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ABSTRACT

Research subject: The flare, as an integral part of petrochemical plants, not only ensures the safety of operations and personnel but is also a major
source of pollutant emissions and volatile organic compounds. The gases directed to the flare often contain valuable components whose recovery can
significantly enhance production, increase revenues, and reduce greenhouse gas emissions. Therefore, investigating the recovery of flare gases and their
reuse in petrochemical processes is of considerable importance.

Research approach: In this study, aimed at recovering flare gases in the Zagros Petrochemical Complex, process simulation and energy—exergy analyses
were performed. The proposed process consisted of a methane steam reformer operating at 1000 K and 101.3 kPa, a system of heat exchangers, a water—
condensate separator, and a gas compression unit increasing the recovered gas pressure to 7600 kPa in accordance with the methanol synthesis reactor
conditions. Furthermore, a sensitivity analysis was conducted to examine the effect of steam-to-carbon ratio and reformer feed temperature on the overall
energy and exergy performance of the system.

Main results: The results indicated that the optimum steam-to-carbon ratio in the reformer was 13, at which all methane was converted into syngas.
Increasing the feed temperature reduced reformer energy consumption, enhanced energy efficiency, and decreased exergy destruction. Exergy analysis
showed that the reformer accounted for the highest share of exergy destruction (49.43%), while the water separator contributed none. The overall energy
efficiency of the process was calculated as 56.43%, with 17 GJ of input energy utilized. The specific energy loss and exergy destruction per ton of
recovered gas were 13.13 GJ and 2.62 GJ, respectively. Methanol synthesis unit simulation revealed that syngas recovery increased methanol production
by 9.16%, equivalent to 462.39 tons per day. Finally, the evaluation confirmed that implementing flare gas recovery completely eliminated CO,
emissions from flaring, thereby reducing the CO, footprint from this source to zero.
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Figure 2 Process simulation of flare gas recovery
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Table 2 Thermodynamic properties of the process simulation

points
Process
Stream . . :
ID Tf Pf m EPh ECh
0 (kPa) | (kg/h) (kW) (kW)
F(;Z;e 3500 1013 | 5000 | 0607 | 30352.000
Water 2500 1013 = 9008  0.000 433333
1-1 1923 | 1013 | 14008 = 1220 | 31978.390
12 | 37000 1013 = 14008 = 1789.522 | 31978.390
13 72690 1013 = 14010 3934480 = 32884.340
1-5 6707 1013 14010 235056 | 32709.260
16 4000 1013 = 14010 & 13764 323113700
17 90130 7600 ~ 6760  4457.844  32360.600
S‘g‘egcas 14710 = 7600 | 6760 | 1913455 = 32360.600
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Table 3 Specifications of the process equipment employed in the

simulation
Process Description
Equipment P
Pre-Heater Heat exchange between feed and reformer products

. Reaction vessel for converting methane into
Mixed Reformer . . . .
synthesis gas and performing reforming reactions

Syngas Cooler Cooling of reformed gases using cooling water

Water Sep Separation of condensate water from cooled gases
Multi-Stage Compressing the recovered syngas from the flare
9 gas and equalizing the pressure for the methanol
Compressors

reactor feed line

Intermediate
Coolers

Intermediate cooling of exhaust gases from the flare
gas compression stages
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370°C 726.9°C
101.3kPa 101.3kPa
Water
Preheater Mixed Current
- Reformer Syngas
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e
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Cooling o:l]():reslsi:m Recovered 5 Synthesis
and Cooling Unit
l 147°C
Zagros Waste 7600kFa New Crude
Petrochemical ‘Water MeOH Stream
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Figure 1 Schematic of the flare gas recovery process in Zagros
Petrochemical Complex
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Table 1 Composition of flare gas in Zagros Petrochemical

Complex
Component Mole Percent (Dry Basis)
H, 67.35
CH, 8.31
CO, 11.81
\P) 6.51
CcO 6.02
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Qfiare gas = LHVAare gas X MAare gas W)
Qprod gas = LHVprod gas X Mprod gas *)
Z EO/Z E;
_ LHVprod gas X Mprod gas
LHVfare gas X Mfare gas + Qrer + Qe

