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N  AF Alternative Fuel Program
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* Near-term goal: 50/50 F-T (SPK)/JP-8 blend certified in all AF vehicles
by 2011 (POC: ASC Alternative Fuel Certification Office(AFCQO))
— Coordinating w/ Commercial Aviation Alt. Fuel Initiative (CAAFI)
— Revisions to Jet A (ASTM D1655) and JP-8 (MIL-DTL 83133F)
— Goal: “drop-in” replacement for current fuels

World Survey U.S. JP-8/Jet A (-35to 70 C)

Shell/JP-8 50/50 blend (1 to 35 C)

S-8/JP-8 50/50 blend (1 to 35 C)

Sasol IPK/Jet A-1 50/50 blend World Survey (-35 to 70 C)
Sasol fully synthetic World Survey (-35 to 70 C)

JP-4 CRC Handbook average values (-40 to 80 C)

JP-5 CRC Handbook average values (-40 to 80 C)
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e SPK characteristics

0.9

Jet (avQ) SPK
Density 0.81 0.75
Aromatics, % 17 0
Cetane (1QT) 45 60
Sulfur, ppm ~500 ~0
AHc, BTU/Ib 18600 18900

Dielectric constant
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Syntroleum 100% FT
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Shell 50/50 Blend
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Composition?
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Gomposition?
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< Overall Jet Fuel Composition
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~Jet fuel: 20% n-paraffins, 40% iso-paraffins, 20% naphthenes
(cycloparaffins), 20% aromatics
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Alternative Fuel Composition

35
Cetane ~ 35? B Iso-paraffins
Cetane ~ 60 @ N-paraffins
30 Sasol IPK
o _ Shell GTL
4% n-paraffins ~26% n-paraffins
25

Sasol Oryx (GTL-1)
~72% n-paraffins

20 T—Cetane = 60

X _

i‘g Syntroleum S-8 l Sasol Oryx

g 15 {~22% n-paraffins - H isomerized(GTL-2) H
~20% n-parffins
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Fuel / air ratio
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« AE3007 full annular combustor
« JP-8 and 100% F-T (S-8)

* No significant performance

differences
Ignition Characteristics Lean Blowout Characteristics
| ! | | mLBO, JP-8 (Ign range)
,,,,,,,,,,,, ‘7””7:7”””””lIgn,JP-8(Ignrange)7 - | oOLBo,Jprg(dlerange) |
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N  Combustion Results (2)

« CFM 56 engine combustor
e Jet A-1 and 100% F-T (S-8),
blend

e No significant performance
differences

Fr—
eeeee 180 LBO o

GEAE, Aug 2008
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\”/ 50/50 Blend Results

 No difference (except soot) seen in B-52, C-
17, B-1, F-15, F-22, ...

e So, further combustion research
unnecessary, right? ....

 Well, ....NO. Specifying 50/50 SPK and
moving beyond has identified a number of
deficiencies in understanding:
— Maximum flash point (vs density, viscosity)
— Cetane requirement
— Minimum aromatics

 Onto biokerosene! (?)
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A

CAAFI Aviation Alternate Fuels Roadmap
(Level 2/ Scenario 1 - Long Term) '

Category 2007 2010 2015 2030 2050

Nigeria GTL US CTL . . . Future

SASOL i . p . io-butanol Either Industrial Solar
Jet Fuel CI7FT Airbu g?rafgr C-Tla %OTanS China 51 ground Enerjy or Resurgence in Energy
Fuel T estv SéTL oductio o-fire CTL  |ise Nuclear Power Source

Alternative
Fuel Products

Shell Syntroleum Boeing/ us|cTL Bio-jet Cellulose Start of Ocean Bio-fyel
Bintulu GTL  Jet fuelin B-  Virgin Boeing/  Prqductio fuel  ethanol Eydrogen Factories
52 gleor{we(: Air New Ze&fland approve for ground conomy
Demo d use
Economics CTL Ecoromics —  ACRP Handbook | DOE Step Gain in CO2  5p% USAF
. Scully Financial complete Sequestration Syn fuel
& Business Efficieggy u
A
70% USAF Domestic Future Aircraft for
CTL Sourcing (2025) Advanced Fuel

50/50 Generic

Spec for  FT Blend ASTM Lists ASTM Bio
. . 100% Listed in 100% FT Fuel Spec
Certification SASOL_  ASIM Generic

