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A4A Fuel Technical Committee Membership

Mark Bourdeau, United Airlines, Chair

*Nathan Gerlich, Southwest Airlines, Vice Chair
eJack Schirmer, Alaska Airlines

*Haydee Carlton, American Airlines

*Bruce Robinson, Atlas Air

*Seth Dillon, Delta Air Lines

*Mohammed Ahmed, Evergreen International Airlines
eLarry McKinnerney, Federal Express Corporation
*Robert Maguffin, JetBlue Airways

*Kevin Flick, UPS Airlines

*Hung Nguyen, US Airways

eJohn Antonopoulos, Air Canada (Associate Member)
*Martin Hunnybun, Energy Institute (Technical Contributor)
*Robert lasenza, FSM (Technical Contributor)

t Airlines for America





A4A Industry Affiliations

e ASTM International

e ASTM International Coordinating Research Council (CRC)

e Coordinating Agency for Supplier Evaluation (CASE)

* Energy Institute (El)

* International Air Transport Association (IATA)

* International Air Transport Association Fuel Quality Pool (IFQP)
e National Fire Protection Association (NFPA)

e SAE International (SAE-85, G-12, G-16)

t Airlines for America
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A4A Fuel Technical Committee Activities

*A4A Fuel Technical Committee oversees the fuel quality process
*Mark Bourdeau United Airlines Chair
*Nathan Gerlich Southwest Airlines Vice Chair
OAd hoc committee wrote MIA Variance Procedures
*ATA Spec 103 Work Group oversees revisions to the specification
*Chaired by Nathan Gerlich-Work Group assembled from every level of the
supply chain
*Spec 103 focuses on airport fuel quality
In use at over 500 airports and US military bases
*General redraft will close gaps with other internationally used fuel quality
standards
eLast edition is January 2009
*Revision expected to be published by 1t quarter 2013

t Airlines for America
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A4A Partners in Fuel Quality

 AA4A has teamed with industry experts and associations to
ensure that jet fuel quality standards are recognized, adopted

and enforced worldwide:
e ASTM International
e Defense Logistics Agency-Energy*
e Energy Institute*
e International Air Transport Association
e Joint Industry Group
e SAE International

e Shared Inspection Group
* Memorandum of Understanding in place

t Airlines for America
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A4A Partners in Fuel Quality

* AA4A actively supports IATA in the rapid resolution of fuel quality
problems outside the USA
e Common interest in safety and quality, and avoidance of disruptions
e A4A Members Contributed to the Manual on Civil Aviation Jet
Fuel Supply

* Industry “signpost” document written for International Civil Aviation
Organization (ICAO)

t Airlines for America
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A4A Fuel Volume Demand

e A4A members consume 17 billion gallons of jet fuel in the US

 DLA-Energy/USAF is investigating changing to Jet A in the US at
shared facilities
e Potentially adds another 3-4 billion gallons annually to US volume

 A4A and DLA-Energy may use up to 50% alternative fuel blends
e Largest 25 US airports consume over 90% of the US jet fuel

* Regional alternative fuel production would:
e Shorten supply chains
 Enhance supply security
* Provide regional employment opportunities

t Airlines for America
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A4A Fuel Quality Requirements

e A4A and 5 member airlines actively support ASTM in the
development of rigorous fuel quality standards
e ASTM D1655
« ASTM D7566

* A4A works with its supply chain world-wide to ensure that the
fuel quality is maintained from the refinery to the wing-tip
 Working with CAAFI to keep the focus on fuel quality

e A4A Members Contributed to the Manual on Civil Aviation Jet
Fuel Supply

* Industry “signpost” document written for International Civil Aviation
Organization (ICAO)

t Airlines for America
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Supply Chain Fuel Quality Documents

JIG 3 JIG 3 JIG 1, 2 AND 4*
*small airports

ATA 103**
**primarily US

El 1530 El 1530 El 1530 El 1540

API 1595 API 1595

ﬁ Airlines for America





Basic Strategy to Improve Fuel Quality

e Meet with key refiners, terminal operators, pipeline companies
individually to establish quality goals

e Establish mutual quality goals and understand the potential
problems
e ASTM D 1655 and D 7566 are used as the key specifications
e Local accommodation (i.e. protocols for blending of fuels on-airport)

e Establish a communication network to facilitate problem
resolution

e Meet periodically with each supply chain element in ad hoc
committees or at ASTM, etc.

