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UOP Overview ucp

* Leading supplier and licensor of processing
technology, catalysts, adsorbents, process
plants, and technical services to the petroleum
refining, petrochemical, and gas processing
iIndustries.

« UOP Technology Furnishes: 60% of the world’s
gasoline; 85% of the world’s biodegradable
detergents; 60% of the world’s para-xylene.

» 3400 employees worldwide.
« 2007 Financials: $1.8 billion in sales. .

» Strong relationships with leading refining and
petrochemical customers worldwide.

« UOP’s innovations enabled lead removal from
gasoline, the production of biodegradable
detergents, the first commercial catalytic
converter for automobiles.

2003 National Medal of
Technology Recipient

Biofuels: Next in a Series of Sustainable Solutions
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Biofuels: A Quickly Changing Landscape Uuop

A Honeywell Company

2007 2008 UOP Position

* All biofuels are good < Not all biofuels are good < Emphasis on life

- More, faster - Measured biofuel \(/:vya(i/leo?rr]naelgziusr%sga

* No criteria to adoption “sustainability”
measure impact of < Utilization of LCA e hnol :
adopting biofuels analysis to “qualify”: ’ felséllfc,rt%(t:le;cﬂgﬁbolgy IS

- Availability of link to GE‘?’ energy, A onc
“inexpensive” bio sustainability - Focus on
feedstocks - Bio feedstocks tracking ?eecnher:(?}gor;es

« Government energy prices c J o
mandates and - Government mandates ° breate pa%rtnc?rs kas
incentives favor and incentives etwle_en ee detOCI
ethanol and biodiesel increasingly technology supéa Iers and fue

neutral producers

« Emphasis on “real”
biofuels



Macromarket Summary:. 2007-2017 uop

* Global energy demand is expected to grow at
CAGR 2.1%.

- Primary Energy diversity will become increasingly
Important over this period with coal, natural gas &
renewables playing bigger roles.

* Fossil fuels are expected to supply 83% of
energy and 95% of liquid transportation needs

*Biofuels are expected to
grow at 8-12%/year to
>3 MBPD

Biofuels: only 5% of Global Transport Pool
But at 3M bpd, not an Insignificant Voluiggs

fA8" Biofuels Growth

Source: IEA, 2006
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Global Government Mandates uop

A Honeywell Company

USA: Energy Independence & Security Act (2007)

Volume and Type of Renewable Fuel
Required by the RFS

* 36 B gallons biofuels , ~2.5M BPD by 2022
» Corn based ethanol, capped at 15 B gal

« Emphasis on transition to 2nd generation
cellulosics

* Requires demonstration of LCA based GHG
savings relative to baseline petroleum fuels

Cellulosic

Conventional
s L y. Biofuels

L . Europe: Renewable Energy & Fuel
2006 2008 2010 2012 2014 2016 2018 2020 2022 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



Critical Issues

Food supply: small impact on the fuel market,
yet large impact on food supply

Land and water: competition for land
and water resources that are already in high
demand

Environmental: loss of biodiversity, soll
erosion, nutrient leaching, soil and water
pollution and deforestation



Enablers for a Sustainable
Biomass Infrastructure
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Increases Availability, Reduces Feedstock Cost
Technology Breakthroughs Required



UOP Renewables Vision

* Building on UOP technology and expertise
* Produce real fuels instead of fuel additives/blends

* Leverage existing refining/ transportation infrastructure to lower
capital costs, minimize value chain disruptions, and reduce
Investment risk.

* Focus on path toward second generation feedstocks & chemicals

Oxygenated Biofuels Hydrocarbon Biofuels

First Inedible Oils: Camelina, Jatropha Second

Generation D Generation
Natural oils from

vegetables and greases

UOP Proprietary



Waste Biomass To Fuels Via Pyrolysis

Corrn Siover

$re

Gasoline
Other Diesel
Biomass—> Pyrolysis —» Stabilization +>Biocrude —> Refinery Jet
Processes _
Chemicals

Mixed Woods
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UOP/ENSYN - Pyrolysis Oil Production

