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1. International Energy Agency, World Energy Outlook. 
2. Energy Information Administration (EIA) 
3. Opec World Energy  Model 
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1. Liquefied Natural Gas   
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2. Gas Infrastructure Augmentation and Long term Planning, Munawar Ahmad, Managing 
director, SUI Southern Gas Company Limited, Karachi, December 17, 2003. 
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1. Turkmenistan-Afghanistan-Pakistan(-India) Natural Gas Pipeline Project, Dan Millison, 
P.E. ADB South Asia Energy Division ADB South Asia Energy Division November 
2006November 2006.  
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    "�+�g� ���� �5� )$ ��&�� �&��� )$"$�,�  ��� ��  ��� �2�       $���= ��7 �T�	7 
���� ���)

<= �$�5� � "�( <%T (���.� U���� ���� ���_,� I9 $�$)��' C��/   Z��� G�J z�R 
�

���T ����� 6�&�+�! �� &T�# �)�R ��,��?7 �9�� [Z,�' �)�g#$�( ~BR�  .  

  �5���C9 GBH� �����    )$ +�����) �� ��� �  "�( ��&�� �       ��� � 6��5� )��+ �$ Z��
   �7��+�g� �D  �( )�V#�� )��+ �$ �5� 6��� �= )$ + e�f�    "$�$ G��b�� �5���    ���� � ����

 �5�/ I5��(Z�� "$�,� ���	7 6��5� �� ��# ��$)�� ���� �) � .)��+ �5�f7 )�&���9   <�5�
��� )$ ��# ���# �5�9` 5��5�7 ZT�5)$ � Z,�' ��W���� ��� 6��� T�E� ���� 6��5�  "��(

Z��.-'�� )$  "$�+ Z���9)$ 6��5� �� ���  �7 Z��)$ <5�f7 ��/ � �) ��#  � 6���5� ���
    ���9 )$ ���# Z�5V���7 :��5) �7 ��$ <5�f7 ��� � 6�&�+�! ��� )$ �6�&�+�!  6�&��+�!

 ����  ���� ��$�( L�D��  . ���_,� )��+ �5��W5$ )��   ��W����� ���� �� �) $�9 Z?
�Q�
         ���T $�$)��' )$ 61 6���b�# � <5�� 6��5� + Z,�'         ��� "$��+ ~���� �Z��� ��#Z.  )$

 &?# [�= ��H��  ���	7 )��+ � 6��� @
�] �5�7 aA� $�(�� Z,�' [���TZ.3   

O.E���, 	���F� 	L�
   ������� ��!�3���� ;�TF � 	'�  
        �,� )��' ���	� $)�� ���A/ �)�R � ���� �	�CD��#    Z�,�' �g
 �$��#   ��� 61 ����   �����7

           �(�� ���?&� �W5$ �=�� � �=�� :5 �� �A/�7 <��' 6�V�� � .       ����1 ���!�)� �E�= [�= )$
    a����4� :5 �� �45��1 � ��� Z,�' �)�g#       ���)�$ �) $��9 ���9  .       ��!�)� )$ �[��^� �����

Z,�'       "$)�1�T �� 
�
 ���9 ��# ���          �� Z��') ")�+ Z?� � <�����# ��2� �&?� ���  ���+ .
                                                     

� .                  ")�,�( y5����� ������) y6��5� ��# �5�9 ���� ��� ��AD�( �z�R 
�
 I9 �5�/ ��A�
�]XMY  y�r   Z��AC5$)� 
�NYX.  
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        ��+)���� � Z��� �&T�5 	���7 <���+ � -��/ �)�R � ��# �&��') )���� :5 ��45��1 )$
  Z,�' �� �A&,�'    ���� )$ )����   w��3  �� IC7��       $��/� �� �) �&��') -/�� :5 �5������ ���(��

 Z�� "$)�1 .Z,�'    <�����?5$ �� �45��1 \�&Q� ��F� )$ ��#    ��?�� �5 ZC^� �)�R � �5��
   ���� Z,�' � ZC��    �� ���	7 �w��  ���( .    Z�,�' ����1 )$     ����LNG         �� �/�7 ��� h����,H 

 Z?� Z,�'     �C� Z,�' h�R�%9 �G�9  �!�� �&?�)JCC(٢�� ���	7  ���(.JCC  Z�,�' I��&� 
Z?� G�9 ( �!�� $)�� "�� �� + Z�� �5���� ��&�� ��) "$ �� � "� $$�#.)  �,�=)�NYO(  