 Reinforce the performance with each supply chain element

t Airlines for America
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Review of Progress

* In the initial stages of quality partnerships

e MOU with DLA-Energy assisting in cooperative relationships
e Joint efforts with USAF and GIFTPAC

e Airlines focused, coordinated and unified in their purpose

* Fuel quality excursions dramatically reduced over the past 2
years

e Airline participation in key industry groups dramatically
increased-suppliers are taking notice

* ICAO Signpost Manual will be a key tool for future airport
construction

t Airlines for America
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Future Activities

 Adopt policies and programs which support the A4A Board of
Directors 2012 goals and objectives
e Alternative fuels-ASTM
e Jet fuel supply chain management

* Research and implement programs which meaningfully and
economically enhance fuel quality and safety

 Encourage the use of the standards referenced in ICAO Signpost
Manual for future airport construction

t Airlines for America
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@__ﬂﬂf]ﬂﬂ The Boeing Company
James D. Kinder, Ph.D.

Technical Fellow
Boeing Commercial Airplanes

New Fuels for Aviation- An Aircraft
Manufacturer’'s Perspective

BOEING is a trademark of Boeing Management Company.
Copyright © 2010 Boeing. All rights reserved.





New Fuels Quiz

Question?

What is an aircraft manufacturer worried about in regards to approving a new
turbine fuel from non-conventional processes and feedstocks?

Is the answer...
A) Interaction with Materials B) Impact on our fuel system

C) Jet Engines D) Performance of the aircraft

E) Fuel Handling and Storage

F) Is the specification rigorous enough to insure the production of high
quality fuel

And the Answer is.... EVERYTH I NG'

Copyright © 2011 Boeing. All rights reserved.
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Boeing Supports “Drop-In" Fuels

= Meets fuel performance
requirements

= Requires NO change to
airplanes or engines

= Requires NO change to
infrastructure

= Can be mixed or alternated with
today’s Jet-A fuel

A new way of making the same fuel

Copyright © 2011 Boeing. All rights reserved. 3





ASTM Fuel Approval Process- ASTM D4054

Test Program > OEM Internal Review > Specification Change >
OEM Internal Review Reject or
Fuel Specification i b Additional
Properties 1] ., @!ﬂf]ﬂa Data as
M MBBHE Required
' ASTM
Review
@ & Ballot
Fit-for-Purpose “AIRBUS
Properties Honeywell
> (e?o(\ .
Reject or
Additional

Component or Rig |s — Data as

Required \
Tests . = Research a
S . Report
£
g
FAA 2\ .
i g Review o 8
Engine Endurance 1 ASTM
Test OEM Approval Specification

Incorporate into Fuel Specification with
FAA Consensus

Copyright © 2011 Boeing. All rights reserved.
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Fit for Purpose Tests

"Chemistry" :
Hydrocarbon chemistry
Hydrocarbon Types
Aromatics
Hydrogen
Trace material
Organics Carbonyls
Alcohols
Esters
Phenols
Inorganics: N
Trace Elements
Cu
Zn, Fe, Va, Ca, Li, Pb, P, Na, Mn, Mg, K, Ni, Si
"Bulk physical and performance properties' :
( Boiling point distribution \
Thermal stability breakpoint
Viscosity vs temperature

Density vs temperature
Water solubility vs temperature
Flash Point

\ Freeze point )
"Electrical properties" :
Dielectric cste vs density

Electrical Conductivity and response to static dissipator
"Compatibility" :

With other additives and fuels

With engines and airframe seals, coatings and metallics

Copyright © 2011 Boeing. All rights reserved.

