
CHAPTER IV
RESULTS AND DISCUSSION

4.1 The general planning model

4 .1 .1  I n p u t  d a ta
T a b le  4 .1  g iv e s  th e  v a lu e  o f  c ru d e  o il c o s t  a n d  a v a i la b le  q u a n t i ty .  T h e  

m e a n  v a lu e s  o f  th e  d e m a n d  a n d  p r i c e  fo r  a ll p r o d u c ts  a n d  th e  s ta n d a r d  d e v ia t io n  o f  
th e s e  v a lu e s  a re  s h o w n  in  T a b le  4 .2  a n d  T a b le  4 .3  r e s p e c t iv e ly .  A ll  o f  th e s e  v a lu e s  
w e r e  e s t im a te d  a n d  ta k e n  f ro m  h is to r ic a l  d a t a  g iv e n  b y  th e  w e b s i te  o f  t h e  E n e r g y  
P o l ic y  a n d  P la n n in g  O f f ic e ,  M in is t r y  o f  E n e rg y  (E P P O , 2 0 0 6 ) .

Table 4.1 C r u d e  o i l  c o s t  a n d  a v a i l a b l e  q u a n t i t y

Crude oil
Cost ( ร /bbl) Max Volume 

(m3/month)
Min Volume 
(m3/month)Time 

period 1
Time 

period 2
Time 

period 3
O m a n  (O M ) 5 6 .3 8 6 4 .1 6 5 8 .0 3 N o  l im it 0
T a p is  (T P ) 6 5 .5 6 7 2 .7 2 6 5 .2 4 N o  l im it 0
L a b u a n  (L B ) 6 2 .3 1 6 5 .7 3 6 3 .2 4 9 5 ,3 9 2 .2 0
S é r ia  l ig h t  
( S L E B ) 6 2 .3 1 6 5 .7 3 6 3 .2 4 9 5 ,3 9 2 .2 0
P h e t  (P H E T ) 5 8 .0 3 6 3 .6 5 5 8 .1 2 5 7 ,2 3 5 .3 2 0
M u r b a n  (M B ) 5 9 .7 4 6 7 .1 3 6 3 .0 4 9 5 ,3 9 2 .2 0
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Table 4.2 Product dem and and price

P r o d u c t P r o d u c t  d e m a n d  (m 3 ) P r o d u c t  p r ic e  ($ /b b l)
P e r io d

1
P e r io d

2
P e r io d

3
P e r io d

1
P e r io d

2
P e r io d

3
L P G 3 8 ,0 2 0 4 2 ,3 6 8 4 4 ,1 8 5 3 2 .6 4 3 1 .4 9 3 0 .8

S U P G 3 5 ,3 6 5 3 7 ,1 5 5 3 9 ,0 9 3 7 1 .8 7 8 3 .7 6 6 2 .6 3
IS O G 2 4 ,1 7 3 2 2 ,5 3 0 2 2 ,0 6 3 7 3 .7 4 8 5 .7 5 6 4 .5 3
JP -1 3 8 ,6 9 3 3 5 ,8 9 8 3 8 ,3 7 3 8 0 .6 3 8 8 .6 8 8 0 .5 4
H S D 1 6 0 ,6 5 3 1 4 9 ,2 1 0 1 4 7 ,9 3 3 7 6 .9 8 8 8 .3 3 7 5 .1 5
F O I 5 6 ,8 2 3 5 4 ,9 6 0 3 4 ,5 0 3 5 5 .21 5 6 .3 5 4 7 .4 7
F 0 2 5 6 ,8 2 3 5 4 ,9 6 0 3 4 ,5 0 3 55 .21 5 6 .3 5 4 7 .4 7

F O V S 5 6 ,8 2 3 5 4 ,9 6 0 3 4 ,5 0 3 55 .21 5 6 .3 5 4 7 .4 7

Table 4.3 S ta n d a r d  d e v ia t io n  o f  d e m a n d  a n d  p r ic e

Description L P G S U P G IS O G JP -1 H S D F O I F 0 2 F O V S

D e m a n d m 3 3 ,0 4 9 2 ,0 6 4 1 ,3 1 0 2 ,2 7 2 1 0 ,2 6 7 1 1 ,5 1 7 1 1 ,5 1 7 1 1 ,5 1 7
P r ic e us$/bbl 1.45 9 .8 2 9 .8 8 6 .3 2 8 .11 5 .6 0 5 6 0 5 .6 0

4 .1 .2  T h e  g e n e r a l  d e t e r m i n i s t i c  m o d e l  r e s u l t s
O p t im iz a t io n  r e s u l t s  o f  th e  g e n e ra l  d e te r m in is t ic  m o d e l  u s in g  m e a n  v a lu e s  

s h o w  a  G ro s s  R e f in e r y  M a r g in  ( G R M )  o f  U S $ M  9 .5 7 4  w i th  7 5 4  v a r ia b le s  a n d  6 5 5  
c o n s tr a in ts .  T h e  a m o u n t  o f  th e  c r u d e  o il  p u rc h a s e d  is  s h o w n  in  T a b le  4 .4  a n d  th e  
p e r c e n ta g e  o f  t h e  c ru d e  o i l  f e d  to  e a c h  C D U  is  s h o w n  in  T a b le  4 .5 .
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Table 4.4 V o lu m e  a n d  p e rc e n ta g e  o f  p e t ro le u m  p u rc h a s e d  fo r  e a c h  p e r io d  f r o m  th e  
g e n e r a l  d e te r m in is t i c  m o d e l  (m 3)

C r u d e
o il

A v a i la b le
Q u a n t i ty

P e r io d  1 P e r io d  2 P e r io d  3
(m 3) (% ) ๙ ) (% ) ( m 3) (% )

O M N o  l im i t 1 7 6 ,0 6 5 3 6 .3 0 2 1 1 ,9 3 7 3 7 .0 3 1 1 7 ,9 6 6 2 9 .6 3
T P N o  l im i t 0 0 .0 0 1 7 ,0 0 4 2 .9 7 0 0 .0 0
L B 9 5 ,3 9 2 9 5 ,3 9 2 1 9 .6 7 9 5 ,3 9 2 1 6 .6 7 9 5 ,3 9 2 2 3 .9 6

S L E B 9 5 ,3 9 2 6o '9 3 8 1 2 .5 6 9 5 ,3 9 2 1 6 .6 7 9 5 ,3 9 2 2 3 .9 6
P H E T 5 7 ,2 3 5 5 7 ,2 3 5 1 1 .8 0 5 7 ,2 3 5 1 0 .0 0 5 7 ,2 3 5 1 4 .3 8

