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Outline - Sustainable Aviation Fuels Guide

e Purpose of the Guidance Document

e Chapter 1 — Introduction

e Chapter 2 — Background

e Chapter 3 — Conditions for promoting sustainable aviation fuels
e Chapter 4 — How to produce sustainable aviation fuels

e Chapter 5 - How to promote sustainable aviation fuels

e Chapter 6 — Case studies and best practices

e Additional examples — current experience with alternative fuels
e Additional information about the ICAO GFAAF
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Purpose of the Guidance Document

SFORMING =
AVIATION COLLECTION =~

The purpose of this guidance is to inform ICAO

Member States on how sustainable aviation
fuels can be deployed to reduce CO, emissions

SUSTAINABLE AVIATION ) . .. .

FUELS GUIDE from international aviation activities, and
describes fuel production pathways, usage
constraints, environmental and other benefits,
and policy perspectives on the use and
development of these fuels.
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Chapter 1- Introduction

* Introduction

— The work of ICAO on Environmental Impacts and Climate Change
— The work of ICAO on Sustainable Aviation Fuels
— The work of ICAO on a Global Market-Based Measure
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What is ICAO’s role in SAF?

~-ICAO is facilitating SAF development and deployment

— Sharing information and best practices,
including through ICAO’s

— Ongoing work within ICAO’s Committee
on Aviation Environmental Protection
(CAEP) Alternative Fuels Task Force
(AFTF)

— Development of

— Organization of information-sharing
events

CAAF/2 — Mexico City, Mexico (11 13 October 2017)
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Chapter 2 — Background
The Growing Interest in Sustainable Aviation Fuels

—Baseline Including Fleet Renewal
—IContribution of Technology Improvements
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Chapter 2 — Background
What are sustainable aviation fuels?

»)-Sustainable aviation fuels (SAF) :
=»~Must meet the same safety standards as conventional aviation
fuels (CAF)
— “Drop-in” fuels : fuels that are fully compatible with existing
aircraft and fuel-supply systems
=-To be considered sustainable by ICAO, aviation fuels will need
to meet defined sustainability criteria
— Currently under review within ICAO

© ICAO 2018



€ (CA0  ENVIRONMENT NO COUNTRY LEFT BEHIND.§

Chapter 2 — Background
Where do the benefits of SAF come from?

Fuels made
from biomass

CO, emitted by combustion is
up-taken by plant growth
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Chapter 3 — Conditions for Promoting SAF

e Discusses challenges of developing a SAF supply chain and how these
challenges can be addressed, focusing on the role of different stakeholders

Departments of HEFURERD, Fuel

Environment / body producers

Energy Aircraft /

Equipment
manufacturers

Financial

institutions R&D

institutions
Fuel

distributors
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Chapter 3 con’t — Conditions for Promoting SAF

e Stakeholders’ perception of drivers and constraints for promoting SAF:

Drivers Constraints
Need for reducing emissions Feedstock supply readiness
Oil price fluctuation and fuel insecurity High costs and funding
Carbon price Sustainability
Lack of alternative technology Policy incentives
New growth market for biofuels Fuel consistency and infrastructure
Green public relations Funding for public relations

(Source: Adapted from
Gegg and others, 2015)
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Chapter 4 — How to Produce SAF

Abbreviati

Conversion Process
on

Fischer-Tropsch hydroprocessed

synthesized paraffinic kerosene FT-SPK
Synthesized paraffinic kerosene produced
from hydroprocessed esters and fatty HEFA-SPK
acids
Synthesized iso-paraffins produced from

SIP-HFS

hydroprocessed fermented sugars

Synthesized kerosene with aromatics

derived by alkylation of light aromatics SPK/A
from non-petroleum sources

Alcohol-to-jet synthetic paraffinic
ATJ-SPK
kerosene

Blending ratio
by Volume

Possible Feedstocks

Coal+, natural gas+, biomass 50%

Bio-oils, animal fat, recycled
oils >0%
[

Biomass used for sugar
. 10%
production

Coal+, natural gas+, biomass 50%

Biomass used for starch and
sugar production and

. 30%
cellulosic biomass for

isobutanol production

Commercialization Proposals

Fulcrum Bioenergy, Red Rock
Biofuels, SG Preston, Kaidi, Sasol,
Shell, Syntroleum