UOP,
oxygenated
species

ASTM test method

D2425
D1319 or ASTM D6379
D5291 or D3701

E 411

UOP 656 or EPA 8015B
EPA 8260B

EPA 8270C

D4629

D6732
D7111

D86

D3241 Appendix X.2
D445

D4052

D6304

D56/3828

D2386 and 5972

D924
D2624

D4054 Appendix B





Fit for Purpose Tests

@ physical and performance propeb

Vapor-Liquid ratio D6378
Lubricity and response to lubricity improver D5001
Specific heat vs temperature E1269
Surface tension vs temperature D1331
Bulk modulus vs temperature D6793
Thermal conductivity vs temperature D2717
Solubility of air (O2/N2) 1148, 1827,2779, 2780, 3827

""Electrical properties' :
Dielectric cste vs density D924

"Ground handling / safety" :

Flammability Limits E 681
Autoignition Temperature DE 659

Hot Surface Ignition Temperature / FTS 791C method 6053 or ISO 20823

Copyright © 2011 Boeing. All rights reserved.





Fit for Purpose Tests

[ "Ground handling / safety" :
Effect on Clay Filtration
Filtration- coalescers filters and monitors (water fuses)
Storage Stability:
- Peroxides
\ - Potential gums

Toxicity

Copyright © 2011 Boeing. All rights reserved.

D3948
API 1581 (/// SAE J 1488)

D3703
DS304

DoD handbook Aerospace Fuels
Certification, Appendix G





ASTM Fuel Approval Process- ASTM D4054

Test Program > OEM Internal Review > Specification Change >
OEM Internal Review Reject or
Fuel Specification i b Additional
Properties 1] ., @!ﬂf]ﬂa Data as
M MBBHE Required
' ASTM
Review
@ & Ballot
Fit-for-Purpose “AIRBUS
Properties Honeywell
> (e?o(\ .
Reject or
Additional

Component or Rig |s — Data as

Required \
Tests . = Research a
S . Report
£
g
FAA 2\ .
i g Review o 8
Engine Endurance 1 ASTM
Test OEM Approval Specification

Incorporate into Fuel Specification with
FAA Consensus

Copyright © 2011 Boeing. All rights reserved.
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WHAT'S ON THE HORIZON?

Jollier Trophy 1994 787 Collier Trophy .

Copyright © 2011 Boeing. All rights reserved.





Feedstocks for Bio-Derived Fuel for Aviation

Feedstocks

Algae
Cellulosic #& No single Algae
“winning”
athwa )
2 4 Cellulosic
Sugars Sugars
Waste
Waste Oilseeds

b
»

Time

Today
Oilseeds

Copyright © 2011 Boeing. All rights reserved. 10





Sugar to Jet production Routes

il
Sugar

TN

Alcohol

Yeast

Bacteria

Hydroreforming  Algae

JE-F.UEL






Boeing’s Role in Making Biofuel a Reality
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Boeing Global Biofuel Engagements

Recent and Active Biofuel Projects Outcomes
VAL Inaugural Chinese First Boeing delivery
e «,, biofuel flight biofuel flight = ASTM & DEF
-: ' STAN approval
i = SAFUG!
*RINs for jet established

1. Sustainable Aviation Fuel Users Group

Copyright © 2011 Boeing. All rights reserved.

North America

commercial flights

MOU Hawaii
Bioenergy

Project
‘Flight Path

P2 $500M grants
*Farm to Fly

. |
& |

= Commercial flights
from June, 2011

* Focused regional
research projects

= Biofuel roadmaps
published

14





Moving From Dreams to Reality

Aviation Biofuel Progress

= ASTM approval for commercial use
= Approval for military use

= Regional assessments

= Favorable policy developments

= Commercial flights continue

Next Steps

= Continued emphasis on sustainability

= ASTM approval of new fuels

» Research - expanded feedstocks/pathways
= Commercial production scale-up

Copyright © 2011 Boeing. All rights reserved.
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Questions?

