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Abstract - In this study, evaluation method for LNG plant FEED is suggested and its validity is confirmed
using a well-known decision making technique of Analytic Hierarchy Process (AHP). It is a pairwise compar-
ison technique which can be used when multiple options must be considered for a single decision making
problem. In order to develop an objective decision methodology, various decision parameters, sub-parameters
as well as the concept of scale of assessment were introduced, and its consistency among these parameters was
also checked by calculating the consistency index (C.I.). The methodology suggested in this article will con-
tribute in evaluation of LNG plant FEED with less bias and subjectivity associated with the decision making
procedure.
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Fig. 1. CAPEX for Major LNG Plants (US Mil$.) [2]
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Table 1. Main attached equipments for LNG plant

Components
Equipment separated/eli Process dependent effect
minated
Preproces- Heavy Improving overall plant
sing material running efficiency
Acid gas CO,, HS, Liquefaction process
treatment S, H:O, Hg stabilization
N 1 h: hi
Liquefaction N> atura ga.ls p ase change 0
liquid state
LNG ) Keeping produced LNG on
Storage preservation
others ) LN.G. shipment,
Utility supply
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Fig. 2. Hierarchy diagram for LNG Plant FEED
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Table 2. Decision parameters used in this study
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Table 3. Decision sub-parameters used in this study

Item Parameters weights
A Economics 0.25
B Constructability 0.25
C Expansion 0.10

Technical 1
b (Pre-treatment System) 005
Technical 2
E (Acid Gas Removal System) 0.05
Technical 3
F .1
(LNG Liquefaction) 0.15
G Technical 4 (LNG Storage) 0.05
Technical 5
H (Offsite & Utilities) 0.10
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Item Sub-parameters weights

Al CAPEX 0.30

A2 OPEX 0.20

A3 LNG Quality 0.10

A A4 Feed Gas Composition 0.10
erabilit

AS M(:iljr’ltainabi}lli/ty 020

A6 LNG Production Rate 0.10

B1 Logistics 0.30

B B2 Area Required 0.10

B3 Safety 0.40

B4 Environmental Condition 0.20

Cl Plant Life Cycle 0.30

C2 Feed Gas maximized 0.20

¢ C3 LNG production maximized 0.20

C4 Expandability 0.30

D1 Type of Slug-catcher 0.20

D2 Hydrocarbon Condensate 020
Treatment

D D3 Number of Compressor 0.30

D4 Number of Equipments 0.20

D5 Type of Utilities 0.10

El Number of Column 0.30

E2 Loss of Solution 0.15

E E3 Life cycle of Catalyst 0.15

E4 Number of Equipments 0.20

E5 Type of Utilities 0.20

Fl Type of Main Heat 0.10
Exchanger

7 F2 Number of Compressor 0.20

F3 Type of Refrigerant 0.30

F4 Number of Refrigerant Cycle 0.30

F5 Refrigerant procurement 0.10

Gl Type of LNG Tank 0.20

G2 Number of LNG Tank 0.20

G G3 Utility Storage Tank 0.30

G4 Number of Equipments 0.20

G5 Type of Utilities 0.10

H1 Utility procurement 0.15

H2 Flare Stack 0.15

H H3 Marine Facility 0.30

H4 Number of Equipments 0.20

H5 Type of Utilities 0.10
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Table 4. Scale of assessment values
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Table 5. Consistency index calculation results

