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Alternative Jet Fuel Approval
November 14, 2012

® Mark Rumizen
CAAF' Senior Technical Specialist

Federal Aviation Administration
COMMERCIAL AVIATION
ALTERNATIVE FUELS INITIATIVE





New Engines Have Historically Been

Certified To Existing Fuel

New Engines

November 14, 2012 2 CAAF' ®





Fuel Specifications Evolved to Support Both Aviation

ederal Aviation
' Administration

Ease of Movement Demanding Performance

November 14, 2012 A CAAFI





Airworthiness Regulations Reflect This Historical
Evolution

Regulatory Authorities Do
Not Certify Fuel, They Certify
Airplanes and Engines to
Operate on Specified Fuel

*  Aircraft Operator (Airlines)
Operating Rules

*  Must Adhere to Aircraft
and Engine Limitations

*  Aircraft Operating
Limitations

* Engine limitations Used
for Aircraft

[ * Engine Operating

ASTM Fuel Limitations
Specification # Fuel Specification

November 14, 2012 4 CAAF' ®





How to Work Backwards to Prove New Fuel Is

Acceptable for Existing Fleet of Engines?

Existing Engines

Integrate ASTM Industry
Qualification Process with FAA
Certification Process

November 14, 2012 5





Certification of Drop-In Alternative Fuels

Industry Qualification
(AST '. S ||l Drop-In Fuel
' " ASTM D7566

[~ i s Y ;
Spec

Unchanged
Operating
Non-Drop-In Fuel Limitation
New Spec

New Oper Limitation

FAA Certification

Engine Operating
Limitations

Aircraft Flight Manual

Aircraft Operating Limitations

November 14, 2012 6 C,ATAFl





D7566 Enables Drop-In Fuel

Distribution Operations

Conventional Jet Fuel Conventional Jet Fuel

Separate Tracking Re-Certification
NOT Required NOT Required

\
November 14, 2012 7 CAAFI@






ASTM Aviation Fuel Specifications

Petroleum Conventional
D1655 Refinery Processes
Fischer-Tropsch (FT)
Coal Syn Gas
(CO, Hy)
D 7566
Annex Al
Gasify FT Process
Hydroprocessed Esters & Fatty |
Acn:ls (HEFA) from Bio-Qils
D 7566 e«
Annex A2 Hydroprocessing

B|o Crude

Qil Extraction \
November 14, 2012 8 CAAFI@





Future Fuels at ASTM

Fermented Sugar to HCs

kK= Genetically i jet Fuel
~ pmaSM Engineered | Product
SEERY \icrobes —

Conventional Refinery
Processes

Fermentation

Alcohol to Jet (ATJ)

1L Tiiatem I
\ | 4
~ - f

g

Olefins

Dehydration
Catalyzed Sugar to HCs

= _..'.{-“ CO rnstover . S, - ¥ PP 1-” e

-,

Lignocellulose

Jet Fuel

A
November 14, 2012 9 CAAFI@
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Future Fuels at ASTM (cont’d)

Catalytic Hydrothermoly3|s (CH)

Conventional Refinery
Processes

Bio-Crude

Oil Extraction

Catalytic
Hydrothermolysis

Plant/Animal
Oils

Hydroprocessing
& Fractionation

Pyrolysis

~switchyrassf

Bio?Crude

Pretreatment ‘ - aim
Pyrolysis

Fischer-Tropsch-Aromatics (FT-SKA) Jet Fuel

ngnocellulose Syn Gas
(CO, H,)

Gasify FT Process \
November 14, 2012 10 C Q Q I:I®

Syn-Crude
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ASTM Qualification/pye
i

4t International Conference on Biofuels Standards

© 2012 United Technologies Corporation

Tedd Biddle, P&W _"J_
ASTM D4054 Task Force Leader

November 14, 2012

This document contains no technical data





Engine Manufacturers’ Requirements § s

 High Energy Content

* Drop In-technology Invisible to the Engine

— Requires no redesign, component development
program, or re-certification

e Does No Harm

© 2012 United Technologies Corporation This document contains no technical data
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How to Get a New Fuel Approved F et

mpany

Two industry standards support engine and airplane manufacturer requirements
and ensure there is no impact on safety, performance, or durability

Enablers
« ASTM D4054 — Qualification and Approval of New Aviation
Turbine Fuels and Fuel Additives (2009)

ASTM D7566 — Aviation Turbine Fuel Containing Synthesized
Hydrocarbons (2009)

Engage OEM, AFRL, and FAA Team for Guidance

CERTIFIED.

This document contains no technical data
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Overview of ASTM D4054
The Approval Process is Comprised of 3 Par

, Specification Change
Test Program OEM Internal Review S

A 4
) )
REEs Reject or ASTM
|| Specificatior Further OEM AdeitionaI
Eail | Properties Evaluation? No Internal Data As Review
Review Required
& Ballot
LA_/

Fail | FitFor Reject or
Purpose Further Additional
Properties Evaluation? N .

(FFP) 0 Reject
_ ASTM
Fail Component Further » Specification
or Rig Evaluation? \/—
Approve
7 OEM
Y Y Specification
_ Report to OEM Report _| and/or

Fail | Engine Pass ,| Engine "| Service Bulletin

Test Manufacturer \/ 4
\/_ This document contains no technical data






Overview of ASTM D4054

GOOD THINGS TO KNOW BEFORE YOU START

o Significance and Use — Intent, Objective, and Purpose
s Streamline the approval process
“ Permit evaluation & approval in cost effective & timely manner

¢ Guide the sponsor through a clearly defined process of testing and
Interactions with key participants

o Key Participants in the Process
“ Engine and airplane OEMs: P&W, RR, GE, HW, Boeing, Airbus
“* Regulatory authorities: FAA, EASA
“ U.S. Military: Air Force (AFRL/AFCQO) & Navy
¢ Airlines: no airlines — no go
“ ASTM, AFC-MOD, Coordinating Research Council, CAAFI

© 2012 United Technologies Corporation This document contains no technical data





Overview of ASTM D4054

GROUND RULES - CONTINUED

e Business & Technical Case to ASTM and OEMs
— Somebody’s got to want it (hint: airlines)

e Disclosure of Formulation and Process to OEM Team (NDA)
 Formulation & Process Cannot Change Once Testing Started
 If Additive - Test Program Performed at 4X Concentration

* Funding the Investigation
+ That would be you — i.e. your responsibility to arrange it
s There is help
s Engine and airplane team will typically require some level of funding

© 2012 United Technologies Corporation This document contains no technical data





Overview of ASTM D4054

GROUND RULES - CONTINUED

« OEM Internal Review and Approval (Chief Eng/Execs)

s Al testing must be completed and research report approved by
OEMs and balloted by ASTM

¢ Provide assurance process is scalable from laboratory volumes
and can move to commercialization

Examples — not requirements
— Process must have produced 100K gallons
' — Demonstrate capability to produce 100 Bbls/day

— Site visit of existing refinery or refinery under construction
| — Investor activity

7

© 2012 United Technologies Corporation This document contains no technical data
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Test Program Comprised of Four-Tier

\I

Specification Fit-For-Purpose Component/RigAPU
Properties Properties Testing

ASTM

Engine Testing

TIER 4

INTERNATIONAL
Standards Worldwide

[/;__.Eﬂffﬂf# '

Honeywell .