M B 9 5 ,3 9 2 9 5 ,3 9 2 1 9 .6 7 9 5 ,3 9 2 1 6 .6 7 3 2 ,1 5 8 8 .0 8
T o ta l 4 8 5 ,0 2 2 1 0 0 .0 0 5 7 2 ,3 5 3 1 0 0 .0 0 3 9 8 ,1 4 3 1 0 0 .0 0
T o ta l
(k b d ) 1 0 1 .6 9 1 2 0 .0 0 8 3 .4 7
G R M 9 .5 7 4  U S $ M

Table 4.5 P e r c e n ta g e  o f  c ru d e  f e d  to  e a c h  C D U

C r u d e  o il
P e r io d  1 P e r io d  2 P e r io d  3

C D U 2 C D U 3 C D U 2 C D U 3 C D U 2 C D U  3
O M 1 2 .6 4 5 1 .6 4 1 2 .8 9 4 9 .1 0 1 2 .8 8 4 3 .2 1
T P 0 .0 0 0 .0 0 7 .11 0 .9 0 0 .0 0 0 .0 0
L B 3 1 .7 0 1 1 .8 7 5 0 .0 0 0 .0 0 3 8 .0 2 1 2 .5 6

S L E B 2 5 .6 6 4 .0 7 0 .0 0 2 5 .0 0 1 6 .9 9 2 9 .6 1
P H E T 3 0 .0 0 0 .0 0 3 0 .0 0 0 .0 0 3 2 .1 1 0 .0 0

M B 0 .0 0 3 2 .4 2 0 .0 0 2 5 .0 0 0 .0 0 1 4 .6 2
T o ta l 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 %

T o ta l  (k b d ) 4 0 .0 0 6 1 .6 9 4 0 .0 0 8 0 .0 0 3 7 .3 7 4 6 .1 1

F r o m  t h e  g e n e r a l  d e t e r m i n i s t i c  m o d e l  r e s u l t .  C r u d e  L B ,  P H E T ,  a n d  M B  
a r e  p u r c h a s e d  a t  t h e  m a x i m u m  a v a i l a b l e  q u a n t i t y .  C r u d e  P H E T  is  f e d  t o  C D U 2  
o n ly  d u e  t o  t h e  l i m i t a t i o n  o f  u n i t .  In  a d d i t i o n  P H E T  is  n o t  s u i t a b l e  f o r  t h e  
p r o d u c t i o n  o f  F O I  a n d  F 0 2  ( l o w  p o u r  p o in t  f u e l  o i l )  f r o m  C D U 3  b e c a u s e  it  
h a s  t h e  h ig h  p o u r  p o i n t  a n d  l o w  v i s c o s i t y  f a c t o r  @ 5 0 C  ( V 5 0 )  in  t h e  f u e l  o i l
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p o r t i o n .  F r o m  T a b le  4 .5 ,  O M  is  t h e  m a jo r  s u p p ly  f o r  C D U 3  s i n c e  i t  g i v e s  t h e  
b e s t  p r o p e r t y  n e e d e d  f o r  l o w  p o u r  p o in t  f u e l  o i l  ( F O I  a n d  F 0 2 )  p r o d u c t i o n  o f  
C D U 3 .  T h e  s m a l l e s t  a m o u n t  o f  c r u d e  o i l  u s e d  i s  t h a t  o f  T P  c r u d e  b e c a u s e  o f  
i t s  h i g h e s t  c o s t .  I t  is  c h o s e n  in  t im e  p e r io d  2  d u e  t o  t h e  h ig h e r  p r o d u c t  p r i c e  in  
t h i s  p e r i o d .

4 .1 .3  T h e  G e n e ra l  S to c h a s t ic  M o d e l  R e s u l t s
T h e  g e n e ra l  s to c h a s t ic  m o d e l ta k e s  in to  a c c o u n t  o f  u n c e r ta in ty  in  

d e m a n d  a n d  p r ic e  o f  p r o d u c ts .  T h e  m o d e l  w a s  s o lv e d  fo r  d i f f e r e n t  2 0 0  s c e n a r io s .  T h e  
d e m a n d  a n d  p r ic e  w e r e  r a n d o m ly  g e n e ra te d  in d e p e n d e n t ly  b y  s a m p l in g  f ro m  a  
n o r m a l  d is t r ib u t io n  w i th  m e a n  v a lu e s  a n d  s ta n d a r d  d e v ia t io n  a s  s h o w n  in  T a b le  4 .2  
a n d  T a b le  4 .3 .

T h e  m e th o d o lo g y  u s e d  is  b a s e d  o n  r u n n in g  th e  d i f f e r e n t  2 0 0  s c e n a r io s  
u s in g  th e  d if f e r e n t  u n c e r ta in  p a ra m e te r s  fo r  e a c h  s c e n a r io .  T h e  f i r s t  s ta g e  v a r ia b le s  
o b ta in e d  a re  f ix e d  a n d  th e n  th e  s a m e  m o d e l  is  ru n  a g a in  u n d e r  d i f f e r e n t  s c e n a r io s  to  
s e e  th e  r e s u l ts  o f  s e c o n d  s ta g e  v a r ia b le s .  T h e  r e s u l ts  o f  th e  c r u d e  o il p u r c h a s e d  
o b ta in e d  f ro m  b e s t  d e s ig n  is  s h o w n  in  T a b le  4 .6 .

Table 4.6 V o lu m e  a n d  p e r c e n ta g e  o f  p e t r o le u m  p u r c h a s e d  fo r  e a c h  p e r io d  f r o m  th e  
g e n e r a l  s to c h a s t i c  m o d e l .

C r u d e
o il

A v a i la b le
Q u a n t i ty

P e r io d  1 P e r io d  2 P e r io d  3
( m 3) (% ) ( m 3) (% ) ( m 3) (% )

O M N o  l im i t 2 1 1 ,9 3 7 3 7 .0 3 2 1 1 ,9 3 7 3 7 .0 3 1 2 6 ,1 2 5 3 0 .2 9
T P N o  l im i t 1 7 0 0 4 .3 2 .9 7 1 7 ,0 0 4 2 .9 7 0 0 .0 0
L B 9 5 ,3 9 2 9 5 ,3 9 2 1 6 .6 7 9 5 ,3 9 2 1 6 .6 7 9 5 ,3 9 2 2 2 .9 1

S L E B 9 5 ,3 9 2 9 5 ,3 9 2 1 6 .6 7 9 5 ,3 9 2 1 6 .6 7 9 5 3 9 2 2 2 .9 1
P H E T 5 7 2 3 5 5 7 ,2 3 5 1 0 .0 0 5 7 ,2 3 5 1 0 .0 0 5 7 ,2 3 5 1 3 .7 5

M B 9 5 ,3 9 2 9 5 ,3 9 2 1 6 .6 7 9 5 3 9 2 1 6 .6 7 4 2 ,2 0 2 1 0 .1 4
T o ta l 5 7 2 .3 5 3 1 00 5 7 2 ,3 5 3 1 00 4 1 6 ,3 4 7 1 0 0
T o ta l
(k b d ) 120 120 8 7 .2 9
G R M 15 .131  U S $ M
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Figure 4.1 R is k  c u r v e s  o f  th e  d e te r m in is t ic  a n d  s to c h a s t ic  m o d e l  s o lu t io n s .