    "�f�Z,�' �)�g#              ��5� �� 6�#���+ E�H �� �)���� �Z�� �� "��_�! 
��� ��# 
   �5V� [�� �=�� )$ + ��&�� �4T ��     I5���( <'���= )$ �) ��A�1 0��� � @��+ �) $�9 �

 ���$ @(�! .   S�u� )$Z,�' �)�g#  � ��      ��H � �=�� �5V� �w�T �)�R    )$ �5�! Z,�' 6�
 &T�# �2� ��  $�(  .   � + ��) �5�      ��5V� ����C� ��) 6���H;           <��
$ �� "��( �)�g�# G��� 

         Z�� &(�$ �$�5� Z���Cf� �	�CD ��# ��A=�D 6$�� �� �5V� .       ��5� 6$��� )�+ � �� L��
            Z��� �)�g# Z,�' ���� ��C� �� ��H :5 6$)�1 Z�$ � ���) .       ��� ��) ��5� [��R�

    �2� )$ ���C�          � ���1)$ ������� ���	5 ��$�%&'� ~�D :5 ��$� ���� I5��( <'��= �&T�#
� �5V� Z�$��  �51. ) �,�=)�NYM(  

C =I                          ��1)$ = I                              �5V� = C 
6�,� +)�D ��              ���1)$ 6��] �$��+ ���Q&��� J�� [���T �� �5�� �) 5�! Z,�' a���$

R�=0! �Z�� Z,�' )$ )��F� w���:  
oPQC ×=          5�! Z,�'  = oP             "�( ��
�7 ��# )��F�  = Q       )�(

                   ��5�! J��� ��&��5� ����� [���T �5�� �	�CD ��# ��A=�D �J�� �,H [�D � /�7 ��
a5)�$ �5�5�! � <�� ���� � $�(:  

)M(  
$   �5V� �5�� 5�! Z,�' + $�+ ")�(� �5�� �A&�� )   V��� �) �����/ ��A&9�� [$�	� ���

 ��$ @(�!  .      �) ��# �)�g# Z,�' a����4� ��+ )��� ��     ����� a��F7 �5� �)�R � 6��7
$�,�:  

\
�.�  5�! Z,�' 6$)�1 Z�$  
w.�   )�+���� 6$)�1 Z�$Z,�' �)�g#  

                                                     
1. Henry Hub 
2. Japan Crude Cocktail 
3. Cost Base. 
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�.61 ������� � Z,�' �9�( �&T�5   
$.�)�g# Z,�' [���T ���� 61 ���� @�! � �2� �5�b7   
".@�!  Z,�' )$ ?'� ��( ����

        [���T �&T�# �2� )$ �� S�u� �	�CD��#Z,�'  �)�g�#       ��� ����T � ��5�9    � $��(
      Z?� Z,�' ��� [���T �5� )$ J�,	�    ���) �	�CD��# � G�9   $)�$ $�/� �� .    �� "$�?&��� <�
$

   Z?� � �	�CD��# ���)   G�9           �9��( )$ �5�5�! $�b5� � �	�CD��# �� Z?� ��5VW5�/ Z����'
     �� Z?� )���� ��f7 <�
$ � �(�� .      [���T :5 $�b5� �� L�� Z�,�'  �)�g�#     $��� a�A��7 

    L�%� � "���+��
�7 ��� �$�%&'�      Z���A&,�' "���51 ���) )$ �J�,&=� <5�	7 V�� � "���+. 
       �� ��W5$ ��5�! )���� �� [�= ��H )$    )$ ����7'Z,� �)�g#     $��# )��' "$�?&�� $)�� ��# . 

