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Aviation Alternative Fuel Drivers

Peaking of World Oil Supplies Predicted
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Aviation only contributes 2-3% of CO

Emissions from human
activities are increasing
concentrations of greenhouse
gases that lead to climate
change.

Of the greenhouse gases,
CO:2 has the longest-lasting,
global effects.
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Growth In air traffic may double in next - -
15 years, requiring more fuel ;
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The challenge

How can we most effectively minimize aviation’s
Impact on the environment — specifically CO2
emissions?
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Plan and commitments

Pioneer new Relentlessly Deliver
technologies pursue progressive new

manufacturing products and
and lifecycle services
improvements

15% 100% 15%

Focus on improving Develop 1ISO 14001 Each new airplane
fuel and CO»> certification plan for generation will deliver
efficiency, reducing 100% of BCA at least 15%

noise footprints and manufacturing sites. improvement in CO>

developing low carbon
alternative fuels.

and fuel efficiency.

Use Lean practices to

reduce impact. Continue our
More than 75% of Maximize recycling dedication to design
R&D will benefit Initiatives, including innovation.
environmental metals and
performance. composites.

Improve
performance of
worldwide fleet
operations

25%

Focus on achieving
25% efficiency
improvements in
worldwide fleet fuel
use and CO>
emissions by 2020.

Partner with
customers to achieve
performance.

COPYRIGHT © 2008 THE BOEING COMPANY



Sustainable biojet fuel development gaee—
timeline _ ‘

Establish Feasibility

* Biojet fuel technical performance demonstrated

Research and Development
» Second-generation biojet fuel research & development

* Infrastructure integration challenges identified & worked

Commercial Viability
« Cost-effective, environmentally
progressive options move forward

2006 2007 2008 2009 2010 2011
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Biojet should perform similarly to Jet-A

Fuel performance requirements:

= Freezing point (-40C) = Storage stability
m High temperature thermal stability = Elastomeric compatibility
m Energy density m Must be a“drop-in” solution
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Things that make for a low freezepoint = "
hydrocarbon fuel: ;

mLower carbon number HC chains
mMolecular weight
mBranched structures

mWeak intermolecular forces between
atoms

mNon-heteroatomic molecules



Hydroprocessing and isomerization of

vegetable oils improves freezepoint and

O
O )k
0 R,
Vegetable oil )k 0 CH (C1gH330,)3
R, O Y R,
Triglyceride 0O
0
Y CH, + (C18H340,)3
Oleic Acid OH
monounsaturated fatty acid
Alkane A~ NS NSNS~ NC0; +HR0 T (Crgige)3

(pariffin)

Linear saturated hydrocarbon

Low
Freezepoint CigH3s

Alkane Koivusalmi, et al., “Process for Processing a Saturated
Branched saturated hydrocarbon  Hydrocarbon Component”, US Patent 2007/0131579
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http://en.wikipedia.org/wiki/Monounsaturated
http://en.wikipedia.org/wiki/Fatty_acid
http://en.wikipedia.org/wiki/Monounsaturated
http://en.wikipedia.org/wiki/Fatty_acid
http://en.wikipedia.org/wiki/Monounsaturated
http://en.wikipedia.org/wiki/Fatty_acid

T

Be a catalyst in the biofuel industry

(how we can help accelerate algae technology?)



What Boeing is doing ;

m Working with fuel suppliers and customers

mFocusing on biojet fuel to address industry concerns
about: CO,, environmental, fuel availability and cost
Issues

m Created an industry “vision” by flight demonstrating
biojet fuel.

P Ny ”a ‘ i

Evaluate bio feedstocks

Help create “drop-in” carbon ~ Demonstrate use of biojet fuel

Identify required neutral Bio-Jet fuel

processing methods
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Use biojet fuel in a flight demonstrati

.....
iiiii

Biojet fuel flight
demonstration

Boeing screening tests

NASA lab tests NASA flame tube tests

Gather
Biojet samples

| 2007 | | [ 2008 |
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Biojet fuel feedstocks need a high yieldto = "
enable mass commercialization . ‘
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What we learned from the literature about

algae:

from closeout report of Aguatic Species Program

= Work on basic biology

m Take advantage of plant biology

m Start with what works in the field

m Maximize photosynthetic efficiency
m Set realistic expectations

mLook for near term opportunities (e.g. waste
water treatment)

Close-Ont Repoit



Algae from waste water might make for —
! sustalnable biojet fuel #

Use waste
water output

Encourage further
algae growth in
racetrack ponds

Discharge
Clean Water

Sustainable Refining N
BioFuel Process Biocrude Algae
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Boeing Is engaged In algae researchto .= '
learn and also to stimulate the mdu

Strain Growing Growing
Selection Conditions Method

(salt & fresh watger)

Harvesting

Life Cycle Assessment Oil Ol
Cleanup Extraction

Dewatering
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One argument In

favor of a closed

system:
(a)100
sw| 00 '
] ®
g * 45,7% dwt
g 2 707 . . \>
Can significantly = 60 . o ., o< |
increase yield 5 501 7 P
.. E -'-"3'-5 ---------- 'U'l-'-!--' == """."
and lipid content g 407 ® © e AL S
Ofa|gae = 30 1 ;D.D 1.:.ﬂf i‘ﬂ:ﬂ} 0 5 @ Gn-ﬁqjg
D_ L E R N R R NN R - ... - - - -
S PO R Y
13' o 25.5% dwt<

Source: Q. Hu. Et. Al., “The Plant Journal”, 2008, pg 621-639

Oleaginous green
algae at ASU

Conditioned
Algae

Unstressed
Algae




Could increased efficiency of a o __
photobioreactor offset its added co

Open Closed

Bioreactors
1.5

Biomass productivity (g1d™)
o
(6]

0]
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Years m



http://www.asu.edu/

Argument in favor of open pond: 4

Low Capital Cost!!!

