to the absorption 
material. 

 
2. Solid Adsorption: the use of adsorption has been greatly improved in recent years due to the 

continuous development of adsorbents. Adsorption is a process that occurs when a gas or liquid 
solute accumulates on the surface of a solid (adsorbent). This separation process uses high 
surface area solids that selectively retain the components to be separated.[5] 

 
3. Permeation through a membrane is a technique that depends on the principle of selective 

permeation of one or more components in the gaseous phase. A pressure differential across the 
membrane is maintained under certain conditions that allow at least one of the gases in the 
feed gas mixture, which is the acid gas in the sweetening process, to selectively permeate 
through the membrane from the high-pressure side of the membrane to the low-pressure side 
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4. Direct Conversion depends on the oxidation process to convert hydrogen sulfide to elemental 
sulfur 

 
The most common sweetening method is chemical absorption using an aqueous solution of a 
weak base. This diluted weak solution reacts chemically with the acid gases in the untreated gas 
stream. [5] 
Among the many available solvents for removing acid gases from natural gas streams, 
alkanolamines are the most accepted and widely used. Amines are chemical compounds formed 
by substituting an organic group for one or more hydrogen atoms in ammonia (NH3). Depending 
on the number of hydrogen atoms replaced, the resulting amine can be Primary, Secondary, or 
Tertiary as shown in figure 1. 
 

              

Figure 1.Types of Amines 
 
Primary Amines have two hydrogen atoms bound to a nitrogen atom, and the general formula 
RNH2, where R is the organic group. Monoethanol amine is the common form of primary amine. 
MEA has the advantage of cost and a relatively low density. Also, the amine reacts with CO2 at the 
lowest pressures.  The main problem of primary amine is the high vapor pressure which results in 
high vaporization losses. Another problem of MEA is when primary amines react with Carbonyl 
Sulfide (COS) or Carbon Disulfide (CS2), irreversible reaction products are formed which leads to 
even more losses.[6,7] 
 
Secondary Amines have one hydrogen atom bound to a nitrogen atom, and two organic groups. 
Diethanolamine (DEA), a common secondary amine, is less basic and reactive than MEA. 
Compared with MEA, it has a lower vapor pressure resulting in lower evaporation losses; it can 
operate at higher acid gas loadings typically 0.35 to 0.7-mole acid gas/mole of amine. Another 
advantage of DEA is the formation of regenerable compounds with COS and CS2 which, thus, can 
be used for their partial removal without considerable losses. [6] 
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Tertiary Amines consist of one nitrogen atom connected to three organic groups. MDEA is a 
common tertiary amine used to sweeten natural gas streams. MDEA has a significant advantage 
over other amine types in that it can selectively extract H2S in the presence of CO2. 
H2S concentrations can be reduced to those required by pipelines, while, approximately 40-60% of 
the CO2 flows untreated through the contactor. In most cases, Amine Solution strengths range from 
40% to 50% MDEA by weight. Acid gas loading can range from 0.2 to 0.5 moles of acid gas per 
mole of MDEA. Higher allowable MDEA concentration and acid gas loading result in reduced 
circulation flow rates, which allows significant savings as a result of the reduced pump, cooler, and 
regeneration requirements.[8] 
 
Whether the type of amine is used, the main process is still the same, as it consists of two basic 
steps: Absorbing and Stripping. The Absorbing Process took place in an absorber where the 
downflowing amine solution absorbs acid gases from the upflowing untreated gas to produce a 
sweetened gas stream. the Stripping Process depends on raising the temperature of the amine 
solution to reverse the chemical reactions formed in the previous stage and regenerate the amine 
that is recycled for reuse in the absorber, a process flow diagram of an amine sweetening process is 
shown in figure 2.[9] 
 
This paper outlines a proposal for the utilization of the flared associated gases from Ras Gharib oil 
fields. The purpose of this study is to perform an economic study summarizing the profitability, 
revenues, and economics along with the expected environmental impact of treating and processing 
about 15 MMSCFD of the very sour gases produced in the Eastern Desert. The proposal suggests 
using a sweetening unit with Amines to produce sweet gas and hydrogen sulfide, sweet gas can be 
considered as sales gas and hydrogen sulfide can be further processed to produce Elemental Sulfur. 
This research also presents a comparison between three types of Amine solutions which are 
MonoethanolAmine, Diethanol Amine, and Methyl Diethanol Amine to select the optimum amine 
solution among them. 

