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| Natural Fischer-
Gas Tropsch
Reforming Conversion

Product
Upgrading

% H,O “
N, to B @ by-product

atmosphere %

ﬁ%ﬂ(— ) Gas-To-Liquids gﬁﬁ‘gﬁ;ﬁ[ﬁ'

INDICATIVE MATERIAL BALANCE |

MNatural mﬂ ﬁ Naphtha
Gas
GTL l}* GTL diesel

PROJECT

Oxygen/ .4 180  Water, COz, Losses
Water

Along with “add-on” specialty opportunities:
n-paraffins, base oils and waxes

[f(= ) Gas-To-Liquids SUAHETE! T Ffp



The Present Generation — Simplified Schematic

By-
Products
Natural Liquid
Gas Products
Power
Steam
Fuel

[j!(= ) Gas-To-Liquids = # | S il

The Next Generation — Simplified Schematic

(1) Gas-To-Liquids ™ ~ {ZI7H T



The Next Generation — GTL feedstock definition

Example Landed Gas Quality () Example GTL Feed Quality
C, = 75 mol% min C; — 90 mol%
C, = 10 mol% max C,— 110 10 mol%
C; — 5 mol% max C;. — 1 mol% max

C,— 2 mol% max

Cs. = 0.5 mol% max

Inerts — 4 mol% max Inerts — 4 mol% max
CO, — 2 mol% max CO, - 50 ppm to 1.5 mol% max
Total Sulphur — 80 to 300 ppm Sulphur — 20 ppm max

B NIREAD RS — ¢ Gas-To-Liquids fyaS Rl 54 i

The Next Generation — Product Slate Comparison

GTL Slate Integrated Slate

LPG GTL Diesel

GTL Diesel GTL Naphtha

GTL Naphtha FT Base Qil (FTBO™)
Ethane (Optional)
Propane
Butane
Field Condensate
Plant Condensate

q‘%ﬁ'(_‘{‘) "~ % Gas-To-Liquids % Fﬁ#ﬂfﬂ



% L7

Oxygen

installed on

SasolChevron Feed Gas/Steam | "\
Oryx plant ‘—I—l

« Technology being H

Fuel Gas

* Process Line-up ATR
Pre-Reformer
Fired Heater ATR scheme to make syngas,
- ATR for FT production

Reformed Gas
Boiler

Steam

~

Syngas

A fixed amount of O, is combusted to
steam reform to equilibrium at 1050°C

(1920°F) \

(G0N - [NCHE 4 o,

0.6 1.0 0.57

Oxygen
HP Steam

Nat Gas
+ Steam

D 0.09

Excess carbon = 9%

SynGas

ATR HP Boiler

ATR with HP steam CO, is recycled as pure compound or
generation - y P ) _p
tail-gas to balance H, : CO=2.0 )

1) ATR £~ i A== 5T [ S5t



« Process Line-up
— Start-up Fired
Heater
- GHR
— Secondary/ATR

« Recycles Heat
— Reduces O,
— Reduces Steam
Generation
— Improves SG
Composition

Feed Gas/Steam

Syngas

Oxygen

AN

GHR

s
<

o sl

GHR scheme to make syngas
for FT production

ATR/
Secondary

ane

A fixed amount of O, is combusted to steam reform to equilibrium at 1050 °C (1920 °F)

- O, is reduced because of heat recycle to GHR
- More H,+CO is produced per mole of natural gas

[ - [ | o,

[ A ] ;
)+
1 o |

0.8 1.0

Nat Gas + Steam Oxygen

GHR
SynGas ATR

GHR + ATR with hear recycle

back into the process
rA

1
(C) Johnson Matthey PLC, 2005 | :

|+]-
A 1.82
s co, 0.65

0.17

CO, is recycled as pure compound or
tail-gas to balance H, : CO =2.0

ane

1.0 - represents ATR figures

(") GHR it~ iz 2l (=St Bl
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Well-Head Sea + Sea
Wat Utilities,
Gas ater Water
Cooling Tanks,
Gas etc
Processing

R

NG Feed

Tailgas
Recovery
‘ Product
Upgrading

FT
Liquids

Syngas
Production

I Reaction Effluent
Steam / power | Water .| Treatment |, ‘Clean’
NG production 3 Treatment Plant Water
Fuel v K;

Sea Raw Cooling
Water Water

Water — Prodn System C ne
[AIC)<) GTL Rty 4 Spalp

Case| ASU | ASU |NatGas| Prodn| Eff. | CO, | CO,

(TPD) | units | (MW) [ bpd | GJ/b | tes/hr| kgs/b

ATR | 16400 4 8243 183108 8.57 | 419 [ 121.0

GHR 12300 3 7751184794 7.90 | 292 82.6

« Reconfirms GHR process benefit
— Efficiency improvement of 7.8%
— 32% reduction in CO2 emissions

— 26.5% reduction in O2 consumption
[f!(4 ) ATR = GHR i & i St

11



GTL-FT main technologies

Company

ExxonMobil

..}'