I Scale of assessment Item N | Amax RI CR ClI check
em
L 2 3 AH | 8| 805 | 141 | 0005 |0.007 | Consistent
Al 100% 100 = 90 % <N % A1A6 | 6 | 602 | 124 | 0003 | 0004 Consistent
A2 100% 100 ~ 90 % <90 % N
B1-B4 | 4 4.02 0.90 0.009 | 0.008 | Consistent
A3 <90 % 100 ~ 90 % 100% -
- Methane o0e. <05% Methane Cl-C4 | 4 4.07 0.90 0.024 | 0.022 | Consistent
<90% > ° >95% D1-D5 | 5 5.06 1.12 0.012 | 0.014 | Consistent
A5 Complex Medium Simple E1-E5 5 5.08 1.12 0.018 | 0.020 | Consistent
A6 Small Medium Large FI.F5 | 5| 502 | 119 | 0004 |0.004 | Consistent
Bl Bad Medium Good GI-GS | 5| 506 | 112 | 0012 |0014 | Consistent
B2 100 100 ~ 90 90
% % N % HI-HS5 5 5.10 1.12 0.023 | 0.026 | Consistent
B3 Low Medium High
B4 Not considered Medium Considered A7 gRosm Sy =g Mol &
Eu = ku =
c <90 % 100 ~ 90 % 100% @%EEL:H]EZ]E‘VEKﬂiLLT& EH];‘} °
=[PSR slsl= 3
© <9 % 100 ~ 90 % 100% mxee X]Ii_ 175 = AEsSE Eﬂﬂo} “Ei'
3 <9 % 100 ~ 90 % 100% O]E '6‘1::ILHHT E—C}'E'TET: -r"?:]r@ ZH?:}O] 013:17_:7]'5'
C4 100% 100 ~ 90 % <90 % H Q2 AL AREER A9 Hrte A 2 k] Al
H o =Z0o] M o
D1 Finger type Vessel Type Unnecessary Fa4 5 ARG FA9f 2A AE7HET
S| 3 i H S
D2 Complexity Simple Unnecessary £ AelM e 57 }*‘-9‘*/’\‘ S A -84l Tk
D3 100% 100 ~ 90 % <90 % AZL 7t 2 gholl thd A3 A 5o] AAks
D4 100% 100 ~ 90 % <90 % ste] gt
o Heating & | o " AHP Y E 2 I {2 & A, Hd 174325 L
Cooling cating/Cooling | - Unnecessary £ T dom, A 42 CL (Consistency Index)
El 100% 100 ~ 90 % <90 % S AL AR 7ol 0.1 o8t A S 7HA I ATk
E2 Small Medium Large = 9u|7}t AT [5-6]
E3 < 3years 3 ~ Syears > 5 years 8FF B/ A H39FF MF 8 4ol tgh g4
E4 100% 100 ~ 90 % <90 % H&(CL)2> A #=0.1 o] 8k ghol vheh, Hrka s gl
Heating & ‘ . A R0 7heR] A7 ghell e Aol A5H
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Cooling At
F1 Rounded Combination PFHE H Ao A A eks=, LNG ZHEQ] 7| 244 Hr}
i e O Y=o z= = Qx20] w [N
) Compression COITEHPTCSS}OH + Unnecessary 22230 FRE 7 ]’X]‘\_ 8FFo| HWrtaaet39
spansion FRo) ARk, ol Hate] 2} AN ok W3
E Pure PureMired | Mixed FO SR IAA A7 S BF 5T GBS
R : : ! o % B £ 0.2 thewh 2ol Lhehd 5 itk
F5 Imported Combination Domestically
Gl | Single Type | Double Type | Full Type Az = ¥ (AR AR SN X S
G2 > 2 2 1
G3 Necessity small portion Unnecessary 7 =
V- = T—
G4 100% 100 ~ 90 % <90 %
Heating & . : =R L = B A A }H o
G5 Cooling Heating/Cooling | Unnecessary B o Lo A= LNG _]T__._—%E 7184 A Hr} ;ﬂ;‘% 9]
ololgle = 55 Zgle X
H1 Impossible Combination Possible ARk ]]_ ‘—4 FA o @ ste, LNOG Ef‘g‘_‘ 7] ‘]— A
A A 3H & o) & -y 37
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r{r

32 o
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2ol A1 LNG HE 712217 3
Akolzk Ao BB, A
QHPNES FEY AR5 B4
7} 59 stel WhE 3ol 7Fsdte.

WAH L FF ATRFOEE, THE FAE 4]
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= k=1
AHP : Analytic Hierarchy Process

CIL :Consistency Index

C.R. :Consistency Rate

EPC : Engineering, Procurement and Construc-
tion

FEED : Front End Engineering Design

FID :Final Investment Decision

LNG : Liquefied Natual Gas

n : Number of elements/parameters

RI :Random Index (C.I. / CR)

Amax : Maximum eigenvalue
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