 
           Figure 2. Process Flow Diagram of an Amine Sweetening Process 
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2. Methodology / Simulation study  
 

This study discusses the utilization of 15 MMSCFD of the raw gases produced from El-
Hamd, Gharib, and Fanar in the Eastern Desert by using a proposed amine sweetening unit. The 
analysis of each field was measured separately by gas chromatograph, the analyses were shown 
in tables (2, 3, and 4). 

 

Table 2: Fanar field composition 
Component Mol.% Wt.% 

Methane 
47.138 24.854 

 
Ethane 13.831 13.669 

 
Propane 11.307 16.386 

 
i-Butane 

 
1.753 

 
3.349 

 
n-Butane 

 
4.591 

 
8.77 

 
i-Pentane 1.502 3.561 

 
n-Pentane 1.519 3.601 

 
Hexanes 1.439 4.074 

 
Benzene 0.004 0.011 

 
Heptanes 0.408 1.343 

 
Toluene 0.006 0.018 

 
Octane 0.163 0.613 

 
Ethyl-Benzene 0.002 0.006 

 
p, m, o - xylene 0.005 0.011 

 
Nonanes 0.036 0.153 

 
Nitrogen 

 
0.397 

 
0.366 

 
Carbon dioxide 

 
4.297 

 
6.215 

 
Hydrogen 

sulfide 
11.602 12.994 

 
Total 100 100 
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Table 3: Gharib field composition 
 

Component 
 

Mol.% 
 

Wt.% 
 

Methane 
 

50.305 
 

28.775 
 

Ethane 
 

16.194 
 

17.363 
 

Propane 
 

11.541 
 

18.146 
 

i-Butane 
 

1.511 
 

3.131 
 

n-Butane 
 

3.359 
 

6.961 
 

i-Pentane 
 

0.871 
 

2.241 
 

n-Pentane 
 

0.711 
 

1.829 
 

Hexanes 
 

0.561 
 

1.724 
 

Benzene 
 

0.006 
 

0.017 
 

Heptanes 
 

0.131 
 

0.468 
 

Toluene 
 

0.013 
 

0.043 
 

Octane 
 

0.054 
 

0.22 
 

Ethyl-Benzene 
 

0.004 
 

0.015 
 

p, m, o - xylene 
 

0.009 
 

0.019 
 

Nonanes 
 

0.015 
 

0.069 
 

Nitrogen 
 

0.332 
 

0.332 
 

Carbon dioxide 
 

3.258 
 

5.113 
 

Hydrogen 
sulfide 

 
11.125 

 
13.519 

 
Total 

 
100 

 
100 
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Table 4: El- Hamd field composition 
 

Component 
 

Mol.% 
 

Wt.% 

 
Methane 

61.371 37.541 

Ethane 10.476 12.012 

Propane 9.157 15.397 

i-Butane 1.225 2.714 

n-Butane 3.338 7.398 

i-Pentane 0.973 2.678 

n-Pentane 1.019 2.804 

Hexanes 0.837 2.752 

Benzene 0.006 0.018 

Heptanes 0.217 0.828 

Toluene 0.007 0.025 

Octane 0.074 0.321 

Ethyl-Benzene 0.001 0.006 

p, m, o-xylene 0.005 0.015 

Nonanes 0.015 0.076 

Nitrogen 0.307 0.328 

Carbon dioxide 2.173 3.647 

Hydrogen sulfide 8.799 11.434 

Total 100 100 

 
 
The mixed feed of the three fields was also analyzed by the same gas chromatograph, the 
analysis was illustrated in table 5. 
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Table 5: The combined feed stream composition 