F ig u r e  4.1  d e m o n s t r a te s  th e  r is k  c u rv e s  o f  th e  s to c h a s t ic  s o lu t io n  a n d  th e  
d e te r m in is t i c  s o lu t io n .  T h e  s to c h a s t i c  s o lu t io n  is  th e  h ig h e s t  E G R M  ta k e n  f r o m  a ll 
s o lu t io n s  o b ta in e d .  T h e  d e te r m in is t i c  r is k  c u r v e  is  c o n s tr u c te d  b y  r u n n in g  th e  
s to c h a s t i c  m o d e l  u n d e r  e a c h  s c e n a r io  w i th  th e  f i r s t  s ta g e  v a r ia b le  f ix e d  to  th a t  o f  th e  
d e te r m in is t i c  m o d e l  r e s u l t .  T h e  E G R M  o b ta in e d  f ro m  th e  d e te r m in is t i c  m o d e l  u n d e r  
2 0 0  s c e n a r io s  o f  u n c e r ta in  p a r a m e te r s  is  d i f f e r e n t  f ro m  th a t  o f  th e  d e te r m in is t i c  
m o d e l  w i th  1 s c e n a r io .  T h is  c a n  b e  d e s c r ib e d  th a t  it  is  b e c a u s e  th e  u n c e r ta in ty  is  
ta k e n  in to  a c c o u n t  in  th e  2 0 0  s c e n a r io s  c a s e  so . th e  E G R M  o b ta in e d  u n d e r  
u n c e r t a in ty  m a y  d i f f e r e n t  f ro m  w h a t  p r e d ic te d  b y  th e  d e te r m in is t i c  m o d e l .  In  th is  
c a s e  i t  i s  h ig h e r ,  b u t  in  f a c t ,  i t  m a y  b e  h ig h e r  o r  lo w e r .  H o w e v e r ,  th e  p lo t  s h o w s  th a t  
th e  d e t e r m in i s t i c  s o lu t io n  p r o v id e s  a  lo w e r  E G R M  th a n  th e  s to c h a s t ic  s o lu t io n  w i th  a  
h ig h e r  r is k .

4.2 The Planning Model with Pricing

4 .2 .1  E f f e c ts  o f  p r ic e - d e m a n d  r e la t io n  fa c to r s
D i f f e r e n t  v a lu e s  o f  t h r e e  fa c to rs  o f  p r ic e - d e m a n d  r e la t io n ,  a l p h a ( a ) ,  

b e ta ( /? )  a n d  r h o ( p ) ,  a re  s e t  to  th e  p r ic in g  m o d e l  a n d  th e ir  r e s u l t s  a re  c o m p a r e d  to  s e e  
th e i r  r o l e s  in  th e  m o d e l .  D if f e r e n t  m a r k e t  s h a re s  o f  p r o d u c t  d e m a n d  a re  o b ta in e d  w ith  
th e s e  v a r io u s  f a c to r s .  F ig u r e  4 .2  s h o w s  th e  d e m a n d  r a t io ,  w h ic h  is  th e  d e m a n d  o f
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p r o d u c t  1 d iv id e d  b y  c o m p e t i t io n  p r o d u c t  d e m a n d , o b ta in e d  f ro m  d if f e r e n t  v a lu e s  o f  
a  a n d  th e  r e s u l ts  o f  p  is  s h o w n  in  F ig u r e  4 .3 .

F r o m  F ig u re  4 .2 ,  th e  d e m a n d  r a t io  o f  p r o d u c t  1 c o m p a r e d  to  
c o m p e t i t io n  p r o d u c t  in c r e a s e s  a s  th e  v a lu e  o f  a  in c re a s e . B e c a u s e  a  is  a  m e a s u r e  o f  
h o w  m u c h  th e  c o n s u m e r  p o p u la t io n  a w a re  o f  th e  q u a li ty  o f  p ro d u c t  1 so  w h e n  a  
i n c r e a s e s ,  p e o p le  w o u ld  te n d  to  b u y  m o r e  p r o d u c t  1. A n d  w h e n  GF= 1, k n o w le d g e  o f  
p r o d u c t  1 is  e q u a l  to  th a t  o f  c o m p e t i t io n  p r o d u c t  so , th e y  c o n s u m e  th e  p r o d u c t  1 a s  
m u c h  a s  th e  c o m p e t i t io n  o n e . T h is  m a k e s  th e  d e m a n d  o f  b o th  p ro d u c ts  e q u a l  to  e a c h  
o th e r .

T h e  r e s u l ts  o f  p  a re  s h o w n  in  F ig u re  4 .3 .  W h e n  th e  v a lu e  o f  p  
i n c r e a s e s ,  th e  d e m a n d  ra t io  d e c r e a s e s .  T h is  c a n  b e  d e s c r ib e d  th a t  p  is  a  m e a s u r e  h o w  
m u c h  a  c o n s u m e r  p r e f e r s  p r o d u c t  1 to  c o m p e t i t io n  p r o d u c t  so , w i th  a  h ig h e r  p, a  
la r g e r  a m o u n t  o f  p r o d u c t  1 i s  c o n s u m e d . W h e n  p  = 1 a  c o n s u m e r  w o u ld  th in k  o f  
p r o d u c t  1 a s  s a m e  a s  c o m p e t i t io n  p r o d u c t  a n d  so , th e ir  c o n s u m p tio n s  a r e  e q u a l .