Spec for 50% QF Alt—FLIJ%I
SASOL Blend pproval Process EIT Fuels Advahc

devel N
crL £BYS!RRSnpacts Operational Coal New bio- Adv bio fuel Fuel Bpec

H B-52 emissions [Emissions assessmen ,odossmen to  fuel issi
Environmental Emissic Squidd Tuel emissions

AF Approval of

Stco ing Jet fuel
Tar Sands study Bénefits SPec F-T Fuel Carbon Low emisgions
Online Erﬁr;;gnsasseslsméﬁws Sequester Bio-fuel certified
: : . 2nd Generic o )
R&D thjzlcrutlns'e sh;ps '1sttL gnbm b?o—j%?n mat. o Bio-jet High energy
urn biofuel in | Compat fuel deoxygenated bio-jet
este ] ltD
lis fuel from algae

B-52 syn-fuel C17 Biofuel i EIT . y Advanced
flight test test Tested, \%i?gli?-,g7/47 swell Eigjgtnd jet fuels developed ?VI?I[IjOH
CFM  Test lubricity| blend uel dev
Issues tests done

solved

Status as of April, 2008 13



Aviation Alternate Fuels Roadmap

(Level 3/ Scenario 1, R&D Near Term Only)

Category 6/s

DoD

Engine
Companies

Boeing

Other
Airframers

FAA/NASA

Others

B-52 demo
All engines
FI/T blen

A
B-52 demo 2-
engines F/T
blend
100% F-T SA

Lab Test
Of TecBio
Biofuel

A
Lab Test -
Purdue &
TBD
Biofuels

Define mat.
compatibility
Compare
3F-T

els

Fuel tank

Emissions
goa

Atmomiser cold Tests to support F-
flow on biojet T approval

Reports
Supply ﬁo-fu el

blends to NASA &
SwRI

L . N Dakota Combustor
teslt?slquee?f De?s'%iojet studies perability and |
Enai yo Research FT seal ﬁelight tes Expand material
ngine ET Combustor swell etc.

A
foam tests pistels 1/07 —

6/
Engineering
OEM protocol \V,

PO tuel Sustainability  Biofuel

Utilization/design
range of comm.

compatibility|
\ 4

ADARPA bioje|
samples to AFRL

APU testing
on biojet

dalm oil
dreated

mat&als test

Supply 2 bbl A e
biojet to NASA Biod

Check mgpgther
companies
materid ¢

A

A 4

@ FT fuel Combust

Sxnfuel+JP8blends, . Engine test ;sqt gatgq OF Blend Alt.Fuel Ground
TVC or other CFD FT-JP8 . Breakpoint (NASA/USA (incl a Combustor test test
Combust.Sector, blends, TvC ~ Bio Fuel &FT test of bio- F/pwy) | emiss) of|FT&bio-fuel performance +
Perform+Env (NASA/ Combust combustion  fuel blend : blgnds (NASA) Emissions
AFRL/WPAFB v kinetic (NASA) NAS

A

UHBypass engine test B4
Fuels (NASA/PW)

FT toxicology
assessment

Design studies for
other than “drop in”

Bio-kerosene
ffom Algae &  Algae & palm gystainability &

for lubricity
seal swell for
et / synthetic

agree with
vC OlO0CO v

FT evalyation
in digsel
engipe

FT evaluation
with AC fire
protection

Analysis of
DARPA biojet
fuels

A FT APU
evaluation

Combustpr design
for reducpd toxics
Vi with oxydenated

AAPU cold start on biofuel
Lab test of A|gae & pa|n

oil

oil bio-fuel
v, coseport

A A
Boeing/ Bio-thermal stapility

Virgin  test defined | ]

747 Materials compatibfility test matrix
Test between airframery _ epraer Biojet

A\ Biofdel+JP8blends, TVC or other
Combust.Sector, Perform+Env (NASA/

N

Combustor tht of AFRI/WPAFB) swit
i 1st generation CTL feasibility . Syné&Bio fue ) Wi
Ganee Bio-fuel blend Study,indiana Bio- | belnds (HPR e o Bloks  hos.cod
impact of matrix SAE ue missions Swift develop. Labtestin
F-_Pfuel, performance ISAH therm Quantify Syn+ CTL company 9 IP900,
Air tests (SwRI o/07__cont. stabilit deposits on renewable Deoxy studies statu
Canady/ V10/0g7 yin I'V yellipseometer  jetfuel as VY of biojet \/ v b
chem. blend