ASTM 2 AIRBUS
Specification

Specification Process Approval

ASTM
Research
Report

This document contains no technical dat§
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Negative Effect

v

Tier 1

Fuel Specification Properties
Relating to Engine Safety,

Performance and Durability
(ASTM D 1655/ Def Stan 91-91,
Mil-DTL-83133, Mil-DTL-5624)

No Effect/Positive Effect

Tier 2

Fit-for-Purpose Properties
CHEMISTRY
Hydrocarbon Chemistry (carbon
number, type and distribution)

Trace Materials

BULK PHYSICAL AND
PERFORMANCE PROPERTIES
Boiling Point Distribution
True Vapor Pressure vs.

Temperature
Thermal Stability Breakpoint
Lubricity
Response to Lubricity Improver
Viscosity vs. Temperature
Specific Heat vs. Temperature
Density vs. Temperature
Surface Tension vs. Temperature
Bulk Modulus vs. Temperature
Thermal Conductivity vs. Temp.
Water Solubility vs. Temperature
Air Solubility (oxygen/nitrogen)

ELECTRICAL PROPERTIES
Dielectric Constant vs. Density
Electrical Conductivity and

Response to Static Dissipator

GROUND HANDLING / SAFETY
Effect on Clay Filtration
Filtration (coalescers & monitors)
Storage Stability
- Peroxides
- Potential Gum
Toxicity
Flammability Limits
Autoignition Temperature
Hot Surface Ignition Temperature

COMPATIBILITY
With Other Approved Additives and
Fuels
With Engine and Airframe Seals,
Coatings and Metallics

Component Test

Unacceptable

Reject Fuel or
Additive
File Report

OEM Approval
Incorporate into Fuel
Specification with FAA

Concensus

Required?
Yes
Tier 3
Component Tests *
TURBINE HOT SECTION
Oxidative or Corrosive Attack On
Turbine Blade Metallurgy and Coatings
(Burner Rig Test)
FUEL SYSTEM
e APU Cold Filter
* Fuel Control Anomolies
e Fuel Pump
e Fuel Nozzle
COMBUSTOR RIG TESTS
« Cold starting, sea level to 10,000 feet
e Lean Blowout
e Aerial Restarting
e Turbine inlet-temperature distribution
* Combustor Efficiency
* Flow path carboning/plating
* Emissions
e Auxiliary Power Unit altitude starting
No Anomalies
Engine Test
Required?
Yes
Tier 4
Engine Endurance |——Anomlies—»
Test *
No Effect

f

Tests Required
for Each Tier are
Well Defined

This document contains no technical data





Typical Fuel Volumes Required

Specification Properties

I
s

TIER 2

Fit-for-Purpose Properties

TIER 3 ﬂ

Component and Rig Tests 250 uGal

TIER 4
Engine Tests

© 2012 United Technologies Corporation This document contains no technical data 10
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D4054 Experience

D4054 Approval Protocol Based on Lessons Learned
« Sasol Semi-Synthetic fuel AL L
« Sasol Fully Synthetic fuel

» Fischer-Tropsch Semi-synthetic fuel

Approved

« 1 Biofuel (HEFA) £= ﬂglb)
* 4 thermal stability improver additives ,““I

I n P ro CeSS Standards Worldwide

e 1 contaminant (FAME (Fatty Acid Methyl Ester))
» 4 fuel additives (water solubilizer, corrosion inhibitor, 2 antistatic)
* 8 new fuels (SKA, 2 ATJ, CH, 2 CRJ, DSHC, HDCJ)

11

© 2012 United Technologies Corporation This document contains no technical data
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Proposed Revisions and Additions ; P;au &wm;my;m.

t D O 5 A United Technologies Coi'npany '
O !I !I S | -

INTERNATIONAL
Stendards Worldwide

Jack Burgazli's

ASTM D4054 “Does it Really Work™? Task Force

e Additive Performance
« Handling

Mark Rumizen’s

ASTM D4054 Users’ Guide

12
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Contacts for Help Navigating ASTM D4054
and ASTM D7566

Tedd.Biddle@pw.utc.com

m Mark.Rumizen@faa.gov  D4os4

D7566 James.Edwards@wpafb.af.mil

..' 4 L h
© 2012 United Technologies Corporation This document contains no technical data
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ASTM Emerging Turbine Fuels
Subcommittee Activities

George R. Wilson, llI

Vice Chairman, ASTM D.02.J
Aviation Fuel Subcommittee

Chairman, Emerging Turbine Fuels Section

il
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ASTM International

e ASTM is an NGO

— Quasi Governmental

— Voluntary Consensus Standards
— Balanced Representation

— Volunteer Driven

e Aviation Fuel Subcommittee

— Truly International in Scope
* Manages IATA ISLG
e Meet with IATA in May

— Standards Adopted by ANSI

—un’

INTERNATIONAL





Aviation Turbine Fuel

e Jet A/Al - Essentially One Fuel WorIdW|de

— Airplanes Go Everywhere
— Reliable Fuel Quality Essential
— Multiple Tasks

* Power, Cooling, Actuation

e Common Requirement

— All Commercial Aircraft Recogmze Two Specs:
e ASTM D1655 and UK(MOD) DS91-91

— Some Use Current
— Some Approve by Year (ASTM) or Issue (MOD)
— Some Translate to Local Version (Ex: Spain, China)

s’
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Two Main Specifications

ASTM D1655 - Jet A/A1l UK(MOD) DS91-91 - Jet Al
e ASTM International e United Kingdom (Ministry of
— NGO that Develops Defence)
Consensus Standards — Aviation Fuel Committee
— Open Membership * Provides Advice to MOD
e Producer to User Balance  Membership by Invitation
— Subcommittee D.02.J on — MOD Authored
Aviation Fuels Writes — Direct Government Authority
Standards

— Authority Derived from FAA

—un’
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The Reality of Kerosene Jet Fuel






Specifications vs. Fit for Purpose

B Aromatics
H Flash Point
H Freeze Point m Viscosity
u Smoke Point i Corrosion
Existent Gum MSEP