F ig u r e  4 .4  s h o w s  th e  d e m a n d  r a t io s  o b ta in e d  b y  v a ry in g  v a lu e s  o f  p .  
W ith  p  = -1 th e  d e m a n d  r a t io  is  a b o u t  1 .4 :1  a n d  th e n  d e c r e a s e s  to  1:1 w i th  p  = 0 . 
W h e n  p  i s  a p p r o a c h e d  to  1 , t h e  d e m a n d  o f  c o m p e t i t i o n  p r o d u c t  i s  a b o u t  z e r o .  
T h i s  i s  b e c a u s e  t h e  e l a s t i c i t y  o f  s u b s t i t u t i o n  u t i l i t y  ( OES ) =  l / (  p - 1 )  a n d  w i th  
p —>\, (Te s —* 00 - W h e n  th e  e la s t i c i ty  o f  s u b s t i tu t io n  is  in f in i ty ,  th e  c o n s u m p t io n  o f  o n e  
p r o d u c t  c o u ld  n o t  b e  r e p la c e d  b y  c o n s u m p t io n  o f  th e  o th e r  o n e  so , th e  d e m a n d  o f  
c o m p e t i t io n  p r o d u c t  is  a b o u t  z e r o  in  th e  la s t  c a se .

4 .2 .2  I n p u t  d a ta
F o r  t h e  p l a n n i n g  m o d e l  w i th  p r i c in g ,  t h r e e  f a c t o r s  o f  t h e  p r i c e -  

d e m a n d  r e l a t i o n  ( a ,  p  a n d  p )  a r e  s e t  to  b e  1 .0 ,  1 .0  a n d  0  r e s p e c t i v e l y .  T a b l e  4 .7  
s h o w s  t h e  c o m p e t i t i o n  p r o d u c t  p r i c e  a n d  t h e  t o t a l  d e m a n d  o f  p r o d u c t .  T h e  
c o n s u m e r  b u d g e t  is  s h o w n  in  T a b l e  4 .8 .  T a b le  4 .9  s h o w s  t h e  s t a n d a r d  
d e v i a t i o n  o f  t h e  t o t a l  d e m a n d  a n d  c o n s u m e r  b u d g e t .
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Table 4.7 T he c o m p e titio n  p ro d u c t p rice  an d  the  to ta l d em an d  o f  p ro d u c t

Product Competition product price ($/bbl) Total demand of product (m3)
Period 1 Period 2 Period 3 Period 1 Period 2 Period 3

L P G 3 2 .6 4 3 1 .4 9 3 0 .8 7 6 ,0 4 0 8 4 ,7 3 5 8 8 ,3 7 0
ร บ P G 7 1 .8 7 8 3 .7 6 6 2 .6 3 7 0 ,7 3 0 7 4 ,3 1 0 7 8 ,1 8 5

I S O G 7 3 .7 4 8 5 .7 5 6 4 .5 3 4 8 ,3 4 5 4 5 ,0 6 0 4 4 ,1 2 5

J P -1 8 0 .6 3 8 8 .6 8 8 0 .5 4 7 7 ,3 8 5 7 1 ,7 9 5 7 6 ,7 4 5

H S D 7 6 .9 8 8 8 .3 3 7 5 .1 5 3 2 1 ,3 0 5 2 9 8 ,4 2 0 2 9 5 ,8 6 5

F O I 5 5 .2 1 5 6 .3 5 4 7 .4 7 1 1 3 ,6 4 5 1 0 9 ,9 2 0 6 9 ,0 0 5

F 0 2 5 5 .2 1 5 6 .3 5 4 7 .4 7 1 1 3 ,6 4 5 1 0 9 ,9 2 0 6 9 ,0 0 5

F O V S 5 5 .2 1 5 6 .3 5 4 7 .4 7 1 1 3 ,6 4 5 1 0 9 ,9 2 0 6 9 ,0 0 5



Table 4.8 C o n s u m e r  B u d g e t  in  t im e  p e r i o d  t

Product Consumer budget (ร)
Period 1 Period 2 Period 3

L P G 1 5 ,6 1 0 ,0 0 0 1 6 ,7 8 3 ,0 0 0 1 7 ,1 1 9 ,0 0 0

ร บ P G 3 1 ,9 7 3 ,0 0 0  '• 3 9 ,1 4 9 ,0 0 0 3 0 ,7 9 9 ,0 0 0

I S O G 2 2 ,4 2 2 ,0 0 0 2 4 ,3 0 3 ,0 0 0 1 7 ,9 0 9 ,0 0 0

J P -1 3 9 ,2 4 5 ,0 0 0 4 0 ,0 4 5 ,0 0 0 3 8 ,8 7 7 ,0 0 0
H S D 1 5 5 ,5 7 2 ,0 0 0 1 6 5 ,7 9 6 ,0 0 0 1 3 9 ,8 4 9 ,0 0 0

F O I 3 9 ,4 6 4 ,0 0 0 3 8 ,9 5 9 ,0 0 0 2 0 ,6 0 3 ,0 0 0

F 0 2 3 9 ,4 6 4 ,0 0 0 3 8 ,9 5 9 ,0 0 0 2 0 ,6 0 3 ,0 0 0

F O V S 3 9 ,4 6 4 ,0 0 0 3 8 ,9 5 9 ,0 0 0 2 0 ,6 0 3 ,0 0 0



Table 4.9 Standard deviation o f  total dem and and consum er budget

Description LPG รบPG ISOG JP-1 HSD FOI F02 FOVS
T o ta l  d e m a n d m3 2 4 ,2 0 4 .4 8 1 8 ,8 9 1 .8 8 1 2 ,8 6 9 .7 6 2 0 ,3 7 7 .9 6 6 1 ,1 8 1 .0 5 3 3 ,2 9 7 .5 0 2 7 ,6 9 3 .5 4 3 6 ,2 5 4 .6 9

C o n s u m e r  b u d g e t U S $ M 4 .2 4 8 .2 0 6 .1 8 9 .1 5 3 4 .5 5 9 .7 0 9 .7 0 9 .7 0
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4 .2 .3  T h e  d e te r m in is t i c  m o d e l  w i th  p r ic in g  r e s u l ts
O p t im iz a t io n  r e s u l ts  o f  th e  d e te r m in is t i c  m o d e l  w i th  p r i c in g  s u g g e s t  a  

h ig h e r  G ro s s  R e f in e r y  M a r g in  (G R M ) th a n  th a t  o f  th e  g e n e ra l  d e te r m in is t i c  m o d e l .  
T h e  E G R M  o b ta in e d  f ro m  th is  p r ic in g  m o d e l  is  o f  U S $ M  1 0 .7 1 2  w i th  1 5 9  d is c r e te  
v a r ia b le s .  T a b le  4 .1 0  s h o w s  th e  p ro d u c t  d e m a n d  a n d  p r ic e  p re d ic te d  a n d  s u g g e s te d  
b y  th e  d e te r m in is t ic  p r ic in g  m o d e l .  T h e  a m o u n t  o f  c r u d e  o il  p u rc h a s e d  c o r r e s p o n d e d  
to  th e  p re d ic te d  d e m a n d  is  s h o w n  in  T a b le  4 .1 1 .

