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1-1. _ICAO

»ICAO 2050 CO2

Using less fuel

= Efficient airplanes

= Operational efficiency

Changing the fuel
= Lower lifecycle CO,

= No infrastructure
modifications

CO, Emissions

= “Sustainable Biofuels™

2006 Carbon Neutral Timeline 2050 - ICAO
Presented to ICAO GIACC/3 February 2009 by Paul Steele on behalfofACI, CANSO | IATAand ICCAIA
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1-2. CO2
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“SESAR” “Next Gen”

SESAR : Single European Air Traffic Management Research Program Next Gen
: The Next Generation Air Transportation System
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s 2010 2 “CARATS”
CARATS : Collaborative Actions for Renovation of Air Traffic Systems
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3. Bio-SPK ASTM D7566
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“un’

INTERNATIONAL

FAA

ACI-NA

ASTM INTERNATIONAL

" American Society for Testing and Materials”

ASTM
IP
ASTM D1655
D7566 Annex D7566
50% D1655
ASTM D7566 CAAFI
CAAFI : Commercial Aviation Alternative Fuels Initiative
FAA : Federal Aviation Administration ATA - Air Transport

Association AlA : Aerospace Industries Association ACI ;

Airports Council International-North America

CAAFI Certification & Qualification Panel ASTM D7566
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2-1.

ASTM D7566
D1655 D1655
5.1 Materials and < _
Manufacture I 2009 9  FT “Fischer Tropsch”
Fuel Produced to D7566 Can GTL “Gas to Liquid” 50%
Table 1 J Be Designated as D1655 Fuel ~ D/7566 D7566Annex1
2011 7 Bio-SPK “Bio Synthetic Paraffin
Kerosene” 50% D7566
D7566Annex2
D/7566
Av Turbine Fuel Containing Specification Table for the
Syn HC'’s blended fuel
\ Table 1
Biended Fuel Specification Table for
Performance the Synthetic
: BOEING
2011 7 Bio-SPK D7566
ASTM D7566 (AFQRJOS) 26
(AFQRJOS ) ASTM D7566

50%
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2-1.

ASTM D7566 D1655

D7566 D1655 D1655)
D1655
o _ o Production '  Distribution Operations
“ASTM Aviation Synthetic Fuel Specification” : -
2010 3 FAA (CAAFI) : @ %
I o
|

Production;D7566 Tighter Control of Fuel Properties

Distribution;D1655 Separate Tracking NOT Required B BN S
Operation;D1655 Re-Certification NOT Required : ‘
Tighter Control of |  Separate Tracking Re-Certification
Fuel Properties | NOT Required NOT Required
IATA (2013 7 19 )

Any alternative fuel, meeting the requirements of D7566, meets the requirements of D1655. This
means that this fuel can be used as if it is conventional jetfuel. There are in principle NO issues
with filters, however, there is a TFG Task Force looking into long term effects of bio-components to
coalesce elements. But for now, there are NO restrictions.

Filter clogging is a well-known issue with biodiesel, not biojet fuel. As long as an aircraft or
infrastructure may accept ASTM D1655-compliant conventional jet fuel, it may also accept biojet
fuel that meets ASTM D7566. ASTM D7566-compliant fuel is equivalent to and shall be regarded as
ASTM D1655 jet fuel.

D7566 Jet Fuel D1655
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B

» Roadmap

Flightpath to
a biofuelled
future

2050

Cwer time, 33 more fretstock is cusvated
O P care® enlite and Mo bifurd
I Yerded ivio fud for corererCal gt

. 2040
: Beginner’s Guide to Aviation Biofuels

Roadmap

2050

Roadmap “Roadmap to a Single European Transport Area”
40%
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2-2.

