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Global Refined Product Demand
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Growth is Projected at 1.7 % per Annum




Incremental Global Crude Oil Supplies
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109% of the Growth over the Next 10
Years will be Filled with Non-Traditional




Non Traditional Fuel & Chemical Sources

World Total Energy Consumption

Oil
- Natural Gas
— Coal
- QOther including
renewables
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Coal, Gas and Renewables
all Growing Faster than Oil




Refining & Petrochemical Industry

CHALLENGES

Availability, price and declining quality of crude
Other feedstock availability
Changing product slates and quality specifications

New capacity needed to meet forecast demand
growth

Increasing costs of capital projects

Mainiain: profitability in a cyclical industry
@y |




Challenges Are Not New in Refining

Challenge

m ILower sulfiur

Response

Isomerization, Cat Poly

Hydrocracking, Coking

CCR Platfiorming

Selectivehyaroeireating, ULSDIH




Technical Challenges: The Last Frontiers

The top of the barrel

- Methane activation

- Syngas conversion

The bottom of the barrel
- Residue conversion

- Bitumen processing

- Gaslfication



Worldwide Oil, Natural Gas
and Coal Reserves

Natural Gas
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1,189 Billion Barrels®t 179 trillion cubic meter 909 Billion Tons?2
6,339 Trillion Cubic Feet? (3,933 bn BOE)
(1,175 bn BOE)

Naturalfgas anel coal utilization s, desiired by many.
cCompanies and natens

Vienetization! of stranded gas reserves;ane coal
REdUCED gl2s flianng
Less dependence R crude ol 1 BRI Statisticall Review,, 2004

2. InternavenalrEneray Jeurmiali 2008




C, Chemistry: Methane Conversion-
UOP is Working on Breakthrough Technology

Indirect Conversion

Fischer-Tropsch

MeOH + MTG

Hydrogen Steam| Referming

MeCO \.)/f

Chemicals VIO

IDEMoNStIaedio):
EXISting

Direct Conversion

Combustion

Cracking

ANEIcnZalen

o Be Developed /
Demoenstrated




Direct Methane Conversion Processing
Impact on Refining & Petrochemicals

CH, Conversion
Approach

Primary
Products

Potential Impact

CH, Aromatization

6 CH,~> benzene + 9 H,

Benzene,
Naphthalene, H,

With ring opening, makes
aromatics or gasoline, large H, co-
production (9H./ring)

Oxidative Coupling
of CH,
2 CH, + % 0, C,H, + H,0

Ethylene, Ethane

New Source of Ethylene, but huge
technical hurdles- limited progress
reported in 15 yrs.

Oxy-Halogenation
CH, + % Cl, > CH,CI
CH;Cl = gasoline + HCI
4HClI+0,>2Cl,+2H,0

Aromatics &
Paraffins or
Ethylene +
Propylene

CH,X can be converted to :
- Gasoline or aromatics or
- Ethylene and propylene

Direct Selective
Oxidation
CH, + ¥ 0,> CH,OH

CH,OH

Petrochemicals, MTO. Limited
progress reported in 15 yrs.

Eliminate Syngas production
(80% capital for methanol)

New UOP Approach

Petrochemicals, MTO

Eliminate Syngas production
(80% capital for methanol)




Extracting More From Heavy Oils

Why invest in heavy oil conversion?

Market Factors

- Increase transportation fuels
- Limited residue outlets

- Bunker fuel regulations

- Crude availability

Economic Incentives

- Lower cost of heavier crudes

- G/DiIs generally lewer in heavy crudes
- Increased yields of highi value preducts
Envirenmental