Copyright © 2011 Boeing. All rights reserved.
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Aviation JET Fuel Standard

CURRENT ISSUES, FUTURE TRENDS
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Aviation JET Fuel Standard- Current Issues, Future Trends - EYIC - Ref. X28PR1250098 - Issue 1 November 2012

Aviation Is Interstate & Intercontinental

Fuel is a single point failure condition that
could have catastrophic consequences.

7, AIRBUS
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Aviation JET Fuel Standard- Current Issues, Future Trends - EYIC - Ref. X28PR1250098 - Issue 1 November 2012

Aviation JET Fuel Standard
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Most aviation fuel is compliant with AFQRJOS & meets

the requirements of DEF STAN 91-91 & ASTM D1655

Page 4 @ AIRBUS

© AIRBUS S.A.S. All rights reserved. Confidential and proprietary document.





Aviation JET Fuel Standard- Current Issues, Future Trends - EYIC - Ref. X28PR1250098 - Issue 1

Harmonization

* Active players include

& AIRBUS (L #socve Honeywell 0 E Rolls-Royce %snecma
T bp
Chevron .
N0 AY Ex¢onMobil
M \ ir “ iy - X Ll PETROBRAS @ Tg_

e Def Stan 91-91 & ASTM D1655 are the major world specifications that most other
specifications and standards use as references e.g.:

* Differences between Def Stan, ASTM and GOST include:
* Freeze point, Acidity, smoke point, conductivity, mandatory additives

Specification harmonization enhances
aircraft operational safety

Page 5

© AIRBUS S.A.S. All rights reserved. Confidential and proprietary document
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Aviation JET Fuel Standard- Current Issues, Future Trends - EYIC - Ref. X28PR1250098 - Issue 1 November 2012
——————

Evolution

Coal
Natural gas

.
=7

Crude oil, heavy CTL GIL
oil, oil sands & ! 1
natural gas liquid
condensates
v
Crude Y v
Vacuum Column
Vacuum gas oil J Paraffins Paraffins Alcohols
. ' ‘ ‘
Selective Selective Selective
Hydro-Treatment Hydro-Treatment Hydro-Treatment
Processes Processes Processes
Light fuels

No Alternative Fuels are approved today, only different

pathways to JET Al

Page 6 @ AIRBUS
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Aviation JET Fuel Standard- Current Issues, Future Trends - EYIC - Ref. X28PR1250098 - Issue 1 November 2012

Current Issues

 Changing Supply chain:

_ m.g@@
o Supply Disruptions

m earlier this year,

ency quarantine at Birmingha

. Jiesel led to an emerg 1 O e
minated by biodiese UK airport. o high levels of oo
Jet fuel contd lies and threatening closure of tﬁe - ..nh shared pipelines detected .,g' ham and ! 5
disrupting SUPPIE o el that had been PiPe ~inal near Birming —_— Prcr,
On 14 May 2008, testing of ding to tanks i

d methyl ester - lea

FAME - fatty aci

¢ being shut.
neighbouring interna or g

tional airp

Info rmation Civil Aviation Authurity
Notice lNFDRMATIGN NOTICE

Numbegr: IN-20121115

Exzueg: 18 July 2913

Jet Fuel contaj
ontaining Fatty Acid Methy gter {FAME|
v }

This Ietfarm
a3
Matice SOy ll'lh]l"'-llﬁll thai is [
dukdangg

 Resolving The Issues

andinr AW,

JET Al contamination by FAME is
an ever present safety concern

Page 7 @ AIRBUS
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Aviation JET Fuel Standard- Current Issues, Future Trends - EYIC - Ref. X28PR1250098 - Issue 1 November 2012

There Is NO Parking In The Sky

Aircraft require same fuel & fuel quality wherever they fly.