Component Mol.% 

Methane 51.97 

Ethane 13.52 

Propane 10.86 

i-Butane 1.49 

n-Butane 3.97 

i-Pentane 1.35 

n-Pentane 1.31 

Hexanes 0.93 

Benzene 0.01 

Heptanes 0.75 

Toluene 0.00 

Octane 0.00 

Ethyl-Benzene 0.00 

p,m-xylene 0.00 

o-xylene 0.00 

Nonanes 0.00 

Nitrogen 0.34 

Carbon dioxide 1.24 

Hydrogen sulfide 10.45 

Water vapor 1.81 

Total 100.00 
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The operating conditions of the mixed raw gases were measured using local gauges and an 
orifice plate flow meter; table 6 shows the operating conditions of the feed.    
 

Table 6: The operating conditions of the combined feed stream 

 
The next step in the study is to simulate the proposed sweetening unit by simulation software; 
HYSYS is a common and reliable software that can produce results with a high degree of 
satisfaction and accuracy. 
HYSYS V-9 with (Acid Gas – Chemical solvent) fluid package is used to simulate the 
sweetening process for high acid gas content gases with the composition and the operating 
conditions shown in tables (4 and 5). The amines used in the proposed sweetening unit are 
Monoethanol Amine, Dietahnol Amine, and Methyl Diethanol Amine, next table shows the 
Concentrations and pick-up rates for various amine solutions.   

           
Table 7:  Concentrations and pick-up rates for various amine solutions 

Type of Amine 

solution 

The concentration of 

amine solution 

Solution Pick-up rate 

M3 acid gas per l 

solution 

Ft3 per gal of solution 

MEA 15 – 20 Wt% 0.023 – 0.03 3 - 4 

DEA 20 – 30 Wt% 0.03 – 0.038 4 - 5 

MDEA 40 – 60 Wt% 0.038 – 0.050 5 - 7 

DGA 50 – 70  Wt% 0.038 – 0.053 5 - 7 

 

PRESSURE (PSIA) 1000 

TEMPERATURE (C) 25 

FLOWRATE (MMSCFD) 15 
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In the proposal, an Absorber with 20 trays is used to absorb acid gases from the untreated gas at a 
pressure of 1000 psia, and a Stripper at atmospheric pressure with 20 trays is used to break the 
chemical reactions formed earlier and regenerate the amine for reuse. 
 
The Circulation rate of each type of amine depends on the solution pick-up rate and the solution 
concentration for each type and it can be calculated using the data in table 7, Table 8 summarizes 
the circulation rate for different types of amines solutions (MEA, DEA, and MDEA). The 
Temperature of the lean amine entering the absorber is held 7 C greater than the inlet sour gas as 
recommended. 
 

           
Table 8:  Circulation Rates of Amine solutions 

Amine Flow rate 

MEA 357 gpm 

DEA 250 gpm 

MDEA 179 gpm 

 
 
The simulation depends on optimizing the conditions of each type of amine to reach an 
acceptable limit of hydrogen sulfide with the lowest cost in each case. 
 

3. Results discussion 
 

The utilization of these flared gases which is our main concern in this study depends on the 
proposed sweetening unit. Most natural gas sweetening plants commonly utilize amines to remove 
the H2S and other sulfur compounds from the gas. Several different amines are present, the most 
common amines are: 

 
1. MEA solvent (Monoethanol Amine). 
2. DEA solvent ( Diethanol Amine) 
3. MDEA solvent. (Methyl Diethanol Amine) 

 
Each type of the previous amines will be simulated for comparison to select the best choice for 
amine solution according to the H2S content of Sweet Gas, corrosion analysis, and economic 
considerations. The simulation depends on optimizing the conditions of each type of amine to 
reach an acceptable limit of hydrogen sulfide with the lowest cost in each case taking into 
consideration the corrosion limit of each type of amine 
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3.1 Sweetening using Monoethanon Amine 
 

The simulation of MEA is made using the feed gas composition in the table (5) at 
operating conditions shown in table (6). Figure (3) shows the simulation of MEA 

From the MEA simulation, it is shown that at an amine flow rate of 357 gpm, 12.92 MMSCFD of 
sweet gas with about 0.24 ppm of H2S is produced from the sweetening process. With a deeper 
analysis of the operation conditions, it’s found that the lean amine temperature at the inlet of the 
Absorber is 32 C which is higher than the Sour Feed Gas temperature of 7 C as recommended, 
Table (9) shows the main operating conditions of the cycle. 

