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Department of Chemical Engineering, Faculty of Chemical and Materials Engi-
neering, Shahrood University of Technology, Shahrood, Iran

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.
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Table 1 Methods of reuse of flare gases

Applications of flare gas

Amount of
Investment

Gain Reference

Collecting and injecting into oil | Moderate
reservoirs

5% increase in oil production | [4]

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
ogy

Hydrogen obtained from [11]
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

QY ool - oo (i §3,) b g (sl 4y (o (LA (sole aolilad


https://arcpe.modares.ac.ir/article-38-68339-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

3 Ol 9t goladl Ll 5 anl b (b

=k Ol o8z Yl Jyene (Shilee Lal,5 )0 18
VY g o0y yud s 5 Celn 10 xS0 i DAY
L iorad 05l pl,8 (638 Sl celw p o5
3 o Yer o dg slea g jlwad ailel w5l ool
CO Jluw ;5 o5 YYFY (NOX) 39,5 (sl JLu
By oo 6 S sl SOV Jlow jo o5 FY 4

Slmad )l s Se e L WV OYAY) 0,8 >
ASPEN) (con (mdige D) (c—aasS 3 Sle 5 Ly
SIS Gl g e p | S8 ialS (Hysys
s B Vb 0 sg2ge —ldes sLausly
rmhder g jolaiedy 53,5 Al e g, Glerd—
S o ol oyl ol Lo sy (09—
ol sloaiby; mmli ol a5 &) o
B o OVA eV L)l 5l =S5l 4 Ol o
S by g et il a5 9S50
=k g oaB ok slasls 5l JoSodS 5 (el sl
5 S sl I aSe Dg 8 ks VEAY AVl
8 a5 S g yeks VYIFA WYL L)l
FoN0 Yl oEzgVh o 58 ades i3l o(Jaie)
i3 MMSCEY) 55 o laibiwl cosSe g8 fyashes
JU, YYERPABA -+ w35, a3 Ulas 0l
S el |y 65l silainge Smled 5o

alide ot ame) 50 5 6 0 wlllhae
Aiges Glgmedy a5 Cl oud plosl L8 slals bk
o] OFAY) il Kan 4 ool olalllas asy oy oo
oo g awrw [V ] (V¥ Y) K aaS 35
Dyl vy e 5 o585 s [N
olen g ol VY] (Y-¥e) L5 5 sy
—as,0 VAl (VYY) L5 5 355 LVAL (Yo YY)
OYAY) o8 en g aigsals dY-]1 O\ ¥A) o5 e 4
oS oLl IYY] (v vY) o s 5 515 5 5 [V)]

S bl o s gl o ol o
aalllas 3550 (g oyl VE 5 VY L8 (655 olSaaVly
e S ol Godon jmled dmg ol a8 51,8
099) 99 Gt oyl o aS el ol 8 Clsllae
a8 S Ban ploied Ojg—od Jaive Lol bk
=ik 9 Ols ade sl o le Loy, ml st aalys
s oS gmle 4l L o oS gy Jaiis slajl8
o=lasdlas o8 Les wolidl ol o ) slalalw
4S5k sl 5 Los B L ol e oS5
lwo jials gl LaoauS sl o,le o pin )0
o=l b oz b 6la g peS 05 oo ooliiul 518
ol sls 518 JLcs aulidl ol an a S asyls 1) e L3
9 39—bse bl 4K b amle Ol Sl
Dg ddlgse Bl a5 S gladilelw 4y (g3l
Jrie a0 Il )l sl aslsioe 55 0l 2 o=l Jb=
sl

Lagl golatdl g 5 5 5505 il b glaasly
Slahs) omimee =5 )3 (e g (o 99—
oad g5l (V) Jgaz yo 18 sLajls 5l (s 50,4
]

=) Jevz o ea bl slaBal) 4 aag b
Sl (i slooly S| oz 5 glalS el Lag
Sl =YL ISl a el s (S
=Sl Joto L5 (5lin et 5 (3L
55 5l eolaiwl a sy ol o Lo Sl o 5 solazil
5 S=zs5 rlade G slalge S &0y L
g o anlio jo ;B an Jlo )l slals bk el
Sleims = 31085 s 53 Ghgy oml g 48 el J
e Sl Sl s S slas Sl ot
Gl s o 55 coki aulio o ,ol> JLs s 45 (g5,
DVF] crsls aalys of em asy ol o

spleslo ( aio slaazls jlis)se 3 Yoone
od—oe L oolg ;i | oS e slagleislw 5 )L
ploes =5, L aS b jo 095 e (el )5—“5
4S5 S by wedse ddy e sl o Lag]
A |y st g ojg el g 4Bl 592 5L o
(CHP) Lo S 5 3 ploejpd adgi 00,5 Bglane 35>
Ole= L) B plsjes oy ol ojle a5 el
TN el g aie sls 5 5 ((SlSa