7, AIRBUS
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Overview: Aviation Synthetic Gas Turbine Fuels

Advanced Engineering &
Technology Division

1ISO 9001 Registered

= Commercial aviation: Active in developing semi-synthetic and fully
synthetic fuels as part of compliance with carbon based regulations.

= Fuel blends of biological based synthetic paraffinic kerosene (Bio-
SPK), synthetic paraffins & Aromatics and petroleum kerosene

Beneficial to life cycle CO, emissions.

Use recently developed sources of material, production processes and
standards and procedures.

Drop in fuel: no changes required to existing aircraft, engines, manuals, etc.
Meet airworthiness requirements for commercial aviation use.

= Aviation industry (airlines, fuel suppliers, regulatory agencies,
aircraft companies and engine companies)

Present systems are tolerant to petroleum based fuels.

— Approach is to show Bio-SPK fuel blends are functionally equivalent to

petroleum kerosene.

e —






Engine Manufacturer’s Concerns

Tt OEM-ROIE:
* Design Fuel-efficient Engines
« Validate Alternative Fuels
— Support customer initiatives
— Evaluate impact on the engine

— Provide a timely and cost-effective path
for approval and field use

— Provide political support, demonstrate
commercial viability, fuel development

Aviation Bio-Fuel Expectation:
« High Energy Content

* Drop In-technology Invisible to the Engine

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

e Does No Harm






Belcan

Advanced Engineering &
Technology Division

1ISO 9001 Registered

Fuel Relevance to FAR 33 Certification

Paragraph
number

Paragraph title

Proposed substantiation for
fuel change

33.5

Instruction Manuals

Revise installation and
operating manuals

33.7

Engine Ratings and Operating Limitations

Establish approved fuels

33.65

Surge and stall

Address effects of fuel
properties on starting and
operability

33.67/.91

Fuel System/Component Tests

Certify fuel system for
recharacterized/new fuels

33.68

Induction System Icing

Address effects of fuel
properties on combustion
efficiency and operability

33.69

Ignition System

Some engines use this
section for starting

33.73

Power or Thrust Response

Address effects of fuel
properties on operability

33.76

Bird Ingestion

Address effects of fuel
properties on combustion
efficiency and operability

33.78

Rain and hail ingestion

Address effects of fuel
properties on combustion
efficiency and operability

33.87

Endurance Test

Address effects of fuel
properties on durability

33.89

Operation test

Address effects of fuel
properties on operability

e —






Belcan

Advanced Engineering &
Technology Division

1ISO 9001 Registered

Safety
Flash Pt., Freezing Pt.
Microsep

Certification

All Characteristics

Cost of

Ownership
ThermalStab.
Exist. Gum
Sulfur

Durability
As Above
Lubricity
Acidity

Performance

Heating Value
Density
Flash/Freezing Pts.

Maintenance

Same as Durability

System Design
& Materials

All Characteristics

Impact of Fuel Properties

Future Technology

Specific Heat, Thermal Stab.
Aromatics, Sulfur/polar Materials

Legacy Hardware

Aromatics, lubricity

Fluid Performance

Prediction

Freezing Pt., viscosity

Distillation, Thermal stability

Trent 900

Physical
Properties

Deposition
(coking)

Thermal stability, Gum,
Distillation

Hot- Section Life

Thermal Stability, Acidity
Aromatics, Sulfur

Emissions

Aromatics, Sulfur
distillation

Cold Start &
Alt re-light

Flash Pt., Heating Value
Distillation, viscosity

Material
Compatibility

Aromatics, freezing pt.
Acidity, Copper Strip

Chemical
Properties






GE Biofuels (HRJ) Testing

Advanced Engineering &
Technology Division

1ISO 9001 Registered

Continental - January, 2009. CFM56-7B. Ground test...
performance, operability, emissions. Flight
test...altitude relights.