Crude Oil

» Refining

m Sulfur

M Density

m Heat of Combustion

1 Thermal Stability

Conductivity

Specifications

Fit for Purpose

Material Compatibility

Engine/Component Tests

Composition
Acidity
Aromatics
Sulfur
Volatility
Distillation
Flash Point
Density
Fluidity
Freeze Point
Viscosity
Combustion
Heat of Combustion
Smoke Point
Corrosion
Thermal Stability
Contaminates
Existent Gum
MSEP
Additives
Conductivity

Chemistry Additive Compatibility
Hydrocarbon Type Fsll

Aromatics ci/u

Trace Materials SDA

Organics A0

Inorganics MDA

Metals Fuel to Fuel Compatibility
Bulk Property Non Metallic Materials (37)
Precision Distillation Adhesives

VapPvs T Bladders

Deposition Characteristics Aircraft Coatings
Lubricity/Cl Response Bulk Tank Coatings
Visvs T Sealants

Spec Heat vs T Composite Materials
Density vs T Foams

Surf Tenvs T O-rings

Bulk Modulus vs T & P Nitrile

TCondvs T Fluorosilicone

Water Sol vs T Fluorocarbon

Flash Point Gaskets

Freeze Point Fuel Hose

Electrical Properties Teflon

Dielectric vs Density Nylon

C ivity/SDA Response

Handling and Safety Kapton

Effect on Clay Potting Compound

Filter Separator Efficacy

Monitor Performance

Storage Stability
Peroxides over time
Potential Gum

Toxicity

LEL & UEL

AT

HSIT

Metals/Metal Coatings (31)
AlCr Anodize

Sulfuric Anodize
Chromate Conversion
Wrought Aluminun
Cast Aluminum

CuNi

Solder

Austentic Stainless Steel
Non-Aus SS

Titanium Alloys

IVD Coating
Fasteners

cPM

InCo

Nitralloy

Monel

Waspaloy

Lead

Brass

Wire

Hot Section Corrosion/Erosion
Metallurgy
Coating
Component Testing

Fuel System

Fuel Pump

Fuel Control

Fuel Nozzle
Combustor Rig Testing
Cold Start, SL to 10,000 ft
Lean Blowout

Aerial Restart

TIT Distribution
Combustor Efficiency
Carboning/Coking
Emissions

APU Altitude Start
Engine Test

> Jet Fuel

Specifications are the Minimum Analysis Needed to Prove
a Product Derived from a Given Source is Fit for Purpose

i I’
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100+ FFP ltems?

FUEL

Calories, MJ/kg

Ignition Characteristics
Low Temp Performance

Heat Transfer

Hydraulic Power

Lubricity

Hero’s Engine

Modern Turbofan

i)

INTERNATIONAL





Alternative Sources

e ASTM D1655 Standard Specification for Aviation Turbine
Fuels

— Point Sources from UK(MOD) DS91-91
— Fuel Made to D7566

e ASTM D7566 Standard Specification for Aviation Turbine

Fuel Containing Synthesized Hydrocarbons

— Alternative Fuel Produced by D7566 Can Be Used Directly as
D1655 or DS91-91 Fuel

— ASTM D4054 Standard Practice for Qualification and
Approval of New Aviation Turbine Fuels and Fuel Additives

s’

INTERNATIONAL





Big Picture

FAA/OEM Panel

D7566 Annex

1. Concept
2. Fit for Purpose

3. Performance

D4054 Research Effort ﬂ%
I
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Specifications vs. Fit for Purpose

H Acidi*,
¥ Jistillation
H Freeze Point

u Smoke Point

i Existent Gum

m Sulfur
M Density
m Heat of Combustion
1 Thermal Stability

Conductivity

Specifications

Fit for Purpose

Material Compatibility

Engine/Component Tests

Composition
Acidity
Aromatics

Sulfur

Volatility
Distillation

Flash Point
Density

Fluidity

Freeze Point
Viscosity
Combustion
Heat of Combustion
Smoke Point
Corrosion
Thermal Stability
Contaminates
Existent Gum
MSEP

Additives
Conductivity

Chemistry Additive Compatibility
Hydrocarbon Type Fsl

Aromatics ciyu

Trace Materials SDA

Organics A0

Inorganics MDA

Metals Fuel to Fuel Compatibility
Bulk Property Non Metallic Materials (37)
Precision Distillation Adhesives

VapPvs T Bladders

Deposition Characteristics Aircraft Coatings
Lubricity/Cl Response Bulk Tank Coatings
Visvs T Sealants

Spec Heat vs T Composite Materials
Density vs T Foams

Surf Tenvs T O-rings

Bulk Modulus vs T & P Nitrile

TCondvs T Fluorosilicone

Water Sol vs T Fluorocarbon

Flash Point Gaskets

Freeze Point Fuel Hose

Electrical Properties Teflon

Dielectric vs Density Nylon

C ivity/SDA Response

Handling and Safety Kapton

Effect on Clay Potting Compound

Filter Separator Efficacy

Monitor Performance

Storage Stability
Peroxides over time
Potential Gum

Toxicity

LEL & UEL

AT

HSIT

Metals/Metal Coatings (31)
AlCr Anodize

Sulfuric Anodize
Chromate Conversion
Wrought Aluminun
Cast Aluminum

CuNi

Solder

Austentic Stainless Steel
Non-Aus SS

Titanium Alloys

IVD Coating
Fasteners

cPM

InCo

Nitralloy

Monel

Waspaloy

Lead

Brass

Wire

Hot Section Corrosion/Erosion
Metallurgy
Coating
Component Testing

Fuel System

Fuel Pump

Fuel Control

Fuel Nozzle
Combustor Rig Testing
Cold Start, SL to 10,000 ft
Lean Blowout

Aerial Restart

TIT Distribution
Combustor Efficiency
Carboning/Coking
Emissions

APU Altitude Start
Engine Test

-

-
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Back to Venn
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D7566 Alternative Fuel Status

* Generic Synthetic Jet Fuel has been Approved!

— FT SPK: Synthetic Paraffinic Kerosene generated through
the use of a Cobalt or Iron Catalyzed Fischer Tropsch
System.

— HEFA SPK: Synthetic Paraffinic Kerosene generated by
hydro processing Organic Fats and OQils.

e Used for Both ASTM D1655 and UK(MOD) DS91-91
— New Version of D7566 Coming with IP Methods Included

e Renewable?