Table 4.10 P r o d u c t  d e m a n d  a n d  p r ic e  fo r  e a c h  t im e  p e r io d  from th e  d e te r m in is t i c  
p r ic in g  m o d e l

P r o d u c t P r o d u c t  p r i c e  ( $ /b b l ) D e m a n d  o f  p r o d u c t  ( m 3)
P e r io d

1
P e r io d

2
P e r io d

3 P e r io d  1 P e r io d  2 P e r io d  3
L P G 3 3 .0 0 3 1 .6 0 3 0 .6 0 3 8 ,0 2 0 .0 0 4 2 ,3 6 7 .5 0 4 4 ,1 8 5 .0 0

ร บ P G 7 1 .0 0 8 3 .6 0 6 2 .3 0 3 5 ,3 6 5 .0 0 3 7 ,1 5 5 .0 0 3 9 ,0 9 2 .5 0
I S O G 7 4 .3 0 8 6 .0 0 6 4 .6 0 2 4 ,1 7 2 .5 0 2 2 ,5 3 0 .0 0 2 2 ,0 6 2 .5 0
J P -1 7 9 .7 0 8 7 .7 0 7 9 .7 0 3 8 ,6 9 2 .5 0 3 5 ,8 9 7 .5 0 3 8 ,3 7 2 .5 0
H S D 7 7 .0 0 8 9 .0 0 7 5 .7 0 1 6 0 ,6 5 2 .5 0 1 4 9 ,2 1 0 .0 0 1 4 7 ,9 3 2 .5 0
F O I 5 5 .6 0 5 7 .0 0 4 7 .7 0 5 6 ,8 2 2 .5 0 5 4 ,9 6 0 .0 0 3 4 ,5 0 2 .5 0
F 0 2 5 4 .6 0 5 6 .3 0 4 7 .7 0 - 5 6 ,8 2 2 .5 0 5 4 ,9 6 0 .0 0 3 4 ,5 0 2 .5 0

F O V S 5 5 .6 0 5 7 .0 0 4 7 .7 0 5 6 ,8 2 2 .5 0 5 4 ,9 6 0 .0 0 3 4 ^ 5 0 2 .5 0
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T a b l e  4 .1 1  V o lu m e  a n d  p e r c e n ta g e  o f  p e t r o le u m  p u rc h a s e d  fo r  e a c h  p e r io d  f ro m  
th e  d e te r m in is t i c  p r ic in g  m o d e l

C r u d e
o il

A v a i la b le P e r io d  1 P e r io d  2 P e r io d  3
Q u a n ti ty (m 3) (% ) ( m 3) (% ) ( m 5) (% )

O M N o  l im it 1 7 5 ,9 6 9 3 6 .1 2 3 5 2 1 1 ,9 3 7 3 7 .0 2 9 1 1 1 7 ,9 6 5 2 9 .6 2 9
T P N o  lim it 0 0 1 7 ,0 0 4 2 .9 7 0 9 4 0 0
L B 9 5 ,3 9 2 6 3 ,1 4 4 1 2 .9 6 2 3 9 5 ,3 9 2 1 6 .6 6 6 7 9 5 ,3 9 2 2 3 .9 5 9 3

S L E B 9 5 ,3 9 2 9 5 ,3 9 2 1 9 .5 8 2 4 9 5 ,3 9 2 1 6 .6 6 6 7 9 5 ,3 9 2 2 3 .9 5 9 3
P H E T 5 7 ,2 3 5 5 7 ,2 3 5 1 1 .7 4 9 4 5 7 ,2 3 5 10 5 7 ,2 3 5 1 4 .3 7 5 6

M B 9 5 ,3 9 2 9 5 ,3 9 2 1 9 .5 8 2 4 9 5 ,3 9 2 1 6 .6 6 6 7 3 2 ,1 5 7 8 .0 7 6 7 9
T o ta l 4 8 7 ,1 3 3 100 5 7 2 ,3 5 3 1 00 3 9 8 ,1 4 2 1 0 0
T o ta l
(k b d ) 1 0 2 .1 3 1 2 0 .0 0 8 3 .4 7
G R M 1 0 .7 1 2  U S $ M

T h e  r e s u l ts  o f  th e  d e te r m in is t i c  p r ic in g  m o d e l  s u g g e s t  a  h ig h e s t  E G R M  o f  
1 0 .7 1 2  U S $ M  w ith  i s  n e a r  th e  r e s u l ts  o f  th e  g e n e ra l  d e te r m in is t ic  m o d e l .  T h e  
a l p h a ( a ) ,  b e t a (/?) a n d  r h o ( p )  in  th i s  m o d e l  a re  s e t  to  th e  c a s e  th a t  g iv e  th e  e q u a l  
d e m a n d  o f  tw o  p ro d u c ts .  S o  th e  d e m a n d  o f  p r o d u c t  1 p re d ic te d  b y  th e  m o d e l  is  a b o u t  
o n e - h a l f  o f  th e  to ta l  p r o d u c t  d e m a n d .

4 .2 .4  T h e  s to c h a s t ic  m o d e l  w i th  p r ic in g  r e s u l ts
T h e  s to c h a s t ic  m o d e l  ta k e s  in to  a c c o u n t  th a t  th e  to ta l  d e m a n d  o f  

p r o d u c ts  a n d  th e  c o n s u m e r  b u d g e t  a re  u n c e r ta in .  T h e  m o d e l  w a s  s o lv e d  fo r  5 0  
s c e n a r io s .  T h e s e  s c e n a r io s  a re  c o m p u te d  a s s u m in g  th a t  t h e  to ta l  d e m a n d  a n d  
c o n s u m e r  b u d g e t  f o l lo w  a  n o rm a l  p r o b a b i l i ty  d is t r ib u t io n  w i th  m e a n  a n d  s ta n d a r d  
d e v ia t io n  g iv e n  in  T a b le  4 .7 ,  4 .8  a n d  4 .9 .