KLM - November, 2009. CF6-80C2. Ground
test...limited performance, operability.

F/A-18 Green Hornet - 1st half, 2010. F414. Component, ground, =
and flight tests.

F110 - AEDC altitude testing.
T700 Apache - Complex aerobatics. June 2010.
Azul Airlines - June, 2012, CF34-8. ATJ Fuel & E195,

ground operation & flight testing






Military Alternative Fuels...

“omor s DOD is providing global leadership.
NAVY Air Force

* F414 Biofuels... component and
ground test complete.

* Flight Test. 1st supersonic
biofuels flight. 1st
augmented flight.

 F-T qualification.

* Biofuels qual initiatied. A-10
flight completed in late March.

* F110 ground test at AEDC.






Future Pathway Issues for ASTM & OEM’s

Advanced Engineering &
Technology Division

1ISO 9001 Registered

Use Information Accrued to shorten the Approval Process

- Identified H/C within normal Jet fuel H/C distribution.
- Identifying Process residuals and contaminates for remediation.
- Re-scope Material Compatibility requirement.
Will Future Synthetic Fuels respond to current Test Methods?

Diversity of Test Fuel Samples

— Are Multiple Producers Necessary?
« Demonstrates “Robustness” of Process/Annex Criteria

— How to Handle New Pathways With Proprietary Processes?

— Alternatives for Demonstrating “Robustness” of Process/Annex Criteria?
— Fuel production of capacity demonstrated by applicant.

D7566 Annex Definition Parameters

— Feedstock

— Process

— Fuel Composition and Manufacturer’s Specification for QC purposes.
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Lufthansa Biokerosene Flight Evaluation Results

Dr. Alexander Zschocke, Lufthansa
4th international Conference on Biofuels Stadards
Gaithersburg, 22. October 2012
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Burn FAIR: A321 in daily operation with HVO Biofuel

Biofuel on scheduled passenger flights:
First ,,green city pair“ worldwide ——
Four daily roundtrips HAM-FRA-HAM
with A321 for 6 months

Frankfurt

A/C fuelling in Hamburg only, but within
Minimum Ground Time

Research of engine performance:
one engine to operate with 50% blend of | Y Yo
HVO kerosene

TR = wﬁ """" S
Joint research activity of 12 universities and
industry partners under Lufthansa leadership == -
| - PR T
Partly financed by German Ministry of S — S

Economics and Technology

Pure A STAR ALLIANCE MEMBER P ™





Why do a flight evaluation project?

ASTM 7566 produced biofuel blends are essentially safe to use

Very similiar to conventional kerosene
Extensive tests by ASTM members

However: Minor differences exist, and trouble can lurk in detail

Safety issues unlikely, but operational issues possible

Lab tests cannot perfectly replicate operating conditions
Behaviour of large volumes conceivably different from that of small volumes

Some particular concerns:

Potential unmixing of blend due to density difference
Microbiological contaminations

Also, risk of unknown unknowns

Pure A STAR ALLIANCE MEMBER P ™





Risk analysis

Hamburg

Inherently safe set-up, as only one engine
operated on biofuel blend

Low-risk route B rkturt
Chosen because FRA and HAM are maintenance bases

However, other considerations:
* No flying over water

* Severals alternates between FRA and HAM

First flight with bio kerosene blend without HVO N
passengers 12. July 2011 JET-A1 50/508 Ofo — ?y
S

Test of non-normal situations JET-AT %

In-flight engine relight
Gravity feed

Smooth flight, no issues observed

Pure A STAR ALLIANCE MEMBER P ™





In-service evaluation flights

First commercial flight 15. July 2011
Last flight 27. December 2011
Total of 1.187 flights performed

Fuel consumption 1.557 tonnes bio
kerosene blend

No operational issues reported by flight crews

Engine parameters monitored during evaluation via ECM
Increase in frequency of downlinks
Evaluation of messages by MTU using proprietary software