— Renewability is governmental issue, the specifications deal
with technical requirements

s’
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Status Class
Completed

Annex A1 FT SPK
Annex A2 HEFA SPK

In the Approval Process

Alternative Approaches

Process

Fischer Tropsch (FT) derived SPK
Hydroprocessed Fats and Qils (HEFA) derived SPK

Fermentation alcohol, oligmerized and hydrotreated (ATJ) derived SPK

Hydrothermal Cracking and Cyclization derived SKA
Catalysis, oligermerized and hydrotreated derived SPK

Hydroporcessed Depolymerized Cellulose derived SKA

FT SKA FT derived SKA
ATJ SPK
In Development
ATJ SKA ATJ derived SKA
CH SKA
CRJ SPK
DSHC SPK Direct Fermentation to SPK
HEFA SKA HEFA derived SKA
HDCJ SKA
SAK Catalysis to SAK
SPK Synthetic Paraffinic Kerosene
SKA Synthetic Kerosene with Aromatics
SAK Synthetic Aromatics, Kerosene boiling range

Feedstock

Coal, Natural Gas, Biomass
Triglyceride Oils

Coal, Natural Gas, Biomass
Sugar, Alcohol

Sugar, Alcohol
Triglyceride Oils
Sugar, Alcohol
Sugar
Triglyceride Oils
Lignocellulose
Sugar, Alcohol

—un’
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Only Hydrocarbon Fuel?

 As A Drop In Replacement? Yes
— Single Fuel Worldwide Drives This

* A Regulatory Prohibition? No
— Ex: BioKerosene or High Flash Alcohol
— Compatible?
e Yes — A/C can use interchangeably with Jet A/Al
* No — Specific Application
— Very Long Road

e Sasol FT, Concept to Use — About Two Decades

s’
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Alternate Fuel Concerns

Hubris
— Know It All

Ignorance
— Cannot Bother to Learn

Carelessness
— Failure to Grasp the Concept

This is Why D7566 Includes the Same Use Information
as D1655

It is the User’s Responsibility to be Sure Fuel is Right
— Make Sure Projects Include Jet Fuel Experts

s’

INTERNATIONAL





Regulations

 FAA/CAA Type Certificates
— Legal Requirement to Follow
— Airplanes Too Expensive to Experiment
* |[nformal Requirements
— Joint Inspection Group (JIG)
— Airlines for America (A4A)
* |nternational Civil Aviation Organization

— Concerned by Incidents
e Surabaya Incident Led To Act

— ICAO 9977 - Manual on Civil Aviation Jet Fuel Supply |

s’

INTERNATIONAL





Southwest Research Institute® (SwRI®)

San Antonio, Texas, USA

George R. Wilson, I
Principal Scientist

US Army TARDEC Fuels and
Lubricants Research Facility
1-210-522-2587 Office
george.wilson@swri.org

FAX
1-210-522-3270

WWW.SWTFI.Org




http://www.swri.org/

mailto:george.wilson@swri.org
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THE AIR FORCE RESEARCH LABORATORY . =
LEAD | DISCOVER | DEVELOP | DELIVER #

Fit-For-Purpose Properties

Air Force Research Laboratory
Aerospace Systems Directorate






I
|
Specification Fit-For-Purpose Component/Rig Testing - | Engine/APU
Properties Properties operability, durability | Testing
R&D (AFRL) | Cert. (AFCO)
Review
|
LHHIMI) RN @ BOEING l
%E!IEJT#. RejectL—,| Re-Eval Honeywe“ ReAsse-:\::-_-h
Specification \
ASTM D7566 e
Revision ASTM Balloting FAA & OEM Review
Process & Approval

CRC Emerging Fuels Group Federal Aviation

Administration

May 5, 2010
Mark Rumizen, FAA/CAAFI
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Fuel Specification Properties

Negative Effect

Tier1

Relating to Engine Safety,
Performance and Durability
(ASTM D 1655/ Def Stan 91-81,
MiFDTL-83133, Mil-DTL-5624)

No Effect/Positive Effect

Tier 2
Fit-for-Purpose Properties
CHEMISTRY
Hydrocarbon Chemistry (carbon

number, type and distribulion)
Trace Materials

BULK PHYSICAL AND
PCRFORMANCE PROPCRTICS
Boiling Point Distribution
True Vapor Pressure vs.

v

Revised 02/07/2012

Component Test
Required?

Yes

v

—— No

Tier 3
Component Tests *

TURBINE HOT SECTION
Oxidative or Corrosive Attack On
Turbine Blade Metallurgy and Coatings
(Burner Rig Test)

FUEL SYSTEM

Reject Fuel or
Additive
File Report

T i s+ APU Cold Filter
emperature s Fuel Control )
Thermal Stability Breakpoint . F::\ Pz:n: Anomolies
Lubricity » « Fuel Nozzle
Response to Lubricity Improver
Viscosity vs. Temperature: COMBUSTOR RIG TESTS
Specific Heat vs, Temperature + Cold starting, sea level to 10,000 feet
Density vs. Temperature + Lean Blowout
Surface Tension vs. Temperature « Aerial Restarting
Bulk Modulus vs.'Temperalure + Turbine inlettemperature distribution
Thermal Conductivity vs. Temp. + Combustor Efficiency
Water Solubility vs. Temperature « Flow path carboning/platin
Air Solubility (oxygen/nitrogen) . B ofplating
» Auxiliary Power Unit altitude startin:
ELECTRICAL PROPERTIES v g
Dielectric Constant vs, Density
Electrical Conductivity and ‘
Response to Static Dissipator No Anomalies
GROUND HANDLING / SAFETY
Effect on Clay Filtration
Filtration (coalescers & monitors)
Storage Stability Engine Test
- Peroxides . +—
?
- Potential Gum Required?
Toxicity
Flammability Limits
Autoignition Temperalure |
Hot Surface Ignition Temperature
Yes
COMPATIBILITY v
With Other Approved Additives and
Fuels Tier4
With Engine and Airframe Seals, Engine Endurance Anomlizs—
Coatings and Metallics Test *
Unacceptable ‘
No Effect
OEM Approval
Incorporate into Fuel ‘
Specification with FAA
Concensus

!

ASTM Standard
Practice D4054—-
Qualification and
Approval of New
Aviation Turbine
Fuels and Fuel
Additives

Evolving...





A 2
\/ Fit-For-Purpose Properties -?

o Specification used for quality control

« ASTM D4054-12: “Fit-for-Purpose Properties” refers to
properties inherent of in a petroleum-derived fuel and
assumed to be within a given range of experience. Fit-
for-Purpose properties that are not controlled by
specification but are considered critical to engine
design. Examples include fuel lubricity, seal swell, and
dielectric constant.

« Some pass/fail criteria given in ASTM D4054 — “Basis of
Engine Manufacturers Experience”

— CRC Handbook
— World Fuel Survey
— Other data





§/ FFP Data Collected in Research
Y TS Reports

e Used to support commercial
specifications (data also used for
military certification)

. . COMPARATIVE EVALUATION OF
e Some DOD-unique: diesel SEMI-SYNTHETIC JET FUELS

engines, afterburners...

