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Abstract - Natural gas liquefaction process is essential to transport natural gas for long distances. Lots of
compressors in this process are needed and the energy for these compressors can be supplied by drivers. Total
driver cost can be changed by selecting various drivers. This study focused on the minimization of the driver
cost to provide the energy to the compressors. Moreover, scenarios, extracting velocity is changed during
whole operating period, are set with considering gas well capacity. The mathematical model was established
by considering trade off relationship between the capital cost and the operating cost of the turbines. The model
also considers the life time of the driver equipments. As the result, the driver cost of the optimized case was re-
duced by 6.4% than the base case.
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Fig. 2. Simulation flow sheet of C3MR process.

Table 1. Inlet and Outlet Conditions of natural
gas and mixed refrigerant

Fig. 1. Schematic flow sheet of C3MR process.
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Natural Gas
. PropaneRefrigerantycle NG After cooling LNG
Moo Tem(fi‘érj‘““e 15.00 3334 115930
@ .@ @ Pr(ekslf;re 6260 6170 150
Composition (% mass faction)

Nitrogen 45 4.5 1.3

l“a Methane 86.9 86.9 89.2

Ethane 5.1 5.1 6.0
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Table 2. Energy consumption of compressors in
various capacity of C3MR process

3 4 5 6 7
MTP MTP MTP MTP MTP
A A A A A

Propane
compressor 34.5 459 57.6 68.9 80.4
MW)

MR
compressor1 38.1 50.8 63.4 76.1 88.8
MW)

MR
compressor2 16.6 222 27.7 333 38.8
(MW)

MR
compressor3 15.5 20.7 259 31.0 36.2
MW)

Total(MW) 104.7 139.6 174.6 | 2093 | 2442

Compressor

(Mw)
100
a0 . | # Propane compressor
80 o
10 Q EMR1 compressor
60 A
50 - ’.«" MR2 compressor
40 et
¥ T
30 . r. e
', - T MR3 compressor
20 L o
R
10
o Capacity
1 2 3 4 5 6 78 (MTPA)

Fig. 3. Relation between plant capacity and energy
consumption of compressors.
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Table 3. Constraints of C3MR process

Maximum helper motor capacity(mw) 40
Mechanical transmission loss(%) 1.5
Plant life(years) 24
Gas Turbine life(years) 12
St 7k 88 %] 420 Al1E 2016 22
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Fig. 4. Three scenarios for case study.
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Table 4. Driver capacity optimization result
Extraction scenario Case 1 Case 2 Case 3
Term 1 (Turbine A) + (Turbine A)
. . (Turbine B)
Configuration | Term 2| 1\ bine B) + (Helper motor)
Term 3 (Turbine B) + (Turbine B)
CAPEX(million $) 103.71 109.31 129.51
OPEX(million $) 840.01 817.65 787.11
Total cost(million $) 943.71 926.96 916.62

Table 5. Driver connection optimization result

Extraction scenario Case 1 Case 2 Case 3
Term 1 (Turbine A) + (Turbine A)
Configuration Term 2 (Turbine B) + (Helper motor)
Term 3 (Turbine B)
CAPEX(million $) 96.95 104.65 104.30
OPEX(million $) 786.34 781.59 783.54
Total cost(million $) 883.29 886.24 887.84
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: Turbine type

: Order of compressors

: Year of Extraction

: Term supplied by turbine configura-
tion

T : Period of Term j

Cx  : Compressor energy k in Cycle

Lmech @ Mechanical loss for transmission

— e e

Ximmax @ Maximum capacity of helper motor
Y1 : Turbine type before substitution

Y2 : Turbine type after substitution

TC : Total cost

CcC : Capital cost

Cryy : Capital cost of turbine

Cum @ Capital cost of helpter motor

N1 : Number of turbine before substitution
Nr2  : Number of turbine after substitution
Nuv @ Number of helper motor

OC; @ Operating cost of term j

Org @ Operating cost of turbine i

UOrg : Operating cost to supply unit energy

about turbine i
Onm @ Operating cost of helper motor
Omv @ Operating cost of helper motor
Praj : Supply energy by first turbine for term j
Prpj : Supply energy by Second turbine for
term j

Pimiz @ Supply energy by first helper motor
Pimz @ Supply energy by Second helper motor
Privax : Maximum energy of first turbine
Provax : Maximum energy of Second turbine

Omv @ Operating cost of helper motor
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