(and a few other reasons)

"'?Sewage treaﬁﬁent pahd
trying to get rid of algae o8
growth with filter system

Prototype flue gas algae open ponds in operation
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Aviation desires to have a lower carbon fug
over life cycle) than present Jet fue ‘

_ Significant Uncertainty Exists for Many of
Bio-Jet 0.28 These Processes
_ - This is an area of ongoing research at
F-T Biomass 0.106 Boeing and elsewhere
F-T Natural Gas 1.11

F-T Coal No Seq. 2.42

F-T Coal w/Seq. 1.15

Jet-A 1.00

00 05 10 15 20 25 3.0

Relative CO, Emissions

Biojet from Soybeans 1.0=Jet Fuel from Crude OiIl

F-T Biomass from Woody Biomass
Results sensitive to biomass source, co-generation, and other efficiency assumptions (ongoing research and analysis)

Results Using GREET 1.8b: Greenhouse gases, Regulated Emissions, and Energy use in Transportation
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We believe biojet fuel Is a comparativel ' |
efficient process | ‘

Process Efficiencies Affect Net Energy Consumption

Bio-Jet 2.42

F-T Biomass

| Significant Uncertainty Exists for Many of
F-T Natural Gas 1.43 | These Processes _

. | - This is an area of ongoing
research at Boeing and elsewhere

F-T Coal No Seaq.
F-T Coal w/Seq.

Jet-A

00 10 20 30 40 50 6.0
Energy Out / Energy In

Biojet from Soybeans
F-T Biomass from Woody Biomass
Results sensitive to biomass source, co-generation, and other efficiency assumptions (ongoing research and analysis)

Results Using GREET 1.8b: Greenhouse gases, Regulated Emissions, and Energy use in Transportation
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Several bio-jet fuels are meeting freeze 4 —
point requirements* ;

B 100
B100 B100 BlOO B100

O I I I I
Jet-A BiloJet Biojet Biojet local
#1 #3 bio-
-10 - diesel
-20
-30 -
-30 C, Minimum for B100
-40

- 40 C, Minimum Jet-A Spec

Freezing Point, (C)

-50 -

DLDO06-13.xls

Good
-60
*using 1st generation feedstocks *per ASTM D 5972 method as required in ASTM D 1655 Jet-A specification
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Would algae oil work for low

temperature biojet fuel needs?
Algae oil appears to have about the same long HC chain length as palm oll, but not as
many branched molecules for good freezepoint performance

0.6
0.5
0.4 -
)
S
. Jet-Al
S 03
E .-'" .4."'-.
S ’
; Dunlella
0.2 ‘
Branched
0.1 -
Algae Oil
. (from waste water)
| ‘ ‘ ‘ L, e
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Overall time scale

Feasibility
* Biojet is looking promising W
 Receive more fuel samples ]

« More lab tests yet to complete  []

Sustainability
* High yield feedstocks will be needed E

* Future of algae needs to be researched ]

e

Costs/Benefits
* Need to gather costs and benefits ]

» Evaluate business case for airlines D

2006 2007 2008 2009 2010
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Go forward

Galvanize industry to study and promote algae for
biofuel use.



Feel free to join us at the Algal Biomass Organ
summit on 23-24 Oct, 2008 in Seattle

aadress [ttp://www. algalbiomass.org

Algal Blomass Organization
————— Algaefor energy

WHAT WE DO WHO WE ARE E¥EMNTS RESOURCES CONMTACT INFO

Welcome! Recent Documents Algae in the News

_ _ _ ) World Experts and Energy
The Algal Biormass Organization is a not-for-profit Users Join Forces to Harness

organization dedicated to the advancement Huge Potential of Algae
through research and education of the field of algal Entrepreneurs, academicians,

: . . scientists and leaders of glabal
biomass production technologies. corporations have today

"""" announced the formation of the o,
Algal Biormass Organization

(ABO), whose charter is to help

accelerate the development and

commercial application of algal

biormass, More

Inaugural Algae Biomass
Summit a Success

The inaugural Algae Biomass
Summit was held Movernber 15

Mission Statement and 16 z007 in San Franu_:isu:-:uJ
C#a; exploring the emerging use
The Algal Biomass Organization promotes the of algae as a feedstock for
development of viable commercial markets for biofuels and other renewable
renewable and sustainable commodities energy applications. Mare
derived from microalgae. Remarks to the Algae

Biomass Summit

U.5, Departrment of Energy
Energy Efficiency and Renewahle
Energy, Chief Operating Officer:
Paul Dickerson's rermnarks in San
Franciscao, Califarnia, Mare

Upcoming Events
Algae Biormass Surnmit
Fublic Reqgistration Begins July 1st




cocusons

m“Drop-in” alternate fuels presently work best for
commercial aviation

m Alternatives need to be environmentally attractive and
sustainable

m Algae feedstock looks promising

m Governments, industry and academia need to work
together
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