FINAL REPORT

e Addresses whether “drop-in” fuels
fa" Within experience base Coordinating Research Council, Inc.

3650 Mansell Road, Suite 140
Alpharetta, GA 30022

L COO rdinatEd With COmmerCial Universal Technology Corporation
. o B I . 1270 North Fairfield Road
Aviation Alternative Fuel Initiative Dayton, OH 4432
(CAAF I) CIiffg;ilpﬁ:dl\?'lyoses
Consultant

New Braunfels, Texas

* Need representative set of fuels to
show manufacturing range

CRC Project No. AV-2-04a

Funded by
U.S. Air Force Research Laboratories

(] F _T S P K fu e I S et - 5 throughcsgit:ricr;;;l%I{.”::l'lsr;glzc;gl,:;r_fogr?)oration

September 2008
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FIT-FOR-PURPOSE PROPERTIES

CHEMISTRY

Hydrocarbon chemistry (carbon number, type,

distribution)
Trace Materials/Metals

BULK PHYSICAL AND PERFORMANCE

PROPERTIES

Boiling Pt Distribution

Vapor/Liquid Ratio

Thermal Stability Breakpoint

Lubricity

Response to Lube Improver

Viscosity vs Temp

Specific Heat vs Temp

Density vs Temp

Surface Tension vs Temp

Bulk Modulus vs Temp

Thermal Conductivity vs Temp

Water Solubility vs Temp

Solubility of Air (oxygen/nitrogen)

19 November 2012

Fit For Purpose Properties

FIT-FOR-PURPOSE PROPERTIES

ELECTRICAL PROPERTIES
Dielectric Constant vs Density
Electrical Conductivity and Response to

Static Dissapator

GROUND HANDLING/SAFETY

Effect on Clay Filtration
Fitration (Coalescers & monitors)
Storage Stability

Peroxides

Potential Gum
Toxicity
Flammability Limits
Autoignition Temperature
Hot Surface Ignition Temp

COMPATIBILITY
Other Additives/Fuels
Engine/Airframe Seals, Coatings, Metallics
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\ Fit-for-Purpose Overview

« “Pass” can mean different things, e.g.

— Falls between upper and lower limits of experience
base (e.qg., density, hard limits at 16 C from spec)

— Dielectric constant — falls within experience

— Falls below upper limit or above lower limit (viscosity)
 So, far, FFP properties appear to fall into categories

— Boring — density vs T, dielectric constant

— Interesting — speed of sound, bulk modulus

— Pathological — Cp

— Questionable — pass/falil criteria not obvious (vapor P)
e Several projects ongoing to improve existing data

19 November 2012





Dielectric Constant vs Density

2.3 | |
] ©  World Fuel Survey | 1
i O Shell blend dielectric | o 1
2.25 B <> S-8blenddielectric || S B
- > Sasol blend
i -+ Sasol FSJF
29 L /A camelina/JP-8
I - N KiOR/Jet A 30/70
qv] i :
) L
g L
&) .
Q -
: L
&) 2.1 +—
Q -
D i
0 .
2.05
2 B
1.95 | | j
0.7 0.75 0.8 0.85 0.9
19 November 2012 DenSIty
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&/ Speed of Sound (vs T)

e Not in D4054, but....
O S-8(NIST)

 Important for fuel 0
. O Jet A 4658/S-8 (NIST)
gauges emp|0y|ng 100 = O JetA 4658 (NIST)
T
+

. Jet A 3602 (NIST)
ultrasonic probes

Jet A 3638 (NIST)
e Multiple labs
appear to get
consistent data

e Scatter is data due
to density range
allowed in spec

N S
1600 r A 3 World Survey (Goodrich)

—]\J}— JP-8 speed of sound (SwRI)

= A AN ' i H H ’
1500 [ N —— — —— e -
1400 |

1300 |

Speed of sound, m/s

1200 |

1100 |

1000 L I I I | I I I | I I I | I I I | I I I | I I I
-40 -20 0 20 40 60 80

Temperature, C

19 November 2012 9
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§’/’ Density Effect on Speed of Sound

L& S

 Density the primary
factor in variations 30 C

1300 T T T T T T T T T T T T T T T T T T

amongst jet fuels ; ioRuetA

e Highly isoparaffinic 1280 [ B s
fuels show greatest

1260 o b o BLAL e -

T
= ;
. . L@ TS-10
deviations from 2  wownera O ; ,
: : : - 1240 R N N AR g
density relationship g f | ]
8 120 [ AMEMAHERA 15% ]
5 oomc -
O | | | | 1
§ 1200 7,,5,,,S,h,e,|,l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
o
n
1180 L il |
1160 | | |
0.72 0.74 0.76 0.78 0.8 0.82

Density

19 November 2012 10
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&/ Bulk Modulus (vs Density)

 Explain ~density * 210° [
speed of sound i Kogend
squared 1910° [ — S S s ]
« 2013: Army/DLA 0 | ) |
round robin to g A 7 S A :
verify isentropic 2 TSt comelmatens -
approach using - tauowHEFAjRgmechspK | |
measured speed X el o - |
of sound I V-~ L S
- O Shell SPK | | | |
e A A o o ]

1410° Lo R N U R
0.72 0.74 0.76 0.78 0.8 0.82

Density

19 November 2012 11





 Single line shown

for jet fuel, but
density effect
evident

Watson and Nelson,
Ind Eng Chem, 25,
880 (1933)

19 November 2012

Specific Heat, kJ/kg.K

Heat Capacity (vs T) (1)
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Figure 2-14. Tipical Specific Heat Versus Temperature for Aircraft Fuels





Heat Capacity vs T (2)

 The plot thickens....

i ™y
26
—Jet A Average
24 —Jet A-1 Average
JP-5 Average

—_ = JP-8 Average CRC Data
X 22 —CRC Data
Ky /
--_"-r 2 ——
.‘? ///
Q
o 1.8 .
= / Sampling Data
O 16 -
pra)
g /
T 14

1.2

1 T T T T T T T T T
-40 -20 0 20 40 60 80 100 120 140 160|

Temperature (°C)

FIGURE 6.2.3. FUEL SAMPLING DATA COMPARED TO CRC DATA

World Fuel Sampling Program (CRC Report 647) 2006

19 November 2012 13





« The plot
thickens and
becomes

19 November 2012

c(Jg K"