T a b le  4 .1 2  a n d  T a b le  4 .1 3  d is p la y  th e  r e s u l ts  o f  th e  s to c h a s t i c  m o d e l  
w i th  p r ic in g  d e c is io n .  P r o d u c t  d e m a n d  p r e d ic te d  b y  th e  m o d e l  a n d  p r o d u c t  p r ic e  
s u g g e s te d  b y  th e  m o d e l  a re  s h o w n  in  T a b le  4 .1 2 . T h e  v o lu m e  o f  p e t r o le u m  
p u r c h a s e d  o f  th i s  m o d e l  is  s h o w n  in  T a b le  4 .1 3 .
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T a b l e  4 .1 2  P r o d u c t  d e m a n d  a n d  p r ic e  fo r  e a c h  t im e  p e r io d  f ro m  th e  s to c h a s t ic  
p r i c in g  m o d e l

P r o d u c t P r o d u c t  p r i c e  ( $ / b b l ) D e m a n d  o f  p r o d u c t  ( m 3)
P e r io d

1
P e r io d

2
P e r io d

3 P e r io d  1 P e r io d  2 P e r io d  3
L P G 3 3 .0 0 3 1 .0 0 3 0 .6 0 3 2 ,9 5 8 .0 0 5 1 ,3 9 0 .0 0 4 4 ,1 2 7 .0 0

S U P G 7 2 .0 0 8 3 .6 0 6 3 .0 0 2 9 ,9 5 0 .5 0 4 0 * 5 2 0 .5 0 3 0 ,4 9 3 .0 0
I S O G 7 3 .6 0 8 6 .0 0 6 4 .6 0 1 5 ,1 6 7 .5 0 2 6 ,6 5 5 .0 0 2 1 * 0 1 7 .5 0
JP -1 8 0 .0 0 8 8 .3 0 8 0 .0 0 3 9 ,9 8 5 .0 0 3 1 ,3 2 4 .0 0 3 1 ,6 1 6 .5 0
H S D 7 7 .3 0 8 9 .0 0 7 5 .3 0 1 2 6 ^ 1 6 5 .5 0 1 1 4 ,4 1 0 .5 0 2 1 3 * 7 5 7 .5 0
F O I 5 5 .6 0 5 7 .0 0 4 7 .3 0 6 0 ,1 7 0 .5 0 4 2 ,6 5 9 .5 0 3 3 ,0 1 4 .0 0
F 0 2 5 5 .0 0 5 6 .3 0 4 7 .7 0 7 6 ,5 6 4 .5 0 6 2 * 0 4 9 .5 0 3 5 * 3 9 0 .5 0

F O V S 5 5 .6 0 5 5 .6 0 4 7 .3 0 5 6 ,8 9 5 .5 0 6 6 * 6 6 7 .5 0 4 6 ,4 0 6 .5 0

T a b l e  4 .1 3  V o lu m e  a n d  p e r c e n ta g e  o f  p e t ro le u m  p u rc h a s e d  fo r  e a c h  p e r io d  f ro m  
th e  s to c h a s t ic  p r ic in g  m o d e l

C r u d e
o il

A v a i la b le P e r io d  1 P e r io d  2 P e r io d  3
Q u a n t i ty ( m 3) (% ) ( m 3) (% ) ( m 3) (% )

O M N o  l im it 2 0 7 ,7 9 6 3 7 .4 0 2 1 1 ,9 3 7 3 7 .0 3 1 0 5 ,3 5 0 2 6 .4 1
T P N o  l im it 4*422 0 .8 0 1 7 ,0 0 4 2 .9 7 1 2 ,8 5 7 3 .2 2
L B 9 5 ,3 9 2 95*392 1 7 .1 7 9 5 ,3 9 2 1 6 .67 9 5 ,3 9 2 2 3 .9 2

S L E B 9 5 ,3 9 2 95*392 1 7 .1 7 9 5 ,3 9 2 1 6 .67 9 5 ,3 9 2 2 3 .9 2
P H E T 57*235 57*235 1 0 .3 0 57*235 1 0 .0 0 57*235 1 4 .3 5

M B 9 5 ,3 9 2 9 5 ,3 9 2 1 7 .1 7 9 5 ,3 9 2 1 6 .67 32*601 8 .1 7
T o ta l 5 5 5* 6 3 0 100 5 7 2 ,3 5 3 100 3 9 8 ,8 2 8 1 0 0
T o ta l
(k b d ) 1 1 6 .4 9 1 2 0 .0 0 8 3 .6 2
G R M 8 .0 4 9  U S $ M

T h e  s o lu t io n s  in  T a b le  4 .1 3  s u g g e s t  th e  h ig h e r  a m o u n t  o f  c ru d e  o il p u r c h a s e d  
in  t im e  p e r io d  1. M a jo r  ty p e s  o f  c ru d e  o il p u rc h a s e d  f ro m  th e  s to c h a s t i c  p r ic in g  
m o d e l  a re  th e  s a m e  a s  th o s e  f ro m  th e  d e te r m in is t ic  p r ic in g  m o d e l .  F r o m  th e  r e s u l ts  
T P  is  s e le c te d  in  t im e  p e r io d  1 a n d  3 b e c a u s e  th e  h ig h e r  d e m a n d  o f  fu e l  o il  in  t im e
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p e r io d  1 a n d  h ig h - s p e e d  d ie se l  in  t im e  p e r io d  3 . T h is  is  b e c a u s e  T P  g iv e s  th e  h ig h  
f r a c t io n  in  fu e l o il a n d  d ie s e l  o il in te rm e d ia te s .
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F i g u r e  4 .5  R is k  c u r v e s  o f  th e  d e te rm in is t ic  a n d  s to c h a s t ic  p r ic in g  m o d e l  s o lu t io n s .

