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U O P OV e rV I eW A Honeywell Company

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

AUOP Technol ogy Furn
gasoline; 85% of the
detergents; 60 %amixylend

A3400 employees worldwide.
A2008 Financials: $1.9 billion in sales. :

AStrong relationships with leading refining and
petrochemical customers worldwide.

AUOP6s innovations enabl
gasoline, the production of biodegradable
detergents, the first commercial catalytic
converter for automobiles.
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2003 National Medal of
Technology Recipient

Biofuels: Next in a Series of Sustainable Solutions
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Biofuels: A Quickly Changing Landscape i uoeywen company

2007 2008 2009

. Not all biofuels are good - Credit Crisis:
- Concern for food chain

- All biofuels are good
- More, faster

- No criteriato
measure impact of
adopting biofuels

Stimulus focused on

Impact & competition Green Tech

for land/water -
- Measured biofuel SO oelifior

. Availability of adoption | EmIIOhaS'SI on life
Ai nexpensi v-elilizationoof LCA cycle a”aeyS'Srarl]S a
feedstocks anal ysi s n(ﬁ’@ya fp@%}l %bl
. Government link to GHG, energy, = .
mandates and sustalnablllty : f nsaurte (Iicfl no_bolgy IS
incentives favor - Bio feedstocks tracking eedstock Tiexible
ethanol and biodiesel energy prices - Focus on 2"d
generation

- Government mandates/

incentives increasingly ~ tSchnologies

technology neutral - Crteate pa;rtnc?rfhi?(s
. Emphasi s en.feedstoc
biofuels \%e, and fuel
producers

Increasing Awareness of Potential Impact
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Our B|Ofue|S VISIOn A Honeywell Company

AProducerealfidr-opo fuels instead of fuel a

ALeverage existing refining/ transportation infrastructure to lower capital
costs, minimize value chain disruptions, and reduce investment risk

AFocus on path toward second generation feedstocks

Oxygenated Biofuels

Ethanol \ Biodiesel

First T
Generation ] : -

Camel i na,
Jatropha, Halophytes

N ——e

Second
Generation

tural oils Lignocellulosic
biomass,
(vegetables, greases) algal oils
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Biofuels Overview: Technology Pathways  ivoneywen company

Feedstocks I = UOP Areas Products
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Current biofuel market based on sugars & oils.
Use bridging feedstocks to get to 2"4 Generation Feeds:
Algae & Lignocellulosics



Renewable Diesel and Jet Chemistry ucp

CO2 + H3C\/\/\/\/\/\/\ CH \
HO I CH, <: )
0] H2 HZO + H3C AN TN TN TN CH3

0] UOP Catalyst
- Natural oils contain oxygen, have high
molecular weight. UOP Catalyst l H,
- First reaction removes oxygen I product CHyepy
Is diesel range waxy paraffins rﬁc—kg_;
-Second reaction Acrackso dieHgse?Hsng&Céwaf
to smaller, highly branched molecules Synthetic Paraffinic ¥
) Kerosene NN
. End product is same as molecules already HC Cnin
present in aviation fuel PO
H,C CH,

- End product is independent of starting oil

Feedstock flexible, but with consistent product properties



UOP/ ENI EcofiningE Gi.eedn,

- Superior technology that
produces diesel, rather than

sy Natural Oil/
an addlt_lve_ o Grease =) Biodiesel (FAME) | + Glycerol
- Uses existing refining et
Infrastructure, can be
transported via pipeline, Natural Oil/
and can be used in existing Gfefse —> PN + Propane
automotive fleet Hydrogen
- Two units licensed in Europe
with first commercial start-up _
in 2010
- Excellent blending | - Green
- . Petrodiesel | Biodiesel Diesel
component, allowing refiners = —— o v
to expand diesel pool b '
m| Xpl n g | rF]) ﬁ g 0 t t q Cetane 40-55 50-65 75-90
Cold FI
. pfopeF,t?gNs Baseline Poor Excellent
Can be used as an approach
to increase refinery diesel Oxidative Bacel o e callont
output Stability aseline oor xcellen




UOP Renewable Jet Process Auﬂon:eyw!:..mpan,

- Initially a DARPA-funded project Built on Ecofining Technology
to develop process technology

to produce military jet fuel (JP-  Natura ol Deoxygenating/ Green
8) from renewable sources Grease e ZElon lEss

- Targets maximum Green Jet
production

- Green Jet Fuel can meet all Natural Oil/__ ISR DI
the key properties of petroleum Grease Isomerization
derived aviation fuel, flash
point, cold temperature

performance, stability
- Certification of Green Jet as a Smﬂh‘ms“,ch
50% blending component in - @
progress
carginn  UOP

A Honeywell Company

Honeywell

DARPA Project Partners

Available for License Q3 2009
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Completed Flight Demonstrations D G
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Successful ANZ Flight
Demo Date: Dec. 30 2008

© d Rolls-Royce  t€ra
AIR NEW ZEALAND = e
@Bﬂflﬂﬂ UopP Feedstock:
A Honeywell Company Jatropha and algal oil

Successful CAL Flight
Demo Date: Jan. 7 2009

& Continental 5 @ & Sapphire
2l Energy

Airlines 2

@__ﬂﬂf/ﬂg’ UopP DU  Feedstock: Camelina,

A Honeywell Company Jatropha and algal oil

Successful JAL Flight o

Demo Date: Jan. 30 2009 5%

= JdL Pratt & Whitney  Sustainable Oils
& A A United Technologies Company
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A Honeywell Company

Key Properties of Green Je

Jatropha/
Jatropha Camelina Algae
s Jet A-1  Derived Derived Derived
Description Specs SPK SPK SPK
Flash Point, °C Min 38 46.5 42.0 41.0
Freezing Point, °C Max -47 -57.0 -63.5 -54.5
JFTOT@300°C
Filter dP, mmHg | max 25 0.0 0.0 0.2
Tube Deposit Less Than <3 1.0 <1 1.0
Net heat of combustion, MJ/kg min 42.8 44.3 44.0 44.2
Viscosity, -20 deg C, mm?/sec max 8.0 3.66 3.33 3.51
Sulfur, ppm max 3000 <0.0 <0.0 <0.0

- Over 6000 US Gallons of bio-SPK made

Production Viability Demonstrated
Fuel Samples from Different Sources Meet Key Properties



Certification-Qualification Phase
- ASTM D4054 Fuel Qualification Process

Specification Fit-For-Purpose Component/Rig Engine/APU
Properties Properties Testing Testing
FRL 4.2 FRL6.1 FRLs 6.2 & 6.3 FRL 6.4
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g ASTM
| 4= Research
- Report
ASTM ASTM Balloting OEM Review & =
Specification Process Approval

FRL 7: Fuel Cl ass

Liste
ANERS s

September 22, 2009 Federal Aviation 43

\J Administration

Mark Rumizen, FAA/CAAFI




