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Research subject: Millions of dollars of non-renewable capital are
burned in flares every year, in the oil and gas industries, which in addi-
tion to polluting the air has no income for the industry. In Iran and South
Pars region, due to the presence of gas refineries, a considerable amount
of gas is burned in the flares. In this research, as a comprehensive study,
the technical and economic investigation of the recovery of flare gases
has been discussed.

Research approach: For this purpose, Aspen Plus software was used
to simulate the desired unit in the set of flares of South Pars refinery
phases 22-24. The simulation consists of two recovery parts: the flare
gases recovery by use of a liquid ring compressor and power generation
by the heat from the combustion of the flare gases through the applica-
tion of the reheat steam Rankine cycle. The profitability of the project
includes naphtha cuts and liquefied gas recovered from gases sent to the
flare on one hand and power generation in turbines on the other hand.

Main results: The effect of the amount of air entering the combustion
chamber on the temperature of the exhaust gas was investigated. The
amount of air entering the combustion chamber was determined to be
2685 tons per hour in order to obtain supercritical water vapor with a
temperature of about 650 2C and a pressure of 26 kPa in the Rankine
cycle. Using the simulation results, the temperature diagram was drawn
in terms of entropy, and in addition to the steam phase diagram during
the cycle, the steam Rankine cycle diagram was also drawn. The results
of this research showed that the designed process will produce 5365
kg/h of naphtha, 179.45 kg/h of LPG, 25903 kW, and 101124 kW power
in two separate turbines, and an annual sales income of 24,782,194 $. In
addition, it was shown that the investment return period of this process
is equal to 2.5 months.

*To whom correspondence should be addressed:

h.esmaeili@shahroodut.ac.ir
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Table 1 Methods of reuse of flare gases

Applications of flare gas Amount of | Gain Reference
Investment
Collecting and injecting into oil | Moderate | 5% increase in oil production | [4]
Ieservoirs
Collection and injection to nat- | High Recovery of up to 90% of [4,5]
ural gas facilities and transfer to flare gas
the national gas network
Collecting and injecting into Low No gain [6]
underground reservoirs
Power generation Moderate | Electricity production by [4,7-9]
combustion of flare gases
Production of hot water or Moderate | Steam production by heat of | [7,8]
steam using the heat of combus- combustion of flare gases
tion gas
Application in GTL process Very High | GTL production energy is ob- | [4,10]
tained from the combustion
of flare gases.
Application if fuel cell technol- | Moderate | Hydrogen obtained from [11]
ogy combustion of flare gases is
used as fuel cell feed.
Application in seawater desali- | Moderate | The heat from combustion is | [12]
nation used for desalination of sea
water.
Application in LNG-mini High Flare gases are prepared [5]
systems for sale in liquid form after
removing pollutants
liquid ring compressor system | Low Raising pressure and remov- | [13]
ing acid gases simultaneously
with a liquid ring compressor
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Table 2 Specifications of gas refinery flare gases [23]

parameters Value Unit
Temperature 50 °C
Pressure 7 bar-g
Flow rate 76880 kg/h
Molecular weight | 40.08 g/mol
Heat value 44104 kl/kg
Component Mole percent
H.S 5.699
H,0 1.746
N, 0.607
CO, 10.549
Cl 41.867
C2 8.346
C3 5.983
i-C4 1.812
n-C4 3.554
i-C5 3.500
n-C5 3.428
C6 3.011
Cc7 3.089
C8 3.540
Co+ 3.377
Sum 100
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Figure 1 Flow diagram of the proposed process in Aspen plus software
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Table 3 Characteristics of liquid flows recovered from flare gases in FGR unit simulation

Operating parameters LIQ-2 LIQ-1 Unit
Temperature, K 313.15 323.15 K
Pressure, barg 1.88 0.7 bar-g
Mass flow, 5617.4 16542.04 kg/hr
Heat value, 2288.9 2169.7 kj/kg
Components Mole Percent LIQ-2 Mole Percent
LIQ-1
METHANE 0.6315 0.3433
ETHANE 0.6779 0.3458
PROPANE 1.5658 0.7743
I-BUTANE 1.1081 0.5286
N-BUTANE 2.9197 1.3883
I-PENTAN 6.223 2.9575
N-PENTAN 7.5792 3.6533
N-HEXANE 15.2227 8.002
N-HEPTAN 23.0961 16.2783
N-OCTANE 23.8222 29.2667
N-NONANE 13.4166 34.8933
NITROGEN 0.0042 0.0026
CO—2 0.5028 0.2907
H2S 0.7298 0.3691
WATER 2.5003 0.906
Sum 100 100
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Figure 2 Diagram of combustion temperature due to changes in the amount of air entering the combustion chamber
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Figure 3 Rankine cycle of supercritical steam in the power generation section
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Table 4 Amount of energy production and consumption in the process

Product Value Unit Annual income, ($/yr)
Naphtha 5365 Kg/h 6,953,040
LPG 179.45 Kg/h 891,507
Electricity from heat recovery in TUR-1 25903 kW 3,453,879
Electricity from heat recovery in TUR-2 101124 kW 13,483,768
Total annual income ($/yr) 24,782,194
b wolal Gl a3l sanpexr O sz
Table 5 Summary of economic indexes of the plan
Case Value Unit
Fixed Capital Investment (FCI) 4,330.295 $
Total Capital Investment (TCI) 5,094,465 $
Annual Operating Costs 872,486 $
Annual income 24,782,194 $
Gross profit 23,909,708 $
Rate of Return 469 %
Period of Return 2.5 Months
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