NIST DSC data, 2012

1| ® Avgas ® JetA-1 JP-10
. HRJ Camelina ® JP-4 ® JP-TS
1l ¢ HRITalow e JP5 @ ss
4.5 IPK e JP7 o
. JetA e P8 o TS‘1
4.0 -
3.5 —
3.0 —
2.5 —
2.0 —
1.5 =
1.0 -
0.5 =

260 280 300 320 340 360 380 400 420 440 460
T (K)

480

14





Heat Capacity vs T (4)

« HEFA Research Report — data is internally consistent

30
A JetA
O SYN-R-8BSD
A UOP-2B50
+ UOP-3B50
& UOP-4B5D
UOP-HRJ-SB50M -
25 ¥ JetFuel, Ref: Zanier & Jackle, Thermochimica Acta 287 (1006) 203-212 ;
—_ | = = CRC Handbook of Aviation Fuel Properties - Jet A/ Jet A-1
"-x R Fusl Sampling Program - Max +
-" | —2C Fuel Sampling Program - Min
£
=32
=
= 201
7]
I L
5] * "
= i CRC - Fuel Sampling Program Range
5]
@ - "
=1
(] L
1.5 1
1.0 f f : : : : f : : : : f
-50 0 &0 100 150

Temperature (°C)

Figure 2-13. SPK Blends Specific Heat Capacity Bio SPK/HRJ/HEEA
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&/ summary

o Fit-for-purpose evaluations of alternative fuels fairly
well in hand

— Some methods need improvement

— Some properties need a better “experience base” with
conventional fuel

« Ontorig and engine testing!

16





Courtesy: Pierre Poitras, Canada QETE

Fuel has some unique challenges!

19 November 2012 17
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National Aeronautics and Space Administration

NASA Biofuel Research

4t International Conference on Biofuels Standards
National Institute of Standards and Technology
November, 14, 2012
Gaithersburg, MD

Dan Bulzan
NASA Glenn Research Center

Fundamental Aeronautics Program
Fixed Wing Project

www.nasa.gov





National Aeronautics and Space Administration

NASA Subsonic Transport System Level Metrics

.... technology for dramatically improving noise, emissions, & performance

TECHNOLOGY GENERATIONS

(Technology Readiness Level = 4-6)
TECHNOLOGY

BENEFITS*

N+1 (2015) N+2 (2020*) N+3 (2025)

Noise

(cum margin rel. to Stage 4) -zl -42 dB 71 dB

LTO NOx Emissions
(rel. to CAEP 6)

Cruise NOx Emissions

-5509, 700 _ano,
(rel. to 2005 best in class) 55% 70% 80%

Aircraft Fuel/Energy Consumption*

-3309 _B5N9, _&0°
(rel. to 2005 best in class) 33% 50% 60%

* Projected benefits once technologies are matured and implemented by industry. Benefits vary by vehicle size and mission. N+1 and N+3 values
are referenced to a 737-800 with CFM56-7B engines, N+2 values are referenced to a 777-200 with GES0 engines

** ERA's time-phased approach includes advancing "long-pole" technologies to TRL 6 by 2015

1 CO; emission benefits dependent on life-cycle CO,, per MJ for fuel and/or energy source used

Fundamental Aeronautics Program

. . . www.nasa.gov
Fixed Wing Project





National Aeronautics and Space Administration

Major Research Areas

Combustion CFD Model Development
Validation Experiments

Low Emissions Fuel Flexible Combustion Concepts
— N+2 Goals (Environmental Responsible Aircraft Project)
— N+3 Goals (Fixed Wing Project)

Alternative Fuels
— Emissions Characterization

Fundamental Aeronautics Program www.nasa.gov s
Fixed Wing Project





National Aeronautics and Space Administration

Combustion FlametubeTesting

Fuel Properties

9-Point Lean Direct — — — —
. . Sulfur (ppm) 400 <1 0.452
I nJ eCtI on CO nce pt Aromatics (%vol) 13.8 ~0 6
Distillation, deg C
IBP 152 153 170
10% 173 181 176
20% 181 193 178
50% 202 222 191
90% 243 259 246
EP 269 270 259
Residue (%vol) 12 12 11
Loss (%vol) 05 09 15
Flash Point, deg C 44 48 52
APl Gravity 46.8 539 459
Freezing Point, deg g -49 -50 <79
Viscosity, mm?/s 42 58 6.6
Cetane Index 48 69 -
H Content (%omass) 141 153 14.3
Heat of Combustion
(MJ/kg} 43.4 441 43.5
Olefins (%vol) 16 05 1
Specific Gravity 0.793 0.763 0797
Fundamental Aeronautics Program WWW.Nasa.gov

Fixed Wing Project





National Aeronautics and Space Administration

Combustion Flametube Testing Results

NOx Emissions

20 7 P8 HRJ  AMIJ 20 Pilot Only JP8 HRI 50/50HR] AMJ 50/50AMJ 25/75AMJ
i . ! \
1030 F, 250 p§la e = 2 1/1030F, 150 psia @ n & A v e A
gggg,gggps!a 2 O N 1/ 850F,150psia O O & A v o
s psia || 650 F, 150 psia @ A v © v
15 15 4
x X |
2 101 S 197
T | o
5_
5_
4 O-
oOo+—T 71— | — 1 Sttt o
0015 0.020 0.025 0.030 0.035 0.040 0.008 0.010 0.012 0.014 0.016 0.018 0.020 0.022

FAR, sample

FAR, sample

Fundamental Aeronautics Program
Fixed Wing Project

www.nasa.gov










National Aeronautics and Space Administration

AAFEX-II: HRJ Fuel Emission Characterizatio

Location: NASA Dryden Aircraft Operations Facility (DAOF)
Palmdale, California

Dates: March 20 - April 2, 2011

Aircraft: NASA DFRC DC-8, CFM-56-2C engines

Fuels: *Standard JP-8

*Tallow-based HRJ & 50% Blend w/JP-8
*Coal-based FT & Coal-based FT w/1000ppm S added

Runtime: 11 separate Emissions Tests, 30.5 hrs total run time

Measurements: Certification gases, smoke, HAPS, PM number, size, mass,
composition, black-carbon content, and morphology

Sponsors: NASA Subsonics Fixed Wing Project, FAA, Air Force

Participants: AEDC, AESO, AFRL, ARI, GRC, LaRC, MIT, MST, MSU, PSU
E-31 Group: UTRC, EPA, Rolls, GE, TSI, NRC-Canada, P&W

Fundamental Aeronautics Program

. . . www.nasa.gov
Fixed Wing Project





National Aeronautics and Space Administration

AAFEX-1l Project Objectives

1) Evaluate alt fuel effects on engine performance and
fuel-handling equipment

2) Determine the effects of alt fuels on engine PM and gas
phase emissions

3) Investigate the role of sulfur in regulating volatile
aerosol formation in engine exhaust plumes