 
Table 9: The Main condition of the MEA cycle 

As for corrosion monitoring, the rich amine loading in this case is 0.35, and the amine strength is 
20%. The recommended range for amine loading of MEA is up to 0.4 and the amine strength is up 
to 20%, so there is no risk of excessive corrosion of the rich solution of MEA.  

From an economic point of view, the average price of MEA is about 7 $/gallon, and the total power 
needed in the MEA cycle is about 54000 KW. 

 
  

Sweet Gas Co2 Composition mol% 5.121e-007 

Sweet Gas H2S Composition 0.2404 ppm 

Rich Amine Loading 0.3505 

Regenerator Feed Temperature 70 C 

Amine Strength 20 %wt percent 

Amine Recirculation Rate 357 Gpm 

Lean Amine Temperature 32 C 

Feed Gas Flowrate 15 MMSCFD 

Feed Gas CO2 Mole Fraction 0.0124 mol% 

Feed Gas H2S Mole Fraction 0.1045 mol% 
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Fig 3: Simulation of MEA Cycle 
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3.2 Sweetening using Diethanol Amine 
 

The simulation of DEA also depends on the feed gas composition in table (5) at 
operating conditions shown in table (6). Figure (4) shows the simulation of the DEA 

From the simulation, it is shown that at a flow rate of 250 gpm of DEA, about 12.94 MMSCFD of 
sweet gas with about 0.702 ppm of H2S is produced, Table (10) shows the main operating 
conditions of the cycle. 

 

 

The second parameter is corrosion monitoring, the rich amine loading in the DEA case is 0.61, and 
the amine strength is 26%. The recommended range for amine loading of DEA is up to 0.7 and the 
amine strength is up to 30%, so there is no risk of excessive corrosion of the rich solution of DEA. 

From an economic point of view, the average price of DEA is about 9 $/gallon, and the 
total power needed in the DEA cycle is about 9750 KW. 

 

Table 10: The Main condition of the DEA cycle 

Sweet Gas Co2 Composition mol% 5.019e-005 

Sweet Gas H2S Composition 0.7021 ppm 

Rich Amine Loading 0.6115 

Regenerator Feed Temperature 93.33 C 

Amine Strength 26.00 %wt percent 

Amine Recirculation Rate 250 Gpm 

Lean Amine Temperature 33 C 

Feed Gas Flowrate 15 MMSCFD 

Feed Gas CO2 Mole Fraction 0.0124 mol% 

Feed Gas H2S Mole Fraction 0.1045 mol% 
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Fig 4: Simulation of DEA Cycle 
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3.3 Sweetening using Methyl Diethanol Amine 
 

The simulation of MDEA also depends on the feed gas composition in table (5) at 
operating conditions shown in table (6). Figure (5) shows the simulation of MDEA 

 
From the simulation, it is shown that at a flow rate of 180 gpm of MDEA, about 12.64 MMSCFD 
of sweet gas with about 2.5 ppm of H2S is produced. 

As for corrosion monitoring, the rich amine loading in the MDEA case is 0.40, and the amine 
strength is 60%. The recommended range for amine loading of MDEA is up to 0.5 and the 
amine strength is up to 60%, so there is no risk of excessive corrosion of the rich solution of 
MDEA, Table (11) shows the main operating conditions of the cycle. 
 

Table 11: The Main condition of the MDEA cycle 

 

From an economic point of view, the average price of MDEA is about 10,25 $/gallon, and the total 
power needed in the MDEA cycle decreased to 8940 KW. 

