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Cheaper Gas Price, New Economics
For North America

Current Dollar Per MMBtu Gas as Percent of Crude, BTU Basis
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2011 Global Ethylene Cash Cost by Site

$1600 (Dollars per Ton)
West

$1400 Northeast Europe

—_

U.S.
=== NGLs Integrated

2011 Operating Costs, Dollars Per ECU Metric Ton
450

Electricity Costs

(Cents/kWh)

North America = 3.7
Europe = 8.1
Brazil =73

Middle East
Membrane
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U.S. & Canada Net Exports of PE, PVC, PP
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Bl Polypropylene
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= Ave Acq Cash Margin
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S|AH 2012 2013 2014 2015 2016 2017
Nova Chem 1,000
BASF Fina 180
Chevron Phillips 1,500
Dow Chem(Freeport) 1,700
Dow Chem(Taft) 600
Equistar 230
Formosa 800
Ineos 115 210
Sasol 1,300
Oxy (Ingleside, TX) 550
Shell (Northeast) 1,200
Westlake (Lake Charles) 105 105
Williams (Geismar) 27 70 210
Nova (Sarnia) 250
Braskem/Idesa (Mexico) 1,050
[ 912 415 525 2,300 5,350 1,700
=5 gAEE) 912 1,327 1,852 4,152 9,502 11,202

(Kt=Z) IHS
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The Gas Movement Affecting

Butadiene Producers

Butadiene/Ethylene Production ratio, Index 100=Year 2000
220%

200%
180%
160%
140%

120%

100%

80% ' :
N The Shale Gas e

€0% Revolution
| ' - 40%
i 3/ ' s 2000 2002 2004 2006 2008 2010 2012 2014 2016
0% jy' T AT = World North America  =—=West Europe  ==Northeast Asia
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 -
==Ethylene ==B/E Crude C4 FORGRLG TN IS o AL Rrssrr [& . MA/




NG to Liquidiiransport Euels(GiL)
« Natural Gas converted to synthesis gas '

« CH,; +H;0 === CO + 3H, (nickel catalyst)
» Fischer-Tropsch Reaction

« Synthesis gas reacted over iron or cobalt catalyst to produce long
chain hydrocarbons

» Further Processing
« Longer chain molecules hydrocracked to desired product

AN

.

~ 0.05-0.1 cm

- Range of products separated by fractionation T 4 EEL]
. . vZHEHE &
« Produces clean, high quality products Neprie 157 | oo AR =2t
Digsel 16.2 a4

» Capex for 140,000 bpd ~ $18 billion (s130kbbl) -  Detta dieselNG 379 Sit

MNaphtha
Kerosene
MNormal Paraffins
Gasoil

Luboil

Fisher-
Tropsch
reactors

Matural syngas

Gas
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(+21: million ton)
TENE Project Owner Terminal Volume £$ZEAFEE  DOE 401048 Status
Sabinae Pass o L . . e FTA Non FTA=7H & S0l
Louisiana _ Chaniers Energy Sabine Pass LNG 16.9mt 20164 FHE 500 _ HA T,
Liquafaction FERC 20! [f7|2
Fraa port LNG Conoco Phillips _ e e FTa 371 s&s50l
Texas P Frasoport LNG 10.7 mt 20169.138 z7g 50 e =
Expansion Othars Mon FTA S7122] & 501 OIS
Lake Charlas _ . - - e FTa 3700 +&50
Louisiana Southern Union Lake Charles 15.3mt | 2017~20204 ZHE 290 oo T
Exporis Mon FTa I7kEE &8 =0l thI|2
5 ~ i - Ly ta1 - A "' N“igul M 0 '_F I‘ Dl
Mot applicable Cario Energy Carib Energy N/A 0.25mt | 2017~20204 FHE 20 2 . °
AzElot 3712 £& =00
Dominion Cove Dominien Cove point
Maryland , ﬁ Dominion Rasources 7.7 mt 2017~20204 o= FTa 37129 +& &0 7|2
Y Point LNG LNG © T
Fort Chicago& ordan Covs
- - . o an Lov .— i A= — - A A =
Oragon Jordan Cove Enargy | Eenergy Projects 9.2 mt 2017~20204 =0z FTA 37122 o8 £2 OIS

(Not yat built)
Development

A= : DEO(Department Offfice Fossil Energt(’11)



= A BAILAUNG 2] =2 X[H S71 0|

1
o
o)l
N
1
o}
Hu
il
09
rot
i
ot
n>
0x
2
H
MHI
=l
e,
k1
é
)
s
re
N
|>
N
AL}
2
>
10
—
pd
)
o
DN
=]
DIN
N
o
gl
EE