Status as of November 08, 200714
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Production of “Bio” Jet Fuel

@

“second generation”
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\ ngn|n L. @ Q« gasification \
e T (or co-gasification \
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CO +H, “BTL”

CH.OH
H . H CH?%H H
OH H s

“first generation”
CH3[CH2].I,CH=CH(CH2]?C[D)D—ﬁ.‘“;
CH(CH,),CH=CH(CH,),C(0)0-CH

CH;(CH,)1,C(0)0-CH,

Cle:1l
C18:0

Triglycerides (fats, oils)

pyrolysis/
hydroprocessing

“HXO”

\ 111 HFO”

“HAL"

OH o CHzOH
H OH OH H
SugarS M
(11 d - - N

irect fermentation

Typical jet fuel molecule 15
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N Jet Fuel vs Biodiesel

2

Key jet fuel
requirement: -47
C freeze point

o Biodiesel

JP-8 [P OSF3773)
FJ-C.: / *

Signal {a. u.)

M ML [

0 5 10 15 20 F -] 30 35
Retention Time (min)

40
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\\‘/) Ongoing “Biojet” Programs

M

« DARPA — 3 contract awards in 2007
— General Electric (GE)
— Universal Oil Products
— University of North Dakota’s EERC
« Syntroleum/Tyson/Conoco - “waste animal fat”
 Boeing/Virgin fuels flight demo in 2008
« AFRL analyzing other submitted samples

« Key issues are production potential (“gallons/acre”), cost, and
environmental impact

The Payoff

...the emission factor for [jet] fuel produced from
biomass will be zero.

EU working document on aviation emissions trading*

*COMMISSION STAFF WORKING DOCUMENT, Accompanying document to the Proposal for a DIRECTIVE OF THE
EUROPEAN PARLIAMENT AND OF THE COUNCIL amending Directive 2003/87/EC so as to include aviation
activities in the scheme for greenhouse gas emission allowance trading within the Community

17



Fuel Specification
Properties

LT
1l e

No Negative Impact

Fit-for-Purpose
Properties

No Negative Impact

ffect

Turbine Hot
Section Test

Negative E

No Negative Impact

Combustor Rig
Tests

No Negative Impact

Engine / APU
Endurance Test

Y

Reject Fuel/Additive
File Report

OEM Approval

Estimate of Fuel
Required for Approval
Evaluation = 250K Gal.

ASTM Standard Practice — New
Fuel and New Fuel Additive

Approval Protocol. This is a
guideline. Not every test is required.

Revised 7/22/08
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Timeline Summary

A

Near-Term Strategy ASTM Approval of Spec
and Research Rpt

FT ASTM Research FT Fuel Spec ASTM
Rpt OEM App’l Ballot
[ |
Draft FT ASTM FT ASTM Research FT ASTM Research

Research Rpt Rpt Issued Rpt ASTM Ballot

v

July Aug Sept Oct Nov Dec

2008

Longer-Term Strategy

DARPA Fuel
Samples at WPAFB DXXXX Spec Ballot
DXXXX Spec Wrkg Grp HRJ ASTM Research

Rpt Issued
HRJ Task Force

HRJ xx% Blend ASTM App’l HRJ ASTM App’l

ATA/IATA Meeting
August 19, 2008

Mark Rumizen, ANE-110

Federal Aviation 19
Administration
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\*_;J Evolving Combustion Program &y

 Biofuel/synfuel combustion program similar
to early 80s program “Fuel Effects on
Combustion”

 Referee fuels developed for team use

 Data developed from basic research to full-
scale combustor/engine data

 Product: “Rules and Tools” for fuel
properties/composition effects on
combustion

20
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A4 Summary

« Air Force alternative fuel program has high-level
backing and momentum

— Near-term goal — certification of all AF systems on 50/50
JP-8/F-T blend by “early 2011".

— Examining biofuels as possible next target

« Key issues

 Consistency of jet fuels between manufacturers,
processes and feedstocks

— How to ensure consistent product in specification?

— What are the limits of the fuel composition — property
trade space?

e Environmental Performance
« Economic Viability

21
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