Jatropha

AIR NEW ZLALAND

Continental &/}

Airlines 2%
[ Rolls-Royce cfm|)
Sapphire
teras @ >PPhire
tera:
: BOEING
Airline Air New Zealand Continental Airlines
Aircraft Boeing 747-400 Boeing 737-800
Engine Rolls-Royce CFM International
RB211-524G CFM56-7B
Plant Feedstock 50% jatropha 47.5% jatropha, 2.5%algae
Flight date Dec 30, 2008 Jan 7, 2009

Engine Tests/Ground Run Results

Comparison of fuel flow with expected
heat of combustion

Engine Operability & Emissions Tests for
various blend percentages

Flight Test Profile

FL 350, accels/decel,

engine windmill restarts, starter-assisted
engine relights, simulated missed
approach, suction feed test

FL390, accels/decels,

engine windmill restarts, starter-assisted
engine relights, simulated missed
approach, suction feed test
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ANA NCA

Sisainable Oils)

tainab

— SkyNRG

JAL ANA NCA

Boeing 747-300 Boeing 787-8 Boeing 747-8F
Pratt & Whitney Rolls-Royce General Electric
JT-9D Trent1000 GENx-2B
Camelina, jatropha, algae Used Cooking Oil Used Cooking Oil
Jan 30, 2009 Apr 16, 2012 Aug 02,2012
v v v
v 11 v 2 1 v 4 1
v 4 1 15% 15%

50% v B787 v
v De-Fuel ANA Boeing
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2-2.

Aircraft Partners Flight Date Plant Feedstock
- . A . Gas to Liquid 30%
ATAR A340-600 Atrbus. Shell 12-Oct-09 :
QATAR - (not Biofuel) four engines
s 747-400 — 23 -Nov-09 i 0%
KLV B747-400 GE, Honeywell 23-Nowv-0¢ Camelina i
S ‘ Gas to liquid 40%
A319 30-Apr-10 .
UNITED Y A31 Rentech Apr-1 S ewo engines
m A320 Airbus, CFM 23-Nowv-10 Jatropha 30%
CEM Safran EADS,
A 320 - : : -Aovr- 170,
=< interset A320 Kidhnes el 1-Apr-11 Jatropha 27%
- S0
(LeoEING  BI4TSF GE. Honeywell 20-Jun-11 Camelina g
four engines
[r' Boeing PetroChina 500
Wine crons B747-400 Pratt & Whitney: 28-Oct-11 Jawopha .
PRdN K720  onevwell UOP one engine
oyl . Recycled Vegetable
11 B777-300ER B 24-Tan-12 - - IBC
ETIHAD _ Cooking Oil
5 Gater Oil' (animal parts vegetable
A320 Airbus 24-Apr-13 grease, agricultural and forestry  100% biofuel and gutter o1l

waste) & Fam Ol

24

: http://www.enviro.aero/Biofuels.aspx
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- 2011 7
> LH 6

ASTM
1200

Feedstock (Supplier) Notes

Aircraft Flight path

oser S : - Used cooking oil 200 city pair flights from
‘. 1 ll - - _‘_‘—- - - -

KLV B73: Amsterdam - Paris Tun-11 (SkyNRG) - September 2011
Lufthansa 4321 B Tt 15-Tul-11 Mix of feedstocks 1,200 flights over a six-month
Lurthans: casiss = i (Neste Oil) period

gt Used cooking oil
A3 Amsterdam - Helsink 18-Tul-11 =
FINNEAIR &1 3 ( SkyNR C)
Mexico City Jatropha
nterset 320 ¥ 21-Jul-

ol r. A% - Tuxtla Gutierrez -Ni-11 (ASA)

4 Acromexico % B777 Mexico City - Madrid ~ 1-Aug-11 ?;;f_’\l’)hﬂ

IBERIAE 4320 Madrid - Barcelona 30ct11 %:g‘:')m

: T Birmingham - Used cooking oil Daitv flights in earkv 2012 for six

N Themane 757 & s = » S A

S Arrecifes Uetietds (SkyNRG) weeks

: Used cooking oil Flight used 30°%: biofusl in 2ach

A3 - 3. s = <
AIRFRANCE 4 A321 Toulouse - Pans 13-Oct-11 (Sk_v_\'R G .
UNITED 737-800 Houston - Chicago 7-Nov-11 Algae 105 biofuel domestic Aight