REPFOL
YPF

Shell

Sasol

Statoil

BP Amoco

ConocoPhillips

Syntroleum

IFP

Syngas Fischer Tropsch Scale
Demeo (Baton
- ATR - Slurry, Co Rouge, 300 bpd)
-Non catalytic POX |- Fixed bed, Co o0 e
Industrial (PetroSA
30000 bpd;
“ATR - Slurry, Co Sasolburg 3000
bpd). Qatar (2006)
- Flexible - Slurry, Co FTPEI,:;":S[‘;%%;W’
. Demo (Nikiski, 300
- Compact SMR - Fixed bed, Co bpd 2002)
: Demo (Ponka City,
- Catalytic POX = Slurry, Co 300 bpd, 2004)
- ATR with air - Slurry, Co oy
- Flexible - Slurry, Co FT demo (20 bpd)

(T~ ) % GTL YU A IR 4

This slide of key players, is unchanged over 5 years,

with further evolution more likely than revolution

COMPANY

COMMENT l

Sasol Chevron
Shell

ExxonMobil
ConocoPhillips
BP

Statoil & PetroSA

Marathon

Rentech

Syntroleum

LEADERS: Technology provided as
part of JV with hydrocarbon owner

FOLLOWERS: Yet to make a significant
breakthrough on a major new project,
but eager to do so

LICENSORS: Technology vet to be fully
demonstrated on semi-commercial
scale, with limited financial resources

e =) 7% GTL S g i



Addressing transportation fuel demand SHift

(diesel vs gasoline in Europe)

40
Diesel
35 Gasoline /
sl 45
& 25 =
%‘ k]
E 20 =
S b
&5 15 -
- ———
Gasoline : Diesel Ratio
05
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
BT =) BT i
Delivering the fuel efficiency of diesel
= 60
e,
™
2 50 . o -
o diesel contribution P
E 40 |passenger fleet (Europe). _ . - m====~=""""""
T | Zmmo=-===c
= gasoline contribution
E‘ 30
o ' _________ passenger fleet (USA)
s 0y ===========
[1H]
9
w 10

1995 1996 1997 1998 1999 2000 2001 2002

(T )1 ] ke =
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Exceeding new fuel quality demands |

Indonesia
Yenezuela
WWFC (1)

India
FRC |
Russia |
Brazil |
Argentina
Thailand
Singapore ||
Australia
USA,
Eastern Europe
WWFC (2)
Hong Kong
Japan
EU
WWFC (3)
WWFC (4)
GTL

GTL diesel

Sulphur < 5ppm

Cetane = 70
Aromatics < 1%

Fuel sulphur (ppm)
50 500 1000 2000 3000 4000 5000

R (1 ) GTL Sl ET

Meeting new air quality demaﬁdrs

0
=20
1]
=)
©
ﬁ -40
= m— EJ Diesel baseline reference fuel
-60
. GTL Diesel
-80
EUS0-FTS0

Results from passenger engine trials with Daimler Chrysler

I ) GTL 5 sk i [ kiRl it
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)

GTL diesel market channels

Market-compliant
diesel

Conventional Refining

Crude oil

Blendstock Premium Short term

Neat Applications Longer term

qgﬁl(—{ +)GTL 7\3&[[ I/"@WHF | VR

Maximum performance and emission benefit

Strong growth in LNG demand is forecast

400

'North America and Europe
250 | - show highest growth in

100 . largest regional market
50 4
0 T T T 1
% g
] R
@ Asia Pacific m Burope 0 North America
Source: Wood Mackenzie Global LNG Online {GLO)

mmtpa
(=)
[
[=]
I §
i
-t
@

2015

Economic growth; competitiveness of gas in power and
falling domestic production drive LNG demand

BCT ™) LNG Fsif)

15



LNG is an established industry with multiple players active

45 -

mmtpa

Sonatrach
Patronas
Shell

m
S
E
@
-]
a
o

Qatar Peticleum

LNG Experience: 20 players

f__,-f’”‘ GTL Experience: 1 player

BP
NNPC
Exxanhbobil

subishi Conporation

Source: Wood Mackenzie Global LNG Online (GLO)

ADNOC

srnment Of Oman

@008
W00

Total

Eni

Mitsi
RepsolyPF
PETONT EXaca
BHP Billiton

ja Petraleum
nion Fenosa

LNG enjoys a (40 year) head start over GTL...but
increasingly companies are comparing LNG with GTL

Comparison with LNG

BT 19 LNG 1es

LNG

= Need Long Term
Contracts

= Supply Chain

Infrastructure needed
Regas Terminals and

Ships

GTL
Fungible Commodities

Do not necessarily need
LT contracts

Less infrastructure
needed, but ongoing
marketing skills are
needed to maximise
revenues.

(= 1) GTL= LNG =4t
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GTL Project Development
Current project status

Project Drivers Qatar Nigeria

Stranded Gas \I' M'I

Ocean Access \II N'I

Product Quality \,' \.'I

Product Value Oryx likely to benefit from high Crude oil price linkage
crude oil prices

Capital Investment High at ~ US530 — 40 kibpd Very high at >US$60 kibpd
capacity (Shell includes base oil)

Robust technology Sasol and Shell are technology Sasol Chevron is technology provider
leaders

Operating costs Operating costs higher than Operating costs higher than refiner
refiner {on USSMbl basis) {on USH/Mhbl basis)

(A ) GTL ¥ r“‘;'/ﬁzI i
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