 

Sweet Gas Co2 Composition mol% 4.64e-002 

Sweet Gas H2S Composition 2.49 ppm 

Rich Amine Loading 0.4051 

Regenerator Feed Temperature 93 C 

Amine Strength 60 wt percent 

Amine Recirculation Rate 180 Gpm 

Lean Amine Temperature 33 C 

Feed Gas Flowrate 15 MMSCFD 

Feed Gas CO2 Mole Fraction 0.0124 mol% 

Feed Gas H2S Mole Fraction 0.1045 mol% 
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Figure 5. Simulation of the MDEA Cycle 
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By comparing the three amines, MDEA is considered the best economic choice because it can reach 
the acid gas content specification of the sales gas at the lowest power needed and the lowest 
circulation rate. Table 12 summarizes each type's operating cost based on the average cost of power 
in Egypt is 2.5 USD/kw.day. 
 

Table 12: The  operating cost for different Amines 

 MEA 
20% wt percent 

DEA 
26.00 %wt percent 

MDEA 
60% wt percent 

Circulation Rate 
(gpm) 357 250 180 

Amine Cost 
(USD/gallon) 7 9 10.25 

Cost Flow 
(USD/ Min) 500 585 1,107 

Power (KW) 54000 9750 8940 

Power Cost 
(USD/year) 

49,275,000.00 
 

8,896,875.00 
 

8,157,750.00 
 

 
Compared to similar and equivalent projects, the average annual rental cost of an amine sweetening 
unit is about 4,000,000 USD. Another important parameter that must be taken into consideration is 
the installation cost of the project, The cost of installation will be about 1,600,000 USD 
on the other hand, gas prices have witnessed a significant increase, as the current price of gas 
according to Henry Hub is about 6.80 USD/MM Btu. And as a result, the MDEA proposal is 
considered to be very profitable according to the current gas price and the total expected costs as 
shown in table 13. 

Table 13: The Economic Summary of the Proposal 
 First Year Later Year 

Power Cost         (8,157,750.00) (8,157,750.00) 

Raw MDEA (50,800) 0 

Losses of MDEA 15% (7,620) (7,620) 

Rental Unit Cost (4,000,000) (4,000,000) 

Unit Installation Cost (1,600,000) 0 

Sales Gas Price 37,676,760.00 
 

37,676,760.00 
 

Annual Profit 23,860,590.00 USD 
 

25,511,390.00 USD 
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4. Conclusion 
 
Results showed that Amine sweetening unit can be used to remove hydrogen sulfide to an 
acceptable amount from 15 MMSCFD of sour gases in the Eastern Desert. Different types of 
amines like Monoethanol Amine, Diethanol Amine, and Methyl Diethanol Amine were used at 
different circulation rates and different solution concentrations in the proposed sweetening unit to 
produce sales gas within the specs.   
 
Despite MDEA being more expensive than MEA and DEA, MDEA is the recommended amine type 
in this case because it has the lowest circulation rate and the lowest power needed compared to the 
other amines. 
 
From an economic point of view, the MDEA proposal is considered to have an excellent economic 
return according to the current gas price and the total expected costs. along with the expected 
environmental impact of the proposal by reducing the quantities of flared gas by 85%. 
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Nomenclature 
 
     

                                                 MEA         =   Monoethanolamine 
                                                 DEA          =   15TDiethanolamine 
                                                 MDEA       =  Methyl Diethanolamine 
                                                 MMSCFD =   Million Standard Cubic Feet per Day 
                                                 MMBTU   =   Million British Thermal Unit 
                                                 GPM         =   Gallon Per Minute 
                                                 H2S           =   Hydrogen Sulfide 
                                                 COS          =   Carbonyl Sulfide 
                                                 CS2           =    15TCarbon Disulfide 
                                                 PSIA         =    Pound per square inch absolute 
                                                 PPM          =   Part Per Million 
                                                 KW           =    Kilowatt 
                                                 CO2                =      Carbon Dioxide 

                                                     NH3          =     Ammonia 
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