4) Examine the effects of sample line chemistry and
particle losses on emission measurements

5) Conduct tests to support SAE E-31 development of
standard exhaust sampling methods

Fundamental Aeronautics Program

. . . www.nasa.gov
Fixed Wing Project





AAFEX-Il for Biojet replicated AAFEX-I Test Plan

“Right 1-m Rake

—

‘‘‘‘‘

i e

~ B e o, O %L“'!dl!d!l'mf”'l —
4,7, 30 65, 85, and 100% Thrust Runs; Tests conducted in coldest and hottest

parts of day to examine temperature dependencies; had dedicated E-31 probes





National Aeronautics and Space Administration

Fuel Properties (Post-Test)

Tallow

Test JP-8 HRJ FT HRJ/JP-8 | FT+THT
Sulfur (ppm mass) 188 6 4 276 1083
Aromatics (% vol) 21.8 0.4 1.4 10.2 2.1
Initial Boiling Point (°C) 149 158 146 150 151
50% Recovered (°C) 201 209 177 204 177
End Point (°C) 268 254 226 263 224
Flash Point (°C) 46 52 43 46 43
Density @ 15°C (kg/L) 0.811 0.758 0.761 0.783 0.761
Freezing Point (°C) -47 -53 -49 -76 -54 -77
Viscosity @ -20°C (mm?s) 4.1 4.9 3.7 4.3 3.2
Hydrogen Content (%
mass) 13.5 15.3 15 14.4 15
Smoke Point 22 34 34 31 30
Net Heat of Combustion
(MJ/kg) 42.8 43.6 43.8 43.3 43.8
Olefins (% vol) 0.7 0.2 1.6 0.6 1.5

Fundamental Aeronautics Program
Fixed Wing Project

www.nasa.gov 1o






National Aeronautics and Space Administration

Engine Performance

100
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80

40

Fan Speed, N1
(%]
[}

30

20

10

N1 vs Fuel Flowrate - Standard Day & Heating
Value Correction

A

Y

0 2000

4000 6000
Fuel Flowrate, Lb/Hr

8000

10000

+JP8

EHRJRun 1

A HRJRun 2

> HRJRun 3

ACFT

® HRJ/JP8 Blend Run 1
-+ HRJ/JP8 Blend Run 2

Fundamental Aeronautics I-Drogram

Fixed Wing Project

www.nasa.gov u





National Aeronautics and Space Administration

NOx Emissions

25 -
20 -

| C
= ?
(¢b}
- C
E %
o
g 5
~~
2
6 %
= 107 v
L - C ICAO
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0 20 40 60 80 100
N,, Corrected to Standard Day Condition
Fundamental Aeronautics Program 301 WWW.Nasa.gov 1z
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National Aeronautics and Space Administration

Partic

ulate Emissions
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National Aeronautics and Space Administration

Some Leakage Evident with Neat Alternative
Fuels

Fundamental Aeronautics Program

. . . www.nasa.gov
Fixed Wing Project g H





Alternative Fuel Effects on
Contrails and Cruise
§  EmiSSions--ACCESS

f‘h-_!___,"‘“
# v $,

Airborne Version of AAFEX





National Aeronautics and Space Administration

ACCESS Objectives

1. Characterize fuel effects on aircraft particle and gas phase
emissions at cruise altitudes

2. Examine the evolution (growth, changes in
composition/microphysical properties) of exhaust and contrail
particles as plumes age and become mixed with background air.

3. Investigate the role of black carbon concentrations and properties
and fuel sulfur in regulating contrail formation and the microphysical
properties of the ice particles.

4. Survey black carbon and gas-phase emissions and contrail
properties from commercial aircraft at cruise in air-traffic corridors

Fundamental Aeronautics Program

. . . www.nasa.gov
Fixed Wing Project





Chase Aircraft Measurements @

Gas Phase
* CO,, H,0, NOx, CO, Detailed Hydrocarbons (can samples)

Aerosols
e Total and nonvolatile number densities and size distributions
 Black carbon mass and size distribution

Clouds

» Particle size distributions and images
e |ce water content

* Extinction coefficient

Aircraft/State Parameters
e Total and static Pand T
 Forward video
3D winds

Langley Falcon 20

Fundamental Aeronautics Program
Fixed Wing Project





National Aeronautics and Space Administration

ACESS Test Plan

Location: NASA Dryden Aircraft Operation Facility

Dates: January 15 — March 15, 2013

Aircraft: NASA DC-8: Source Aircraft
NASA Falcon 20: Chase Aircraft

Fuels: Standard JP-8
50:50 JP-8/HEFA

Blended Fuel

S

Fundamental Aeronautics Program— www.nasa.gov
Fixed Wing Project





National Aeronautics and Space Administration

Questions?

Fundamental Aeronautics Program

. . . www.nasa.gov 1
Fixed Wing Project
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A Complete Supply Chain Approach
|

USDA & DOE ~ USDA  USDAbiomass p,n e pOR FAA & DoD USDA & DOE  Fuel
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FAA CLEEN Program Goals

-32dB

-42dB

It Isn’t Just About the Fuel....

-71dB

19 November 2012

cum below Stage 4 cum below Stage 4 cum below Stage 4
-15% better than -75%
-50% better than -70%






WARFIGHTER FOCUSED, GLOBALLY RESPONSIVE SUPPLY CHAIN LEADERSHIP

e Petroleum Quality Information System — 2011 report
 DOD buys mostly jet fuel (and marine diesel)

Bulk Products Represented by Percent Volume 2011—Transportation Method by Percent Volume
Total 2011 U.S. Gallons—3,533,013,357 Total 3,526,301,297 U.S. Gallons
RME JA1 Tank Truck " Barge

0.17% 13.24% 4.42%
F76 JP4

17.27% 0.03%

12.02% \

JP5
15.06%

0.19%

= Tanker.
34.37%

® Pipeline
49.20%





!..ﬁ'l;*f!_ WARFIGHTER FOCUSED, GLOBALLY RESPONSIVE SUPPLY CHAIN LEADERSHIP

Con;ract ?\&T}:ﬁ? Company Product Award Date| Quantity Cost per Gallon Total Feedstock Service
1 |o7-D-0486| shen |77 'SOKF:Laﬁi“iC 6-Jun-07 | 315,000 $3.41 $1,074,1F0 Mat Cae AF
T HIGH FLYIN'’
> |os-D-0406| sasoL |7 'SOKF;?Laﬁ'”'C 26-Jun-08 | 60,000 $3.75 $225,0 AF
3 |08-D-na07l sasor |FTIsoParaffinic] o, o 335 00N #3090 #1206 5 AF
4 09-D- [ Navy
5 09D Total Gallons Total Cost Avq Navy
6 |09-D- : AF
709D _. Thg price o{' a gallon "
) og_D.FISCher TrOpSCh 7301000 $2r745;650 | ijafmhm—.bmfd /6 Navy
Air Force jet fuel.