F o r  c o m p a r is o n  p u rp o s e ,  th e  s o lu t io n  o b ta in e d  b y  th e  d e te r m in is t i c  m o d e l  
u s in g  th e  m e a n  v a lu e s  o f  to ta l  d e m a n d  o f  p r o d u c t  a n d  c o n s u m e r  b u d g e t  is  e v a lu a te d  
a g a in s t  th e  s a m e  5 0  s c e n a r io s  o f  s to c h a s t ic  m o d e l  b y  f ix in g  th e  f i r s t - s ta g e  v a r ia b le s  
( a m o u n t  o f  c ru d e  o il p u r c h a s e d )  a n d  c o m p u t in g  th e  s e c o n d - s ta g e  o n e s  w i th  th e  
s to c h a s t i c  fo rm u la t io n .  T h e  r is k  c u rv e  o f  th e  d e te rm in is t ic  p r ic in g  m o d e l  a g a in s t  5 0  
s c e n a r io s  is  c o m p a r e d  w i th  th e  r i s k  c u rv e  o f  th e  s to c h a s t ic  p r ic in g  m o d e l  a s  s h o w n  in  
F ig u r e  4 .5 .  T h is  p lo t  s h o w s  th a t  th e  s to c h a s t ic  s o lu t io n  c a n  p r o v id e  a  h ig h e r  e x p e c te d  
G R M  th a n  th e  d e te r m in is t i c  s o lu t io n  w ith  lo w e r  r is k . N o tic e  th a t  th e  e x p e c te d  G R M  
s u g g e s te d  b y  th e  s to c h a s t i c  p la n n in g  m o d e l  w i th  p r ic in g  is  lo w e r  th a n  th a t  o f  th e  
s to c h a s t i c  m o d e l  w i th o u t  p r ic in g . T h is  is  b e c a u s e  th e  d if fe re n c e  in  h o w  th e  d e m a n d  
a n d  p r ic e  o f  p ro d u c t  a r e  g e n e ra te d . In  th e  g e n e ra l  s to c h a s t ic  m o d e l ,  d e m a n d  a n d  p r ic e  
o f  p r o d u c t  a re  g e n e ra te d  in d e p e n d e n t ly  fo r  e a c h  s c e n a r io  a s  th e  u n c e r ta in  p a r a m e te r s .  
H o w e v e r ,  in  th e  s to c h a s t i c  m o d e l  w i th  p r ic in g ,  th e  d e m a n d  a n d  p r ic e  a re  th e  m o d e l  
v a r ia b le s .  P r o d u c t  d e m a n d  is  p re d ic te d  c o r r e s p o n d in g  to  w h ic h  d is c r e te  p r ic e  is  
s e le c te d  to  m a x im iz e  th e  e x p e c te d  G R M  a n d  th is  le a d s  to  th e  d i f f e r e n c e  in  th e  
a v e r a g e  e x p e c te d  G R M . H o w e v e r ,  it a p p e a re d  th a t  th e  re s u lts  o f  th e  p r ic in g  m o d e l  
c a n  f i t  b e t te r  w i th  th e  r e a l  s i tu a t io n s  so  it  is  m o r e  re l ia b le  w h e n  c o m p a r e d  to  th e  n o n ­
p r ic in g  o n e .
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4.3 Financial risk management

A lth o u g h  s to c h a s t ic  m o d e ls  o p t im iz e  th e  to ta l  e x p e c te d  G R M , th e y  d o  n o t  
p r o v id e  a n y  c o n tr o l  o f  t h e i r  v a r ia b i l i ty  o v e r  th e  d if f e r e n t  s c e n a r io s ;  i .e . ,  th e y  a s s u m e  
th a t  th e  d e c is io n  m a k e r  is  r i s k  n e u tr a l .  A c tu a l ly ,  d if f e r e n t  a t t i tu d e s  to w a r d  r i s k  m a y  
b e  e n c o u n te r e d .  In  th is  s e c t io n ,  a p p ro a c h  to  m a n a g e  f in a n c ia l  r is k  is  a p p l ie d  to  
c o m p a r e  th e  r e s u l ts .

T h e  a l t e r n a t iv e  p la n  th a t  c a n  r e d u c e  r is k  w a s  c o n s id e re d . F ig u re  4 .6  s h o w s  
th e  r i s k  c u r v e s  o f  th is  p la n  c o m p a r e d  w ith  th e  s to c h a s t ic  so lu tio n . T h is  p la n  s u g g e s ts  
a  l o w e r  a m o u n t  o f  c ru d e  o il  p u r c h a s e d  in  t im e  p e r io d  1 a n d  3 a s  s h o w n  in  T a b le  4 .1 4 .

F i g u r e  4 .6  R is k  c u rv e s  o f  th e  s to c h a s t ic  p r ic in g  s o lu t io n  a n d  th e  a l t e r n a t iv e  s o lu t io n  
w i th  lo w e r  V a lu e  a t  R is k  (V a R ) .

F r o m  th e  a b o v e  f ig u r e ,  d e c r e a s in g  in  c ru d e  o il p u rc h a s e d  r e s u l te d  in  lo w e r  
r i s k  a t  lo w  ta r g e t s  b u t  w i th  a  lo w e r  c h a n c e  to  m a k e  a  h ig h e r  p ro fit. V a lu e  a t  R is k  (a t  
5% ) a n d  O p p o r tu n i ty  V a lu e  (a t  95%) fo r  th e  tw o  c u r v e s  o n  F ig u re  4.6 a re  s h o w n  in  
T a b le  4.15. T h e  V a R  o f  t h e  a l t e r n a t iv e  p la n  r e d u c e s  f ro m  16.65 o f  th e  s to c h a s t ic  
s o lu t io n  to  9.63 o r  42% b u t  th e  o v  is  a ls o  r e d u c e d  f ro m  11.47 to  10.51 o r  8%. 
T h e r e f o r e  th i s  p la n  m a y  b e  p r e f e r r e d  b y  a  r i s k - a v e r s e  d e c is io n  m a k e r .

พcE

GRM (Million US$M)
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T a b l e  4 .1 4  V o lu m e  a n d  p e r c e n ta g e  o f  p e t ro le u m  p u rc h a s e d  fo r  e a c h  p e r io d  f r o m  
th e  a l t e r n a t iv e  s o lu t io n  w i th  lo w e r  r is k

C r u d e
o il

A v a i la b le P e r io d  1 P e rio c 2 P e r io d  3
Q u a n t i ty ( m 3) (% ) (m 3) (% ) ( m 3) (% )

O M N o  l im i t 1 6 9 ,8 0 1 .1 5 3 6 .3 1 2 1 1 ,9 3 7 .0 1 3 7 .0 3 1 3 2 ,3 1 8 .9 5 3 5 .4 4
T P N o  l im it 0 .0 0 0 .0 0 1 7 ,0 0 4 .2 8 2 .9 7 0 .0 0 0 .0 0
L B 9 5 ,3 9 2 9 5 ,3 9 2 .2 0 2 0 .4 0 9 5 ,3 9 2 .2 0 1 6 .6 7 2 2 ,7 5 2 .1 7 6 .0 9

S L E B 9 5 ,3 9 2 4 9 ,7 6 7 .3 1 1 0 .6 4 9 5 ,3 9 2 .2 0 1 6 .6 7 9 5 ,3 9 2 .2 0 2 5 .5 5
P H E T 5 7 ,2 3 5 5 7 ,2 3 5 .3 2 1 2 .2 4 5 7 ,2 3 5 .3 2 1 0 .0 0 5 7 ,2 3 5 .3 2 1 5 .3 3

M B 9 5 ,3 9 2 9 5 ,3 9 2 .2 0 2 0 .4 0 9 5 ,3 9 2 .2 0 1 6 .6 7 6 5 ,6 7 8 .7 7 1 7 .5 9
T o ta l 4 6 7 ,5 8 8 .1 8 1 0 0 5 7 2 ,3 5 3 .2 1 100 3 7 3 ,3 7 7 .4 1 1 0 0
T o ta l
(k b d ) 9 8 .0 3 1 2 0 .0 0 7 8 .2 8
G R M 6 .3 2 9  U S $ M