Sl gy 4 [F1(VNY) (IS0 5 55 o
35 oSV o fuiliew sl as 1855 s0s—p
35 ade (V) ol e )le a s ailosls slpainy a i3
(1) 538 o S b G 0 (1) «(GTL) amle 4z
gl (ALY gl boglas 4y 5,55 9 (55l 8
OFY a5 a2 oo plis Loyl g5lawacss 5l ol
Slgi gl Go9, L OTL aieds | S gamma 5l 59 50 a5y
995 (o0 el ) Dle YO (55 pgd (g 095 o
Sl ) WA L8 L glos )28 (a5 oo (g,
WS oo pal B a8Vl ady) by b 4y 35
G553 Gy 5 45 wmo o i solatdl ol gl
Sl s 32 Sy90 oy A ;0 G )0 S soLaddl
Glaadlas b AYAY Jlow o Vol il Sen 5 59,3
A Jlol slasls bk elise slats) asl>
o)Ll o3 e oS b ale 55 4 515 SVl o
o] VEJRUURR) N [N VRS VR SPUD-Spp-5 SUIV. § [ JUWFICRS | Y Y
5 3= oloipd sy a5 aes e Lt aslllas o
2 Sl et b a (Jlw )l slajlS alwgar L S
(Cebow ;o SelS OVAY) 55 B ymae )3 (m92ad 0
e 5 mlie s | 65,aST il ials
Sl slasls b3k asbelw ol 3 ool [Y#] (1 vay)
oa—Soxljgm Layls (bl jo—taiedy ;L aSet 4y
Gilwas Lol &g —oay Aspen-Plus 5 3ls 5 Lo )
3 aS aao o ol gilwand oo e les S
ao Jw)l slasls bk abw 5l ool ul & g0

oty = (o (oiiten (6935 S gy (sl ) (o (A ool alilad QA


https://arcpe.modares.ac.ir/article-38-68339-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-17 ]

Jl—b w3 o Acid Gas Flare slog,s 090 o0
Sad syl I, 8 HP Flare & gl =0 o 9 o2Vl
VAY MMSCFD oo oyl (glyms cais 1)l ol >
a5l LaseS assly ol Ly 5 Layls [YY] el
0 w3l sl SLSL s adhase a4 s
=l sl sl samolyl slajls L ideS il g
c_‘i‘j oli_m.,Yb r;{‘- JLQ—MJ e LP Flare le_mc)a
Loyl 5l S o gl oo b ol > g oo
Ve g Ve ¥ Y slaasly 5158 JwolS adss U 5ol
Ivy] el YE$0 MMSCFD Jolss

aly® g 5lwans Y-V
M 5 by Gollae Slhe s SLuS 5 e amg b
{y¥]

CH+YO,—CO+YHO (1)

C, H+Y.00, —»YCO+YHO (V)

C.H+00 —YCO+fHO (V)

CH, +#.00 —-fCO+0HO ()

CDH\VJ’AOV_’OCOﬁ?HYO ()

3 Ol ot soladl Ll 5 anl b (b

S e ¥

YY 58 o iYWl Sy pd alolw (=38 20 V-Y
e o VP LS

Lol gla Lo Lol oSVl oy VFe ool
el Jrio Lol o oo y) it oo 5l glyome
3ol L wgte Lib gla o o go YL Lis
69,9 IYY] s a0l JLsd slaJa e g Sgo
B Ple g lidanazrg L LS oo slafain sy
A_..Qb‘? U_“"ﬁ) o)‘j_o.% LQUI' WO U_" LS -y ual o
3B Ol 2t iz SIS g L 50 g 39—
Jlrs o HP Flare lag s 55— oo Jlus,l LayT 4y
2 gl o..\_.i)‘_?‘).la ol g s 5 1,8 olfhw.sYb
5 odlol clals el MMSCFD VY- - Lagl 5l Sy
ity S wlolas 51 acsilss oo ailelus ,Lts 5y osl;
Golasl oSl sla, b ‘_5_,.,0.,‘ sl ol
Lol il oo ol3T jLzd s 5l 5l 55 adss b
Laasly gl ol 4l oy o bagio JLid glajls
oz VA asly Gug e Sl Eg S ©j9me 50 sl S
Bome Sl 4 aslel gauwl 5, 510555 o (55

[YF] 655 olReaVl 18 slayl5 Slasin ¥ Jsax
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 kJ/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
1-C5 3.500
n-C5 3.428
Co6 3.011
C7 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 29197 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
Tk solaidl gla ot ls gangex 0 Sy
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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