Calculation of variances between predicted and actual parameters for both the bio kerosene and the
reference engine, then calculations of difference between both engines

No significant differences between engines, and no trend

& Lufthansa
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Cruise — EGT and N2 difference trend
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Fuel consumption

Theoretical expectation before flight evaluation was of
slightly lower fuel consumption (in tonnes)
Engines are unchanged
|:> Energy requirement is the same

Biofuel has no aromatics
|:> Energy density of biofuel is slightly higher

I:> Slightly less tonnes of biofuel blend should be required for the same thrust

Energy density of biofuel blend: 43.68 MJ/kg
Average energy density of conventional fuel at Hamburg airport: 43.27 MJ/kg

Fuel consumption should be lower by 43.68/43.27 — 1 = ca. 1 per cent
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Cruise Fuel
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Fuel behaviour in tank

No unmixing observed
Monthly tests of density at top, middle and bottom
of tank
Density consistently at 0.783 throughout the tank

No microbiological issues
Fuel drained from aircraft and inspected every nine days
Full lab analysis for microbial contamination performed
10.10.2011 (four months after product was put into tank)
No adverse findings, lab-determined microbial contamination
levels at or below detection threshold

Full ASTM D-1655 analysis performed after end of evaluation,
all parameters on-spec
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Conductivity behaviour

250

. .. 200 — Conductivity
Running sample conductivity [pS/m]
regularly measured A,\/\ —Temperature

150 N\ [°C]

Performed when trucking fuel from

storage to airport
g p 100 -

Sample frequency typically every two
to three days

Normal behaviour of running sample

Slow decrease of conductivity over time S
Conductivity rising and falling in parallel N N NS NS N
with temperature

Conductivity always well above limit value of 50 pS/m

For fuel sampled at bottom, slight rise in conductivity over time observed
Different from behaviour of running sample conductivity

Conductivity increase traced back to small accumulations of iron at bottom, due to the harbour tank
being uncoated - not unusual, and not specific to bio kerosene
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Post flight-evaluation boroscope inspection
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Post-flight evaluation of tank and fuel-bearing aircraft parts

Tanks vented and inspected after end of flight i‘i
evaluation _ * ¥

No contamination found in inspected area,;
whole tank in very good conditions with no
adverse findings

Fuel bearing parts removed from aircraft after
end of flight evaluation programme for detailed
inspection

Two findings
Yellow discolorations on bio kerosene side
Less fuel pump cavitations on bio kerosene side

Removed parts are in good condition. Measured parameters are within limits. Seals
and tightness were checked good





Yellow discoloration

Yellow discoloration present at bio kerosene
engine side only

Present at all fuel bearing parts between tank and
engine where part was exposed to fuel flow

Could largely be removed by cleaning
Did not obstruct normal functioning of parts even before cleaning

Cleaned pump parts analyzed by Airbus after discoloration had been removed by
cleaning; no unusual surface impacts found

Probably due to difference in sulphur content between conventional kerosene used
for blending and conventional fuel used at Hamburg airport
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Less fuel pump cavitations

Impellers of fuel pumps powered by conventional kerosene show usual
amount of cavitation damage

Positive surprise on bio kerosene side: Visibly less cavitation impact on impellers
of fuel pumps powered by bio kerosene blend, no open-pore damage as yet

JetA-1 - side Bioblend - side
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Probable reaon for impeller damage difference

Lower impeller damage
probably due to higher vapour
curve of bio kerosene blend

Caution:

\

Snapshot after less than 2,000
flight hours

Only about 10 % of typical flight
time before impeller replacement

Longer observation time necessary
for definite statement

Also, may well be batch-specific
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Post-flight evaluation of fuelling equipment

All fueling of bio fuel blend done from one bowser

Inspection of fuel monitor elements
New elements inserted before start of flight evaluation