)&H)V�� �NYm(  
$�$ 6��� �5� �)�R � �) Z,�' [���T :5 )�&9�� 6��&� �5�(  : ) �,�=)�NYM(   

t 6��� )$ ��# Z,�' = 5�! Z,�' × (
t

t

MP
MPI 1− ) + A                                    (N) 

T �5� )$[���:  
1−tMPI  =Z?� "�5� �C� Z,�' G�9 ��6��� )$ �7�$)�� � 1−t  
 tMP =Z?� "�5� �C� Z,�' G�9 $�$)��' U���� 6��� )$ �7�$)�� ���.  
 A = "�5� Z5$��f� �� "���+ <5�	7 <��H   

[���T �S�7�7 �5��  ���Z,�' �)�g# ��#�� �)  6��7 � a��F7�5� �)�R $�,� ����:  
\
�.w���R�= ��A
���T   

w .-,/ ��A
���T  
�.�C�+�7 ��A
���T   
$.\F� � \+ Z5$��f� �� ��A
���T   

� �A
���T �5� )�&9�� ���5� �)�R:  

[�� .\�]&��% ��T����,  
  
)r(  

  
)m(  
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\ .^�F ��T����,  
  

)O(  
 J�� [���T )$1F � 2Fz�f%7 S5��E ��  ��(��.  

_.	3�<�A ��T����,   
 �A
���T �5� ��                   )$� ���(�� &�(�$ �) �W5$ ��9 [�4(� �5 � J�� [�4(� �� �C�+�7 �� �����7

Z�J�� )���� [���T ��5g! L��	�� Z
�= �5�. ) �,�=)�NYM(  

� .[9L > [< ���>8`� �
 ��T����,) �&H)V��NYm(  

)$����� �\+ Z
�=  +  P0 ��  P1:]�+  a5)�$ Z�� �7:
P1=P0×{0.3×

0

1

GO

GO
+ 0.3 ×

0

1

FO

FO
 + 0.4 ×

0

1

PPI

PPI
}                         (X) 

�#�  P0 �� �&#)V� P1a5)�$ �(��      :P0 = P2  
+ ����� �\F� Z
�= )$  P0 �� P1�5  P2 a5)�$ Z�� �&4]�+ :  

P1=P0×{0.4×

0

1

PPI

PPI
 + 0.3×

0

1

GO

GO
+0.3×

0

1

FO

FO
}                              (Y) 

P2=P0×{0.5 ×
0

1

GO

GO
 + 0.5 ×

0

1

FO

FO
 }                                                (}) 

J�� ��A
���T )$:  
FO = ")�+ Z?� Z,�'  
GO =��# Z,�'  
PPI ="���+ ��
�7 Z,�' �9�(  

LSFO =a+ )�?
�� �� ")�+ Z?� Z,�'  
 [���T ���	7 )$ 4�5� � /�7 �� ���$� )$Z,�' �)�g# I��7 )��+ �7�)$�R ��# 

a�,%7 �B� �!�� )���� 6�&�+�! � ��� ���)��+ � 
�
 I9  &T�# )��' ���# V�� � Z��
 + ��# ��$)�� ���� >��&� $)�� )$ �!�� Z
�$ I��7 "�( `�Q7� Z���� <�
$ �

 ��A
���T �� )��+ �5� �7 Z�� "�5$�# S/��Z,�' �)�g# � "$�?&�� ��5g! L��	�� 
�� )��+ �5� )$ �	�CD ��# �)�g# Z,�' ��)�� a5��$�!:  

 j5�) [���TZ,�' �)�g# LNGZ?� Z,�' �� ���1)$  G�9Z�� ��C7)� )$  . [���T

{ } { })(/)(/ ooo LSFOOLSFOFGOGOFPP ttt −××+−××+= 21 5050
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 �&��Z,�' �)�g#�� �5� �)�R �  �(��. ) �,�=)�NYO(  
PLNG = A*PCrudeoil + B                                                                  (�s) 

��i&�  �� ��7)�CH ��:  
PLNG = Z,�'  LNG�� 6����� �� Z�� �)�R �  �7 �5  

A  = ��f�� S�()6��� $ )$ J�,	� + Z�� Z?� Z,�' �� 61 �W&�C,� 6�V�� "���
 �$ I���� �� + �5��$�$)��'�}Ys �7 Msss"�( �F	��   $��= )$ ���Ym/�r &T�# �2� )$ 

�� $�(.(  
PCrudeoil = Z?� Z,�' 4�� �� )J$ �)�R � G�9  

B = �� 6����� �� Z�� �)�R � Z��n )��F� �7 �5  
  ���T LNG�^+� ���1 )$ �� �)�R [���T �5� �� "$�?&�� �� h� $�5g! . ���+�g� )$