MNtotal =

X 100
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Table 5 Exergy balance for the process equipment

[14] Reformer

Equipment Ep Ep
Reformer Q-Ref Duty Ey 5 — [E1o]

[18] Other equipment

Exergy Destruction

Heat . Z L Z .
Exchanger ‘ Xdes (mix)in (1iX) gt
Pump Xdes = W+ Z(mx)in - Z(mx)out

Compressor ‘ Xdes =W+ Z(rﬁx)in - Z(mx)out
Syl ol pore Y-Y-Y
Sy sl 4 6551 Brae Suld )3 351 IS esik ©jgen )l
;)9.“:‘_,;0 d.u..ulz.o S LS‘L...A » OMU’JL)L )J.9 )lf Jj,a.?u )‘ c_}" )ﬁ
D = Neotal X Ge (QRD)
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Table 4 Mass balance of the flare gas recovery process (simulation
results using Aspen HYSYS)

Stream ID Mole fraction
H, CH, CO; N> Cco H,O
F(:rse 0.6735 | 0.0831 | 0.1181 | 0.0651 | 0.0602 | 0.0000
Water | 0.0000 | 0.0000 | 0.0000 @ 0.0000 | 0.0000 | 1.0000
1-1 0.3147 | 0.0388 | 0.0552 | 0.0304 | 0.0281 | 0.05327
1-2 0.3147 | 0.0388 | 0.0552 | 0.0304 | 0.0281 | 0.05327
1-3 0.4167 | 0.0003 | 0.0685 | 0.0282 | 0.0446 | 0.4416
1-5 0.4167 | 0.0003 | 0.0685 | 0.0282 | 0.0446 | 0.4416
1-6 0.4167 | 0.0003 | 0.0685 | 0.0282 | 0.0446 | 0.4416
1-8 0.6922 | 0.0005 & 0.1138 | 0.0469 | 0.0741 | 0.0725
Syngas
Rec 0.6922 | 0.0005 | 0.1138 | 0.0469 | 0.0741 | 0.0725
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Figure 4 Effect of steam-to-carbon ratio on the energy
consumption of the mixed reformer reactor
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Table 6 Summary of consumed and generated energies in the

process
Item Consumption (KW)
Reformer 8487
Compressors 4781
Flare Gas 30055.555
Cooling Water Exchangers 6594.722

Production (kW)

Synthesis Gas (Syngas) 28168.056
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Figure 3 Effect of steam-to-carbon ratio on methane conversion in
the mixed reformer reactor
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Table 8 Overall results of the process

Item Unit Value
Total Exergy Destruction kW | 4333.106
Overall Exergy Efficiency . 98.390
Energy Losses kw | 21750.221
Overall Energy Efficiency JA 56.430
Methane Conversion 7. ‘ ~100
G
Specific Energy Consumption ] 30.130
tprod
Stoichiometric number of produced _ 3.080
synthesis gas ’
Calorific value of the produced kJ
synthesis gas kg 17000
G
The intensity of energy losses | 13.130
tprod
G
Specific Exergy Destruction ] 2.620
tprod
A - GJ
Energy Utilization Efficiency (®, ) 17
tprod
S/C Ratio - 13
Methanol flow rate before flare gas kg
recovery [19] h 2
Methanol flow rate after flare gas E 299527320
recovery h
Carbon dioxide footprint before flare Kgcoz 0.0137
gas recovery rn :
Carbon dioxide footprint after flare gcoz 0.000
gas recovery Kgueon :
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Figure 5 Effect of reformer feed temperature on energy
consumption and exergy destruction of the reformer
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Table 7 Input and output exergy, exergy destruction, and overall
exergy efficiency

Component EFeed (kW) E.:Prod (kW) E.:des (kW)
MIXER 30857.940 31979.610 1193.670
Pre-Heater 68798.430 66712.228 2086.202
Mixed
8487.000 3050.908 5436.092
Reformer
Syngas Cooler 42535.952 42030.148 505.804
Water Sep 32327.640 32723.025 0.000
Multi-Stage
32371.190 36818.444 333.746
Compressors
Intermediate
54257.765 51916.448 2341.317
Coolers
Process 269563.917 265230.811 4333.106
Etot 0.9839
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