T a b l e  4 .1 5  V a lu e  a t  R is k  a n d  O p p o r tu n i ty  V a lu e  fo r  th e  a l te rn a t iv e  s o lu t io n  w i th  
lo w e r  r i s k

P la n V a R  (5 % ) o v  (95%)
S to c h a s t ic  S o lu t io n 16.65 1 1 .47

A l te r n a t iv e  S o lu t io n 9.63 10.51

T h e  a l t e r n a t iv e  p la n  th a t  s u g g e s ts  a  h ig h e r  o p p o r tu n i ty  o f  p r o f i t  is  a ls o  
c o n s id e r e d .  F ig u r e  4 .7  s h o w s  th e  r i s k  c u rv e s  o f  th e  a l te rn a t iv e  p la n  w i th  a  h ig h e r  
o p p o r tu n i ty  o f  p r o f i t  c o m p a r e d  w i th  th e  s to c h a s t ic  s o lu t io n . T h e  a m o u n t  o f  c r u d e  o il 
p u r c h a s e d  c o r r e s p o n d in g  to  th is  a l t e r n a t iv e  p la n  is  s h o w n  in  T a b le  4 .1 6 .
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F i g u r e  4 .7  R is k  c u r v e s  o f  th e  s to c h a s t ic  p r ic in g  s o lu t io n  a n d  th e  a l t e r n a t iv e  s o lu t io n  
w i th  h ig h e r  O p p o r tu n i ty  V a lu e  (O V ).

T a b l e  4 .1 6  V o lu m e  a n d  p e r c e n ta g e  o f  p e t r o le u m  p u rc h a s e d  fo r  e a c h  p e r io d  f ro m  
th e  a l t e r n a t iv e  s o lu t io n  w i th  o p p o r tu n i ty  o f  h ig h e r  p ro f i t

C r u d e
o il

A v a i la b le P e r io d  1 P e r io d  2 P e r io d  3
Q u a n t i ty ( m 3) (% ) ( m 3) (% ) ๙ ) (% )

O M N o  l im i t 1 8 1 ,8 6 2 .9 6 3 6 .1 7 2 1 2 ,3 4 5 .8 6 3 7 .1 0 1 2 3 ,2 0 6 .9 9 3 2 .3 8
T P N o  l im i t 0 .0 0 0 .0 0 1 6 ,5 9 5 .4 2 2 .9 0 0 .0 0 0 .0 0
L B 9 5 ,3 9 2 7 2 ,9 3 3 .1 2 1 4 .5 0 9 5 ,3 9 2 .2 0 1 6 .6 7 5 6 ,0 2 3 .1 0 1 4 .7 2

S L E B 9 5 ,3 9 2 9 5 ,3 9 2 .2 0 1 8 .9 7 9 5 ,3 9 2 .2 0 1 6 .6 7 9 5 ,3 9 2 .2 0 2 5 .0 7
P H E T 5 7 ,2 3 5 5 7 ,2 3 5 .3 2 1 1 .3 8 5 7 ,2 3 5 .3 2 1 0 .0 0 5 7 ,2 3 5 .3 2 1 5 .0 4

M B 9 5 ,3 9 2 9 5 ,3 9 2 .2 0 1 8 .9 7 9 5 ,3 9 2 .2 0 1 6 .6 7 4 8 ,6 6 7 .5 7 1 2 .7 9
T o ta l 5 0 2 ,8 1 5 .8 0 1 00 5 7 2 ,3 5 3 .2 0 1 00 3 8 0 ,5 2 5 .1 7 100
T o ta l
(k b d ) 1 0 5 .4 2 1 2 0 .0 0 7 9 .7 8
G R M 7 .8 6 3  U S $ M
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F r o m  F ig tu r e  4 . 7 , T h e  a l te r n a t iv e  p la n  s u g g e s ts  a  h ig h e r  O p p o r tu n i ty  V a lu e  
(O V )  o f  1 4 .1 5  c o m p a r e d  to  1 1 .4 7  o f  th e  s to c h a s t ic  s o lu t io n . It in c r e a s e s  a b o u t  2 3 % . 
T h e  V a R  o f  th e  a l t e r n a t iv e  d e s ig n  a ls o  in c re a s e s  f ro m  1 6 .6 5  to  1 7 .4 4  o r  4 .7 % . T h e  
V a R  a n d  O V  o f  th i s  a l t e r n a t iv e  p la n  is  s h o w n  in  T a b le  4 .1 7 . T h is  a l t e r n a t iv e  s o lu t io n  
w i th  h ig h e r  o p p o r tu n i ty  o f  p r o f i t  m a y  b e  p r e f e r r e d  b y  th e  r i s k - ta k e r  d e c i s io n  m a k e r s  
w h o  p r e f e r  a  h ig h e r  c h a n c e  o f  g e t t in g  h ig h e r  p ro f i t .

T a b l e  4 .1 7  V a lu e  a t  R is k  a n d  O p p o r tu n i ty  V a lu e  fo r  th e  a l te r n a t iv e  s o lu t io n  w i th  
h ig h e r  o p p o r tu n i ty  o f  p r o f i t

P la n V a R  (5 % ) O V  (9 5 % )
S to c h a s t ic  S o lu t io n 1 6 .6 5 1 1 .4 7

A l te r n a t iv e  S o lu t io n 1 7 .4 4 1 4 .15

F ig u r e  4 .8  s h o w s  th e  u p p e r  b o n d  r is k  c u r v e  c o m p a r e d  to  t h e  r i s k  c u r v e s  o f  
th e  s to c h a s t i c  s o lu t io n  a n d  tw o  a l t e r n a t iv e  p la n s .  F r o m  th is  f ig u r e  th e  s to c h a s t i c  
s o lu t io n  c u rv e  a n d  b o th  a l t e r n a t iv e  c u r v e s  a re  e n t i r e ly  p o s i t io n e d  o n  th e  le f t  s id e  o f  
th e  u p p e r  b o n d  r i s k  c u rv e . T h is  in d ic a te s  th a t  b o th  a l te r n a t iv e  p la n s  a r e  f e a s ib le  s in c e  
th e  u p p e r  b o n d  r i s k  c u r v e  is  c o n s tr u c te d  b y  p lo t t in g  th e  s e t  o f  G R M  f ro m  th e  b e s t  
d e s ig n  u n d e r  e a c h  s c e n a r io .
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■Stochastic Solution 1 Higher o v ......Lower V a R ....................... Upper Bound :

F i g u r e  4 .8  U p p e r  b o u n d  r i s k  c u r v e  fo r  th e  s to c h a s t ic  a n d  a l t e r n a t iv e  s o lu t io n .
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