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Today, the demand for natural gas (NG) as a low-emission energy carrier is on
the rise. Simultaneously, the share of liquefied natural gas (LNG) as a method of
gas transportation is also increasing. The high-pressure gas pipelines for urban
gas supply, along with pressure reduction stations (PRSs), have expanded
significantly in Iran over the past few years. In the PRS, the pressure energy of
NG is lost. Therefore, LNG production using the self-cooling method in PRS
(LPRS) is one solution to recover this energy and produce LNG simultaneously.
This method requires attention due to very low electricity consumption and
simplicity compared to other liquefaction methods. Replacing LPRS instead of
PRS, in addition to creating a product sales market, can decrease energy waste
in PRS. The feasibility of the plant construction requires both technical and
economic evaluations. In this research, we have designed an LPRS process
specifically for the Neka power plant. After identifying suitable thermodynamic
points, an economic evaluation that considered the entire LNG production chain
is conducted. In this study, through a parametric analysis, the liquefaction rate
has achieved 27.6%. The coefficient of performance, specific power
consumption, and exergy efficiency are 0.68, 160.0, and 61.8% at the maximum
liquefaction point, respectively. Furthermore, the results of the economic study
show that the highest IRR and the lowest break-even point are calculated as 38%
and 2.4 years, which are realized at the maximum liquefaction point.
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Parameters Value
Feed gas composition METHANE 95.419
(Mole fraction %) ETHANE 1.073
PROPANE 0.245
i-BUTANE 0.063
n-BUTANE 0.015
i-PENTANE 0.109
n-PENTANE 0.067
Nitrogen 0.836
Total 100
Feed gas pressure po kPa 4,500
Feed gas temperature To °C 40
Return Gas pressure Preturn kPa >= 450
Feed mass flow rate kg/h 20,000
LNG pressure kPa 120
turbo expander efficiency % 85
Minimum expander 0
vapor quality VFs & >99
Compressor efficiency % 75
Gas temperature after .
Coolers c 40
HEX’s min temperature M.A. e 3
approach
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RT a
p:——— (\)
v-b v(v+b)+b(v-b)
R2T%a(T)
a(T)=0.457235 ——= ™
Pc
RT,
b=0.077796 )
c
a(T) = (1 + (0.37464 + 1.54226w
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Components Energy balance Note

Wk-100 = mfeed (he-hfeeq)
Compressors Wy _;9; =my7(hy1-h17)

Wi -102 = 7'71'12(h1e'h12)
Expander Wre_101 = ng(hg-h13)

_100 =My(h -hy1)

Coolers Qac-100 mo( return-011
Qac-101= m.14 (h14-he)
QHE:‘X—101 =1y (h;-hy)
= 1y (hqo-hg)

Heat .
+ 1145 (hyz-hs)
exchangers Quex—102= ™y (hy-hy)
= mhg(hs-hy)
Valve h, = h;
Separators mshs V-100

= 1ghy + My nching
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Components Equation

Note Year Ref.

Compressors and C = 7.9 (HP)*2 x 10° §

Expander
Driver C =(0.172 (HP) +5.26) x 103 $
Air cooler C = 30 (UA/U,g)** x 103 $

Plate fin Heat exchangers C = 130 (UA/0.093U.)""® $

200 < HP < 30,0000 2003  [39]
Centrifugal compressor and
expander without driver

NEMA motor, ATEX, Siemens 2012  [40]
Ueq = 0.511 kW/(m? .K)

45m?2< A <18,000 m? 2003 [39]
- 2007  [30]

ion 50 JS 6188 ke asie Cpep Y alal) )0 a8
oo bz slo Jg5le a2 ggeze Crppy o s3lwale
Slobopw anie Sjge pl o wl Gleple
4 55 aals> sl (CAPEX)
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Components Range Selected Ref.
o For process building 0%-10% from Ctam o _agg

Buildings For non-process buildings 5% - 20% from Cram Chuitding = 15% CrorLers [41]

Site 4% - 20% from Crci,Lrrs Cisite = 5% Crcl,LPRS [41]

Offsite facilities 5% from CrciLrrs

Pre-treatment Unit 37.5% of Crci,Lrrs
LNG storage tank Unit -

CAPEX -

Coffsite facilities = 5% CTCI,LPRS [41]
Cepr.1r. = 37.5% CrciLrrs [7]
Cstorage =600 $/ m3
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1 MFR %  Main stream Mass flow to feed flow
rate ratio (MFR= m/rho)

T1 °C  end flash inlet temperature

Ps bar  Outlet pressure of Turbo expander

Ps bar Feed pressure boosting compressor
outlet
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K-100 outlet pressure Ps bar 45 50 60 70 80 90
fixed variable
Ps bar 1.2 1.2 1.2 1.2 1.2 1.2
Key variables
MFR % 25.4 27.3 29.7 31.2 32.3 33.2
T1 °oC -97.6 -103.0 -114.2 -122.4 -130.0 -136.4
Heat exchangers
HEX101 UA kw/°C 76.6 88.4 120.5 125.4 145.3 168.3
Duty kw 891.4 9955 1149.6 12458 1322.6 1382.3
HEX-102 UA kw/°C 4.0 3.8 3.0 2.4 1.9 14
Duty kw 69.8 61.2 425 30.4 20.2 13.1
AC-100 UA kw/°C 13.0 14.6 16.3 17.0 17.4 17.7
Duty kw 496.8 617.2 784.4 876.3 947.8 1000.5
AC-101 UA kw/°C 0.0 5.9 12.8 17.3 20.6 23.2
Duty kw 0.0 145.2 410.8 650.8 870.8 1074.8
Rotary Equipment
Expander W-TE101 kW 1258.8 1237.4 12101 1191.2 11750 1159.7
W- K100 kw 1206.4 1217.8 1226.8 1224.7 12198 1212.9
Compressors
W- K101 kw 0.0 117.0 326.7 511.8 678.1 829.6
Total Whet kw 52.4 -97.4  -343.4 -5453 -722.8 -882.9
performance indicators
Maximum Liquefactionrate | | R % 1515 1739 2101 2352 2572 2759
Coefficient Of Performance coP 161 118 0.90 0.79 0.72 0.68
Specific Power Consumption SPC KWhit  -17.28  27.99 8174 11593 14050  159.99
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