= {Solazyme’ .

o Seartle - Pordand. . Used cookine oil 73 xchedulad domestic flichts

737 3 : ONov- -
iand P37sand Q30 ottt - Washington i (SkyNRG) powered by 20% biofusl
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. http://www.enviro.aero/Biofuels.aspx
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> EU-ETS
> EU-ETS CO2

Aircraft Flight path Feedstock (Supplier) Notes
&3 THAI B777-200 Bangkok - ChiangMai  22-Dec-11 l(.;g_;g’é‘;“gw
Lufthansa B747-200 Franfst - Washington DC 13-Jan-12 .\(f\i:s::efgo'i\slt:;ks ?3:225&; 8 tonnes

LAN _’)_5 A320 Sandago - Concapoion, Chile 7-Mar-12 Ii;: ;_;: :;n goil Trial Flight
kggﬂf/sa A330 Sydasy - Adelside, Avseatia.  13-Apr-12 1(;:::;"(;‘;“ goll ol Flight
Jetstar Melboume - Hobart 19-Apr-12 l(.ssg_}f_;"é‘;“g =

AIR CANADA @®  A319 Toronto - Mexico City  18-Jun-12 l('s"g_;;;"é‘;"gm

4 Arromexico © B777 Mexico City - Sao Paule 18-Jun-12 ‘([_,:IS:; seeaen

Kimw B777 Amstacdam - Riode Jansico 19-Jun-12 l(ss;‘d:;:g;ng -

K'fi'“ B7I77 New Yok, JFK - Amstasdam §-Mar-13 ‘i;;‘d:;og goil f?_i“ ;iijia? PERiS

KLM JFK-AMS 25

. http://www.enviro.aero/Biofuels.aspx

26



2-3.

“ =+ JAL ANA SAFUG “Sustainable Aviation Fuel Users Group”

Su\tamal)lc Aviation Fuel » SAFUG
Y \(l S ()I()llp <2008 9

Abar Tty AVRFRANCE #

2 The Natural Resources Defense Council

AIR NEW /l ALAND

(pooemve )~Avianca smsiawas =2 -
uop

(N | sl=iyl
A - CATHAY PACIFIC ETIHAD cargolux

.......

SAIRBUS. | o\ G\
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o Lufthansa ENQ@ANTAS KE-M

L]
m N/ TUlTravel pic SAS

P ]
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B o e I R R R et atu et I e ettt SR o R A

Air China AviancaTaca Qatar Singapore Airlines South Afirican =
Airways United Airlines Aeropuertos y Servicios -
Auxiliares
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4-Summary.

1. ICAO / IATA 2020
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Appendix.

| LPGUMETBHR | | LNG. ONG: FRHR F—
BECAL. R ¥EREBIEY - =AEBIST >
1. GTL “ Gas to Liquid “ :
2. CTL “ Coal to Liquid “ : 1. “ Camelina “:
3. BTL “ Biomass to Liquid “ 2. “Jatropha “:
) 3 Algae
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Appendix.

FT-SPK Bio-SPK
JetA JetA-1
50%
Fisher-Tropsch  FT SPK FT-SPK
v ASTM D7566 Annex1 SPK : “Synthesized Paraffinic Kerosenes”
CTL Coal To Liquid GTL Gas To Luquid
BTL Biomass To Luquid === L -
» »
SPK  Bio-SPK | HEFA

v  ASTM D7566 Annex2

ASTM “American Society for Testing and Materials” ’: I
1
. “Hydrotreating”

1
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FRERHOERR

.i:'_-._,

1. & BRBAE)
(1) GTL (Gas to Liquid)
CTL (Coalto Liquid)

2. RACEMHRZ
(D A% T, 7R 13E

1. Ha¥phis- IO Spk
() ESHAIL. RKSFOHEY)S.
gih. 2d 3L

2. 18 BEEYOBRE
(B ARE. HoZFEOT)LO0—R% R
&9 %BTL (Biomass to Liquid)

3. IEB Aterhho>DE Bk
DA )F. JebOTr. R f5E
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