(30108 — 4029 %)

MA MA7LA 7|Ch

BNES 54°OF ot HAJIA +8 &)

JISEEHOZ oIgt NGO ZHA SrAF

.
1970 1980 1990 2000 2005 2010 2015 20 20256

Source : Cedigaz JI;‘EEEFE’ #E' 'ﬂg Jﬂ % )29

U & IS JIAH X HIHE
&7 (e S mo/=efo! ZEHEQ| IS

SYYE Y 0= XS X LWL S0

XI& : GOGAS CGEM('11)

HA HATNA B0 NG R



eHH XI I ol 7_"" ot 22t
OJE = &7 £ ® 1 = o
MTPA
500 P—
Pl;sfilllal?“ ‘ Abadi, Browse, Sunrise,
450 - WEMProbable Shtokman, Iranian LNG,
Under Construction OK LNG. Venezuela LNG
Operational !
400 - —LNG Demand-Aug 2008
===LNG Demand-May 2010 Uncertsi Pre-FID
—]N Aug 2 ncertain
350 e DenmdAng I ; —_— — AP LNG, Brass, DS LNG,
Soften i lgntening Ichthys, NLNG Seven Plus,
200 ; Prelude, Wheatstone
Tighten ;
0 GLNG, QCLNG
200
Qatargas 3-4, Peru, Pluto,
I Skikda, Gassi Touil, Angola,
1 Gorgon, PNG LNG
100 \
Hi Arun, Kenai, Bontang
0 é

1005 2006 2007 2008 2009 2010 2011 2012 2013

2014 2015 2016 2017 2018 2019 2020
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NYUItA/QUAME 40 60 90
A A| A 250 320 420
A 3,510 4,400 5,950

* 2= K]: 8[| (Infield), THO| = (Simdex, CRU), 222 7| (KIET)

+ Oj=2 HEt > 7220 AeliMz 2 M| 7t ot

— 7é7ol-

J

M =
0=

A SR W RAMEM ME7IAE EE050] gEH 2Y
NUCOR: Trinidad Tobago DRI 2% 744 &, MA7kA ($2/MMBtu)ZHE $55-60/E HZt 0f 4
US A&l $8-10/8 & $1.39 HZ (114H), $15/ HZ o4 (121)



)O|H, ==

[ .
%k

4252F0| 55%7t 0|2

55

2k
o

FHEEF Oy, A2 MA NG ==

-

x
a5

O/= LNG=

A, '114)

)

AME4 7ts

FOIl A

) O[LAX] X

M= Metd ($6/MMBtuO|

SR
1 (LNG

- ME7t: mHEYS ¢

ujo

~NO

F

H3 2 11Mn

w

™
i
vl
!
Hio
_||_






— CNGAr 27 Oi=(119): 112} (Oj= TN 27LH=2| 0.05%)

FOf 4= 10W): ST

o
—

_ CNGH}

|

- M&7tAs 710l =

ol
N =)

Ct Al2] CNG: 7t& 2 2 =(1.52H2) CiH| 1.18H=2 17t

=
[—

O S5 $F0|Lt 70| &S

4

—t

N
o

2 O] 50% £Z0 2

4

Ael= &it 7

Shas
S/

H| 20% XSt

F

~NO

<[0
.

At

Ztof ot

=
o

{of

Kir

=]
T

)

7
L

Ho

L
= |

AL
T

)

e
oI5t

— E4d3L) CNGHIAZ

=

X
Tl

i[d
olo
<

x5t o



of

ox B T

O
H

J|Moz 0|2 olmal 15

. D|2HE XA (2

M =UEAL tole=2 S84 212
o

AR} /70| CNGA A B H %

Jiot

Yy

RIZEAF A APK| 91 A AL 7| 2XFO] 100 Al 2B A, S 29} 2 3t

ul!
o
12 A

At=XF FOfX| & CNGXAF FOA| S2F0]| 2} 7,500= ~ 64,000= A 23X

S X A:STHLY HE2 50% Me&H £

o

—

ZH X|H:CNGH= FOiA| ZRH Y S0 E M5

102t= X &

SHl (M= 35%

A =1




2t 020 ZHA|Hl

of-

0] 2Ly M YL7tAO| JHE

F St o2l AIEOIA =L A=

Sk A4 AR

|2 72 EXtE £

100

KA
ojru

= =

K
~O

{ ofs} 27

=

CHE| = LA =2

AMAS I 02N E

2

/

jod

O

1 XH 24
=

RADEX EHQ

eife)

| %7|% 0l RADEX]