: - Electricity
! ] Unit Fuel Oil

Corn Stover L
Stage 1 ~|— Heating Oil/Marine Fuels
r

Upgrade

Mixad Woods L
Stage 2
Upgradefl_ Transport Fuels

Timeline II~

UOP/ENSY N will execute JV for PyOQil production technology in Q4’08



Deoxygenated PyOil Product Properties

Biofuel Future
(from mixed Conventional Engine
wood) (from petroleum) Fuels
Min Max Gasoline ULS Diesel
Typical Typical
Paraffin, wt% 5 10
44 10-60 properties
Iso-Paraffin, 17 25 Limited by cold flow still important
wt%
Olefin, wt% 0.6 0.9 4 Nil
Naphthene, 40 55 7 10-80
wt%
Aromatic, wt% 10 35 38 35 max Aromatics could
o o be higher without
Limited by emissions negative emissions
impact
Oxoygenate, 0.1 0.8 Nil Nil Coult Depiase
wt% Particulates

*Have demonstrated conversion to high octane gasoline

*Process commercialization in progress

/ $) ./



Renewable Fuels from Algae

*High cellular oil content (~50% of dry weight)
* High photosynthetic efficiency (10~20%)
* Excellent CO, capture and sequestration capability

* Water requirement: less than 1/40 of land plants
and thrive in saline/brackish/waste water

e Land requirement: desert
and arid lands



Integrated Algal Biorefinery

Industrial
CO, Source
Green
Petroleum Gasoline
_________ . - >
Refinery Green
Olefins

Lights, Naphtha

Green Diesel

: : Green Jet
Production Processing/

Field H,0, Extraction Ag Products
Salts

Chemicals

Biofuels
Power

Processing

Nutrients

Annual Oil Production

« No competition with food or agriculture 4000 (Gallons/Acre)

* Highest productivity per acre
* Environmentally friendly
- Grow on low quality land 3000y
- Grow in brackish water
- Capture CO, 2000y
- Recycle nutrients
* High-quality products (fuel and feed) 1000}
* Lab scale conversion of Algal oils
into green fuels has been realized 0 - - - -
,§°\@ e Q,z}@ OQK\"’ v\q’o@
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Raw Aglal Samples

* 3 samples of varying quality analyzed

Soybean Algae Ol Algae Qi Algae Oil « Sample 3 highly contaminated
Property Palm Oil Oil #1 #2 #3 P P . ghly
. .
Density .915 .92 0.9169 pending 0.9383 ro%ee?)i:/ggﬁation
TAN 1.2 .04 0.31 1.8 181.5 followed by
- Isomerization and/or

% oxygen 11.2 11.3 11.0 11.0 18 - Cracking
Water,ppm 500 150 482 499 4%
Metals 2 <1 <1 1.7 59
(Na+Ca+K+Mg
+Al),ppm
Sulfur,ppm 3 <1 3 a7 pending
Nitrogen 2 11 16 ppm <0.1% 1.2 %
Chloride,ppm 2 <1 2 pending 91

Deoxygenated Samples

Typical Algal Oil Algal Oil #2
Product #1 Product Product
Component ((MESERD)] (Mass %) (Mass %)
<C;5 0.9 1.3 21
C,siso <0.1 <0.1 1.1
Cien 3.2 33 12.3 * 100% DeOxygenation achieved
" Substantally simiar composition to
Cig N 6.6 4.4 12.8 « Comparable DeOxy yields to palm
C,7iso 1.0 0.3 2.1 - Readily isomerizable to Green Diesel
Ci7n 29.2 39.8 30.0
C,giso 2.2 0.5 2.3
Cign 54.7 48.4 29.8
>Cg 2.1 1.9 5.7
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Summary

* Renewables are going to make up an increasing
share of the future fuels pool

- Multitude of bioprocessing approaches possible
- Fungible biofuels are here

 First generation biofuels, though raw material limited, are
an important first step to creating a biofuels infrastructure

« Second generation feedstocks, cellulosic waste and algal
oils, have the potential to make significant contributions

« UOP is developing technology pathways to green fuels
via the PyQil route that integrate well with petroleum
refineries

 Algal oils successfully converted to specification
green fuels in UOP Labs



Gary.godwin@uop.com
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