S That makes the A

-,Hydrotreated Renewable 1,085,450 $41,400,070 | _ 7 . 14—

P | Navy’s $27-per-gal. | Ny |

Opt | biofuels—a price AF

optAlcohol to Jet 11,000 $649,000 | that rritates biofuel DO__ar
10 |11-D-0526| Gevo ATIS 23-Sep-11 | 7,000 $59.00 $413,04 . ¢ 5 AF

Option | Gevo ATJ8 28-Sep-11 | 4,000 $59.00 $236,00 opponents on AF
11 |11-D-0530] UOP HRJ8 30-Sep-11 | 4,500 $33.00 $14854 (g pitﬂ‘f Hill—seem Army
12 |12-D-0549] Dynamic HRJ5 30-Nov-11 | 100,000 $26.75 $2,675,0 ; : Navy

CLIN . like a bargain

001 | Dynamic HRD76 30-Nov-11| 350,000 $26.75 $9,362,5 | - Navy
13 HRJS 4,500 : Army

Time, 7/30/12
Total Gallons Total Cost Average Cost per Gallon
Fischer Tropsch 730,000 S2,745,650 S3.76
Hydrotreated Renewable 1,085,450 $41,400,070 $38.14

Alcohol to Jet 11,000 $649,000 $59.00 5





Alternative Fuel Evaluation (ASTM

D4054, MIL HDBK 510)

I
|
Specification Fit-For-Purpose Component/Rig Testing - | Engine/APU
Properties Properties operability, durability | Testing
“R&D” I “Certification”
Review
LHHIMI) et @ BOEING -
%E!IEJT#. RejectL—,| Re-Eval Honeyw ell ReAsse-:\::-_-h
Specification \
ASTM D7566 e
Revision ASTM Balloting FAA & OEM Review
Process & Approval

CRC Emerging Fuels Group Federal Aviation

Administration

May 5, 2010
Mark Rumizen, FAA/CAAFI
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\/ DOD Certification Status (11/2012)

NS
0

« SPK (Fischer-Tropsch synthetic paraffinic kerosene) —
complete

« HEFA (aka HRJ) — essentially complete (AF: F119 test
remains). Great Green Fleet sailed.

 ATJ (alcohol-to-jet) — AF program through Phase | (A-
10); Navy procurement in progress,; Tri-Service Working
Group established

« Now what?
— DOD looking at HDCJ, DSHC, HSK etc fuels





A b . . :
@\\\j Tri-Service Alternative Fuels Team
R T4 Organization
_Ch;nis_try?eaE = 7 7" | Executive Committee
I— — mm mm = == ] A \ Secretariat

Aviation:
-~ “‘ _ ~ HulsionTeam

Materials Te

" 4

pment Team

Toxicology






DSHC - direct sugar to
hydrocarbon

ATJ — alcohol-to-jet

HSK — hydrodeoxygenated
synthetic kerosene

SKA (vs SPK) —
synthetic kerosene w/
aromatics (F-T and ATJ
variants)

HDCJ —
hydroprocessed
depolymerized
cellulosic jet

=

Figure (modified) from Mark Rumizen/FAA

Fermented Sugar to HCs

Genetically | Jet Fuel
=M Engineered
: Product
Microbes

et
Alcohol to Jet (ATJ)

T

"
LE Alcohol

Fermentation Dehydration

Catalyzed Sugar to HCs

Olefins

S corn stover|

-’QJ»

Conventional Refinery
Processes

S A

Olefins

Pretreatment Catalysis

Catalytic Hydrothermolysis (CH)

Plant/Animal
Qils

Qil Extraction
Catalytic

Hydrothermelyvsis

Pretreatment Pyrolysis

Pyrolysis
K

Bio-Crude

i Jet Fuel
Hydroprocessing

Conventional Refinery
Processes

3. !
Hydronrocessing

& Fractionation

Jet Fuel





Gevo, Luverne MN,
18 M gallyr
iIsobutanol

Dynamic Fuels,
Geismar LA, 75 M

gallyr

KiOR, Columbus
MS, 11 M gallyr

Amyris, Brazil, 17 M
L/yr hydrocarbon

19 November 2012 10
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- Data Collected in Research Reports

Used to support commercial
specifications (data also used for
military certification)

e Some DOD-unique: diesel
engines, afterburners...

Addresses whether “drop-in” fuels
fall within experience base

Coordinated with Commercial
Aviation Alternative Fuel Initiative
(CAAFI)

Over next two years, expect:
e ATJ (SPK+SKA)
e HDCJ
e DSHC

COMPARATIVE EVALUATION OF
SEMI-SYNTHETIC JET FUELS

FINAL REPORT

Prepared far
Coordinating Research Council, Inc.
3650 Mansell Road, Suite 140
Alpharetta, GA 30022

Universal Technology Corporation
1270 North Fairfield Road
Dayton, OH 4432

Prepared by
Clifford A. Moses
Consultant
New Braunfels, Texas

CRC Project No. AV-2-04a

Funded by
U.S. Air Force Research Laboratories
Contract F33415-02-D-2299
through Universal Technology Corporation

September 2008
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Data Enables Certification

2.3 | |
] O  Dielectric constant | 1
i O Shell blend dielectric | o 1
2.25 B <> S-8blenddielectric || S B
- > Sasol blend
i -+ Sasol FSJF
29 L /A camelina/JP-8
I - N KiOR/Jet A 30/70
qv] i :
) L
2 |
&) .
Q -
: L
&) 2.1 +—
Q -
Q i |
Q 205 - qul Gauges Operate Correctly!
2 I S S i
I VAN - ]
195 i | i ]
0.7 0.75 0.8 0.85 0.9
19 November 2012 DenSIty

12





k Y
\/ DOD Alternative Fuel Evaluation

 Challenges
— Gas turbine combustor operability (blowout, relight)
— Diesel engine performance
— Lubricity
— Material compatibility (non-metallics)
— Infrastructure/handling/additives

 Needed - link between composition and
performance to create compositional limits in
specifications

19 November 2012 13





; \ P . N \.\\‘\ {
_ o
\ 4 Summary 4\
e A P
: \/

e International collaborative effort has been enabling
alternative aviation fuel development

— Partnering over entire fuel life cycle required
(production to deployment/use)

« U.S. Government interagency collaboration also key
enabler

 Funding challenges will limit pace of program
 Fuels available for collaborations

— Sasol IPK

— HEFA (various)

— ATJ SPK (maybe)
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