Natural Gas Liquids Separation

We consider now a method to remove ethane and heavier components from natural gas. We
start with a stream of gas and we cool it down with the aim of separating as much methane as
possible in a flash unit.
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Stream Name 100 4 g C
4 Stream Description IHLET GAS
Phase Vapor Vapor Liquid
Temperature F 120.000 -53.999 -83.889
Prassure PSIG 588000 583000 £83.000
Flowrate LB-MOLHR 2679.168 1794.034 8985135
Composition F
MITROGEN 0079 0.110 0.016
METHANE 073 0351 0.457
ETHANE 0077 0031 0.169
FROPANE 0057 0,006 0.160
IBUTANE 0010 0.000 0.029
BUTANE n0zg 0.001 0073 D
IPENTANE 0.007 0.000 0.0z1
FENTANE 0.003 0.000 0.025
HEXANE 0.004 0.000 0013
HEPTANE 0.003 0.000 0.009 Sid
Stream Mame 100 4 3
Stream Description IMLET GAS
Phase Vapor “apar Ligguict 5
Temperature F 120.0000 -33.9990 53,9930
Pressure [Railed 588.0000 583.0001 583.0001
Enthalpy hibd BTLMHR 7.4020 -0.6463 -2.2034
Molecular Wight 225085 18.0271 315845
Mole Fraction “apor 1.0000 1.0000 0.0000
Mole Fraction Liquic 0.0000 0.0000 1.0000
Rate LB-MOLHR 2679168 1794.034 885135
Fluic! Rates LB-MOLHR
MITROGEN 2119222 195.0524 13 6698
METHAME 1957 1327 | 1526.5073 430 6252
ETHAMNE 205.7602 56.3299 149 4302
PROPANE 152.4447 11.21389 1412288 Si
IBUTAME 265230 06626 258612
BUTANE BS.3717 1.0679 B4.3038 D
IPEMTARNE 18.4663 0.0926 16,3936
PENTANE 21 8692 0.0940 216752 Rig
HEXAMNE 11.2525 0.0095 11.2430
m HEPTANE 5.3054 0.0015 §.3037
|
< Fire
Add new Units/Streams from PFD Palette. Double-click on Units/Streams far input.
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We notice that the liquids contain some methane so, we realize that a distillation column might
be needed. However, we do not have a refrigerant to provide a reflux of methane. Therefore,
we use a column without a condenser. To aid in the separation, we reduce the pressure in the
column.
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Stream Name 100 T 7 B d

Stream Description INLET 545 12UID FRO

Phase \apor “apar Liquid apor Liuid
Tamperatura F 120000 | -83999 | 83099 | 138543 | 32353

Fressure [ se2.000 | 583000 | 33000 | 125000 | 125.000

Flowrate LBMOLHR | 2670.18% | 1704034 | 996136 | 2236167 | 44e.0n1
Composition

NITROGEN 0078 .10 0016 0095 0.000
METHANE 0731 0351 D487 0874 0.008

ETHANE 0077 0031 0168 0029 0.320
FROPANE 0.057 0005 0.160 0003 0.330

IBUTANE 0010 0.000 0028 0.000 0.060

BUTANE 0024 0.001 0073 0,000 0.147
IFENTANE 0.007 0.000 0.0%1 0.000 0.042

PENTANE 0.008 0.000 0025 0.000 0.050

HEXANE 0004 0000 0013 0.000 0.025
HEPTANE 0.003 0.000 0,008 0,000 0.019
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EXERCISE 4-9: Review the column choices and the temperature before the flash. Determine
the effect of these variables in the separation.

We notice, however, that the vapor could be actually expanded recovering some work and
reducing the temperature. We compare these evolutions using a generic TS diagram. Consider
an expansion through a valve (constant enthalpy line; this can be derived from basic
thermodynamic laws) and an expansion (isentropic). The final temperature of the latter is

always smaller than the one of the former.
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We therefore change the valve for an expander.
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o[ stream Name 100 4 5] E l :
1| stream Description INLET GAS Lz PROC ||
| .
i Fhase apor apor Liguid Wapor Liquid ||
1| Temperature F 1Zooo0 | S3ee9 | -E3.ee | 7RO 21782 | F
|| Pressure Psle sse.000 | sssoo0 | sszooo | 1zsooo | qzsooo |!
! Frowrate LB-MOLHR | 2670168 | 1704034 | 885135 | 2184212 | ded.0s7 ||
|
i| compesition i
W MITROGEN 0.078 0110 0.018 0.087 0,000 J. o
| METHANE 0731 0.351 0.487 0.594 o.o0g )
Il ETHanE 0.077 0.031 0,169 0.002 0377 |1
| PROPANE 0.057 0.008 0,160 0.000 0307 |
I iBuTANE 0.010 0,000 0.028 0.000 o054 |
i| BuTane 0.024 0.001 0.073 0.000 odsz || Sid
| PENTANE o.007 0.000 0.021 0.000 o037 |!
j| PENTANE 0.008 0.000 0.025 0.000 o044 ||
HEXANE 0.004 0.000 0.013 0.000 ooz |
HEFTANE 0.003 0.000 0.002 0.000 0017 |1
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EXERCISE 4-10: Review the column choices and the temperature before the flash. Compare
with the column in exercise 4-9. Determine the effect of these variables in the separation.

We now add some conditioning (heat exchange and recompression).
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We now add a deethanizer and a depropanizer
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'r PROJII with PROY¥ISION - Flash+Column with expander-+final conditioning+dc Z+dc3 -
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Puzh thiz button to view the complete flowsheet diagram.
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EXERCISE 4-11: Set up the simulation with a recovery of liquids as explained. Compare the
possibility of recovering propane + butane instead of only propane.

We finally take a look at the flowsheet of a real plant. The instructor will show you the
different features of this simulation and the related optimization.
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oollg Va1 Cakalaiorn

. - -
Caleulator Name RECOWERY TOTALLUTY1 Cun' FROFIT
Calculator Description
Result 1 61.5156 1764.2821 32011882 | 17280172.0000
Result2 n/a néa néa n/a
Result3 n/a néa nia n/a
Result 4 nia nia nia nia
Result5 n/a néa néa n/a
__________________________________ = —--
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Add new Unite/Streams from PFD Palette. Diouble-click on Units/Streams for input.
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EXERCISE 4-12: Take a simulation result and design a heat exchanger network using the

tools learned previously.