After end of flight evaluation (total throughput 2.008 cbm),
fuel monitor elements replaced and analysed in lab
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Overall performance of fuel monitor elements
within specifications: Water Slug Test passed

Water absorption capacity of individual SAP material
On spec behaviour of larger grained T150 material: Test passed

Hydrophobic behaviour of fine grained T145 material: Test failed

Result verified by second lab using different sample of same filter material





Investigation still ongoing

No differences to new filter
visible using electron microscopy

No relevant findings using gas

| R1/9449, B18, Filt unkle Seite
SE_MAG: 1000 X

R1/9449, BOS, Filter, Tl 145, neu

Ch romatograp hy SE MAG: 1000 x HV: 5,0 kV WD: 18,0 mm mm
New Filter Hydrophobic Filter

Some candidate findings identified using liquid chromatography

However, analysis difficult due to lack of reference sample
Fuel elements typically only removed and analysed after throughput of tens of thousands of cbm

Unknown, how fuel monitor elements normally look like after 2,000 cbm of throughput

To obtain reference sample, new filter inserted into bowser truck, used for routine
fuellings of 2,000 cbm of conventional kerosene, and then removed

Unfortunately, at time of receipt of reference sample, lab had to undergo unplanned
major building work

Set back work by some two months

Building work now finished

Analysis results expected early December





Emission of particles

Initial approach:
Measure emissions from bio-blend engine
and from reference engine, and compare

However:
Bio-blend contains conventional fuel blended in
Finnland
Fuel for reference engine is variable, depending on what fuel is used in Hamburg
As Hamburg kerosene was very low in sulphur, SO2-values for bio fuel blend emissions way higher
than for reference fuel

Need for parameters of conventional kerosene available for blending to be known
Analysis of actual parameters of kerosene fueled at German airports in 2011 started
Based on manual input of data from fuel supply certificates
Now in mid-work; some 1.700 certificates for nine airports entered already





Initial results

Kerosene properties are highly
heterogeneous

There is no single conventional
kerosene to compare to bio
kerosene
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Using the identical fuel both for as blendstock and reference fuel should give a valid
analysis of relative emissions performance. However, that analysis will be valid only

for this specific fuel.

For a different fuel, results may well be different.

General analysis of bio kerosene emissions impact will require more complex

approach





Workability of synthetic kerosene standards

Production May / June 2011

Performed according to draft version of ASTM D 7566 version 11a ’
Identical with final wording q ! I I I
INTERNATIONAL

No clarity on when new version of standard becomes official,
permitting use of fuel by airline

Date of ASTM acceptance, or date of publication?

To play safe,flights only started on day of publication of version 1la

Standards Worldwide

Standards found workable

Aromatics content requirements necessitated careful selection of blending kerosene

Two issues with standards encountered
ASTM D-7566 table 2.2 testing too cumbersome for routine production
No standard defined for sale or transport of neat bio kerosene





ASTM D-7566 table 2.2 testing

ASTM D-7566 table 2.2 testing found to be very
cumbersome

Few labs equipped to perform required tests
—>Need to ships samples to several other
countries

UOP 389 extremely sensitive
E> Several weeks elapsed between production and final ok from all labs

Can be done once, but routine performance for each batch not compatible with
normal refinery operations

Currently required to be performed per batch. Ultimate objective of ASTM is to
transition to management of change requirement, but transition process and time
schedule not defined.
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No standard for sale or transport of neat bio kerosene
ASTM D 7566 defines neat bio kerosene parameters to be met after production
No issues if blending is performed at production site
Issue if neat bio kerosene is shipped for blending elsewhere

Will typically involve sale of product
Recipient needs standard against which to test product on receipt

ASTM D 7566 is only standard against which recipient can test

Table 2.2 almost certain not to be met after shipping
ASTM D 7566 requires use of same transport infrastructure as for conventional kerosene
Will lead to picking up of trace contamination

Some ASTM D1655 parameters no included in SPK specification
Net heat of combustion
Lubricity