- Preduct specifications
- Refineny emissions




Residue Upgrading:
1990-2003 Capacity Additions

Resid FCC :
_ o Deasphalting
Hydroprocessing 10% 504
20%

Visbreaking
10%

Coking
55%

Jjeiial 1990-2008  Residuie
CapacinAdditen = 6.5 VN BIRPSD

Source: SEA Paciiic, UOR Adjusied ter VR

Coking and RFCC have
dominated last decade

Future choices dictated
o)V
- Market for coke

- Diesel oriented product
slate

- High specification
transpoertation fuels
- Crude diiferentials




BOB Upgrading Schemes
Combining Carbon Rejection and H, Addition

Delayed Coking

- High Sulfur Coke

-Low Sulfur Coke

Residue Hydrocracking

Solvent De-Asphalting with Hydrocracking
FCC/RECC with Hydrocracking

-With or without Visbreaking




Challenges of Residue Hydroprocessing

Sulfur, nitrogen, metals, CCR reduction

Need for downstream processing to meet
product specs

Catalyst stability
Investment cost
Needs reactor and/or catalyst breakthrough




Other Alternative Feedstocks

Renewables
-Vegetable oils
- Cellulose
-Sugars

Coal




Global Government Mandates
USA: Energy Independence & Security Act (2007)

36 B gallons biofuels, ~2.5 M BPD by 2022
- Many off-ramps

Technology neutral

Corn based ethanol, capped at 15 B gallons

< Emphasis on transition to 2nd generation
Cellulosic cellulosics

Requires demonstration of LCA based GHG

Conventional savings relative to baseline petroleum fuels

Biofuels

Europe: Proposed Renewable Energy
& Fuel Quality Directives

20% of EU Primary Energy Demand from
Global Renewable Sources by 2020

Countries with B2-B10 and E5-E10 Transport Fuels: 10% Renewable Content
mandates include Canada, Colombia, by energy content

Peru, Argentina, Thailand, China, GHG Emissions: Fuel producers reduce
India. Brazil is E25. 10% by 2020 relative to 2010 levels

Emphasis: non-food Sustainability targets being put in place




Green Diesel vs. Biodiesel

Veg Oil/

Methanol ¢ Grease~ Hydrogen

+ Glycerol + Propane

WTW Energy /GHG Emissions Clusters
400

Green Diesel is a better fuel than
flon biodiesel (FAME)

DME from NG .
- / GTL from NG Less energy consumption

FAME . .
EtOH Less GHG emissions

200 [~ Gasoline Better economics
& Dies .
150~ Better andl more compatible fuel

ool g&eé‘l properties
50~ Wider use ofi Green biesel could
0 ' ' ' ' IMpreve eneray: efficiency: of

OF 2000 400/ 6001 800" 000 tramspoertation fuels

Energy, MJikm

Green Diesellis Best Biofuel from: Eneray, Enanples much gireateruse ol
Consumpuenrand GHE Emissiens renewable Energy,

Solfess CONGAWE
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Longer Term Renewables

Non-edible fuel crops

- Non-edible oil crops: Jatropha
-High lignin plant wastes
Cellulosic biomass

- Crop wastes: bagasse, stover
-Algae



UOP Biofuels Vision

UOP’s Bio-Fuels Technology Goals

Identify and utilize processing, composition, and infrastructure
synergies to lower capital investment, minimize value chain
disruptions, and reduce investment risk.

Ve

Natural oils, fats, Lignocellulosic
greases to diesel, biomass to fuels

gasoline and jet fuel Algal oils to fuels




Coal to Liquids

Feedstock

Coal is very cheap

-0.5 to 2 $/MMBtu

Coal is abundant

- 200 times as much as oil and gas

Syngas can be converted to liguids
by Fischer Tropsch process

- 80% liguids yield

Gasification experience Is
grewing

Coal will' play a big role in
medium; texm




Gasification Economics
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Bechtel

SGPC SCHEC IGCC
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Competitive withl cenventional ceal-fired power
generation when emissions centrol is included

Viere innoeVvation s Needed to reduce cost for
coal terliguids

Source: GE




Summary

The oil industry is being challenged to provide
cleaner fuels from worse feeds with soaring costs

Integrating petrochemicals with refining can
mitigate investment risk

Integrating renewable fuels with refining - a

viable option — technology Is ready.

Heavy oil and coal technologies are improving
Great opportunities for technoelogy Innevation!