 [�� 6�����! + �&,�'Msss&T�5g! �)�R  Z��n )��F� ���� B 6��� J�� [���T )$ +
 "$��f� )$ ��( ")�(�Xs �7 Z�� }s�� 6����� �� )$ Z��  �7  ���$�$)��' ���� �5DES 

"�( ���	7 Z�� . [$�	� ��f�� S�(Ym/�r,� �W����  �W&�CYmZ?� Z,�' � ��R)$   G�9
Z��.3Z?� �C� �� ��$�$)��' �^+�   �!�� �7�$)�� G�9)JCC(� �  Z,�' �9�( 6���H
Z?� �� "$�?&�� G�9 ��5�,�.8   

 [���TZ,�' �)�g# [���T �T�	� 6��� �7 )�+g� Z,�' �)�g# S-Curve I��7  
��!�� �� )��' "$�?&�� $)�� �� ZT�# . �$ I���� )$�}}s [���T 6�( ~��� �� 
Z,�' �)�g# S-Curve G�A?� ���!�� 6�)��5�9 �� ��$�$)��' �^+� )$ » "��(��T � :,+

Z,�' )$ Z?� ��5�! ���« � »Z,�' )$ )��5�9 � :,+ Z?� �J�� ���« ��&��� ��&�# 
ZT�5 .Z,�' �&'� *��� ��,� ��  Z,�' 6��� �W&�C,� ��(�� ���	� �= �� �7J�� Z?� ���
Z?� � LNG �� �&,+ � ms %�� @��+ ����� � ���5 Z,�' +  ���	� �= �� �&,+ � ��

�� @5�VT� �W&�C,� �5� ����� ���5.;   
 [���TS-CurveZ,�' �������   LNG �7 Z�� "�( S/�� � "$�$ @��+ �) 

 6�#��(��TLNGZ,�' )$  Z�$ ��&��� �T�E� ��)� � ���5�! �= �� �&,+ ���  � ����5 
�_,�Z,�' + ����� 6�)��5�9 �� ��&��� Z5�,= �� <,H � �Z�J�� �= �� @�! �� $)�1 .

 [���T ���$�$)��' �^+� )$Z,�' �)�g#Z,�' �� �%Q�� "$��f� ���� )�+g�   �Z?� ���
                                                     

� . �W&�C,� �5�Ym %Z?� ��  a��F7 �� G�9Ym/�r �� M/�XZ�� "�( C��f� .  
2. New LNG Project in Asia and Their Effects on Pricing, Jeaseong choi & Gi C. Jung, 
Center for gas economic & management, KOGAS. 
3. LNG Today, Fully updated and expanded, Andy Flower, June 2004. 
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�� "$�� )�+ � $�( .Z,�' �#�  �����# )��' "�( ���	7 "$��f� �5� �� �)�9 Z?� ���
�� kT��7 ZA/ ���	� ��T�D Z,�' �� LNG$�,� �����9 "�+�g� �W5�45 �� ) �,�=)

�NYO(. �$ ���$�$)��' )$ �}}s $��= )$ J�,	� Z?� Z,�' �J�� �= Mr {MN � )J$ 
 "$��f� )$ ��5�! �=�X {�OZ(�$)��' )J$  . �� @5�VT� <�
$ � ��9� ��A
�� )$ �
�

 Z?� Z,�' F���) �J���ss4�� �� )$ )J$  (5�! $��= �5� � "�+�g� $)�� V�� J�� � ��
��� &T�# )��' �2� �5�b7 .���5�! &?� )$ ��!�� ��A&+�(  "�� [�� *)�� MssY $�$)��' �

 �5�9 �����)$LNG 61 *��� �� � ��$�$ )��' �2��5�b7 � ������� $)�� �) �V����� �� 
 Z,�'LNG
�,f� )$  �� �� @�� �5�/ �msZ�� &T�5 @5�VT� �R)$  .T� �� Z,�' @5�V

 � �!�� �7�$)�� Z?� �C��ss ��A� �)J$ LNG �m �7 �O�� 6����� �� )$ )J$  �7  �5
$�� ����9. )���A����(�9 � �T  MssY(  

[�^� �5� )$  �� ����Z,�' �)�g#�� "����� �) �!��  ���+: )F
�9� �NYO(  
� 6�,H Z,�' [���T–�!�� ) w�T(١ 

P = 0.1515 * JCC                                                                             (��) 

)Z?� Z,�' ���) ��7 S�( �� ��f�� :5 �� ��# � G�9(  
� �4�J1 Z,�' [���T {�!��    

P = 0.1465 * JCC+ 0.57                                                                   (�M) 

���&�� Z,�' [���T  ��
 { �!��   
P = 0.1485 * JCC + 0.90 + S pattern                                                (�N) 

) ��f�� "$��f�S :Mm{�X)J$ /Z?� 4��(  
� �V����� Z,�' [���T  {�!�� 

P = 0.1485 * JCC + 0.59                                                                   (�r) 

� Z,�' [���T�' �– �!�� 2(CIF)  
P = 0.1485 * JCC+ A                                                                        (�m) 

0.6 =< A <= 0.9 
)4���� *������� [�����T ���5� \��+ Z��,�'  ��m/�X 6�V���� � )J$ O/N)J$ / 6�������
B.T.U) X/s=A (Z�� "�( &T�# �2� )$. )F
�9� �NYO(  

                                                     
1. Fvee On Boond (FOB) 
2. Cost Insurance and Freight (CIF) 
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I.������� 	L�
  ��	A���� ��� ��!� ���� � /;���� 	A���>  
 �� ��# E��	� � 6�&��,l�7 �� ��# ��$)�� ��l�7 � ��# ��)$�R �E�= [�= )$

@�! � "�( �5�A� V�� 6�&���)� � ��# ��)$�R l Z�� )��'�� 6��bQ� � 6�b5��)`1  ����
��  �� $�(I����  [��MssY$�( ��,H  . )$ [��MssO�H�,b�   $��=O/m  $)�����

� 6��5� �� ��# S	p��&� �l�7 + �( )$�R  61 �� @�! [�� � ZC��}/�Y @5�VT� �R)$ 
 � Z�� &(�$�Ns ��# S	p��&� 6�����  V�� � 6��bQ� � 6�b5��)`1 ���# �1�� S
�' )$

"�( )$�R 6�&���)� Z��)�,�=)6��1 � �A� � �NYO( .&T) )�4� [���T��)$�R ����   ��#
� [���T � �$�5� )���� Z��C( �+�7 ��$)�$ �!�)� F��� )$ ��# � . �)�R � [���T �5�

� �C5�F7 <5` <4(��  �(��: )&H)V�� �NYm(  

Pn=P0[0.35(
05.1

5.1

FO

FO
) + 0.35(

05.3

5.3

FO

FO
)+ 0.30(

0GO

GO
)]                       (�O) 

 [���T �5� )$:  
Pn = �5 �7 �� 6����� �� )J$ S�= �� ��# �$�$)��' Z,�'  
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�9�( �� :5 �� �5$�F� �#� ���  � J�� [���T �(�� �&,+ � 5�! [�� )��F� ����
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�$ 6VQ� �� [�� )$ S	p��&� $)�����  $��1�5���W&?# V��  G�b�� [�= )$ Z�� .

 [�� �� $)�$ �%' 6�&��,+�7Mss} Z,�'  ���)��+ � ���A/ K�� *����� � $��1 �) ��#
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        �9�( + �7)�R )$ �v�T [���T *��� ��JCC � Os   ������ 4��� �� )$ )J$ 
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 �� ��+                �6�&��+�! ��� �7 6��5� �� ��# <,= �5V� 6$�VT� �� 0! �A&�� )$ � $$�#     Z�,�' ��� 
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1. Corporate Strategies along the LNG Value Added Chain - An Empirical Analysis of the 
Determinants of Vertical Integration, Sophia Rüster and Anne Neumann, September, 2006 
2. Dawning of a New Era, The LNG Story, Henry Lee, Harvard University, 2005. 
3. A Review of the LNG Industry and its economics, 2nd Iran Gas Forum (Workshop), 
Siamak Adibi, Senior Consultant, FACTS Global Energy, 16 June 2008, Tehran, Iran.  
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1. Capital Expenditure. 
2. Cost of Capital. 
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1. NorthWest Shelf. 
2 . Chian National Offshore Oil Corportion (CNOOC) 
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1. A Review of the LNG Industry and its economics, 2nd Iran Gas Forum (Workshop), 
Siamak Adibi, Senior Consultant, FACTS Global Energy, 16 June 2008, Tehran, Iran. 
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1. Capital Expenditure. 
2. Cost of Capital. 
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