AltAir Fuels, Honeywell UOP, Neste
Oil, Dynamic Fuels, EERC

Amyris, Total

Sasol

Gevo, Cobalt, Honeywell UOP,
Lanzatech, Swedish Biofuels, Byogy



. [ICAO  ENVIRONMENT NO COUNTRY LEFT BEHIND ey

Chapter 5 — How to promote sustainable aviation fuels

e Economic considerations

e Supporting measures for SAF industry
e Logistics of aviation fuels (—

e Quality certification of SAF
 Developing a national SAF programme
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Chapter 5 con’t - Alternative fuel off-take agreements

Off-take production per year Start/Length
R of agreement
(million gallons) (Mt)
(years)

Airbus / China Airlines 5 A350-900 deliveries at 10% blend 2017 / N/A

United Airlines 5 0.015 2016/ 3
Gulfstream/World Fuel N/A N/A N/A/3
SkyNRG/KLM N/A N/A 2016/ 3
AltAir/Neste KLM / SAS / Lufthansa / AirBP 0.33 0.001 N/A /3
Amyris / Total Airbus / Cathay Pacific 48 A350 deliveries at 10% blend 2016 / N/A
Cathay Pacific 35 0.106 N/A /10
United Airlines 90-180 0.274-0.547 N/A / 10
Air BP 50 0.152 N/A /10
Lufthansa 8 0.024 N/A/5
RedRock Southwest 3 0.009 N/A / N/A
FedEx 3 0.009 N/A /7
Jet Blue 10 0.030 2019/ 10
Qantas 8 0.024 2020/ 10

TOTALS 212.33t0302.33 0.645t00.918
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Chapter 6 — Case Studies and Best Practices

e This chapter looks at policies and

alternative fuel initiatives in:

Australia

Brazil

Canada
European Union
Germany o
Indonesia | i
Mexico
United States

(Source: ICAO GFAAF)
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Additional examples — current experience with alternative fuels

BPRA ‘ FINNAIR
KL Aﬁniuco. LAN _,.&

'BERIA & *nn_ter.let

‘/ Thomson

AIRFRANCE / 77/”/ 4

UNITED §] AIR CANADA ) E
NexTduer

QANTAS
Jetstar* CATHAY PACIFIC

Linhas aéreas inteligentes

British Mlc!landI
a @ ﬁﬁﬂﬁ% i Internationa
HAINAN AIRLINES norwegian
SOUTH AFRICAN AIRWAYS

Scandinavian Airlines

Active alternative fuel purchase agreements:

Airlines Departing from

United Airlines Los Angeles
KLM International Airport
Lufthansa
SAS Oslo Airport
KLM / KLC
SAS
Stockholm Arlanda
KLM :
Airport
BRA
All Departures Bergen Airport

Batches of AAF have also been delivered to: Stockholm Bromma
Airport, Are Ostersund Airport, Géteborg Landvetter Airport,
Karlstad Airport, Halmstad Airport, Brisbane Airport, Chicago

O’Hare International Airport.

© ICAO 2018


http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPXSk8qYpscCFQVcPgodZXIApw&url=http://stuffled.com/vector/hainan-airlines-logo/&ei=RZ_MVbWcCYW4-QHl5IG4Cg&bvm=bv.99804247,d.cWw&psig=AFQjCNFdwFGTfw05xP6gjoQzQcq6BZFXfQ&ust=1439559793766984
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjas7qZ9InPAhXC2T4KHUfRCOsQjRwIBw&url=http://www.freelogovectors.net/interjet-logo-ai-file/&psig=AFQjCNFgUA4P6DI1MZb9HSsPvUL9A7sYcQ&ust=1473772407966271
https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi2sMqv9InPAhWBgj4KHaUWDmoQjRwIBw&url=https://skift.com/2013/10/23/the-30-best-looking-airlines-logos-in-the-world/&psig=AFQjCNF_Cq97SzWtsCGelKWGhZuWq2DA9w&ust=1473772444308677
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjXzdPU9InPAhWIdD4KHTb5BwIQjRwIBw&url=http://www.underconsideration.com/brandnew/archives/new_logo_identity_and_livery_for_iberia_by_interbrand.php&psig=AFQjCNHYdg581_HHliZL-FS6i0WgzDvl9g&ust=1473772490516396
https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwji6uff9InPAhWIdD4KHTb5BwIQjRwIBw&url=https://en.wikipedia.org/wiki/File:Thomson_Holidays_logo.svg&psig=AFQjCNGm4F-Mbh6HXk4KDK4b6p89VX4HRQ&ust=1473772554887385
https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi7kLOK9YnPAhXJFj4KHbE8C0cQjRwIBw&url=https://goodlogo.com/extended.info/thai-airways-logo-2742&psig=AFQjCNHBjizqXblYiB02JEs1cNZKdQEFTg&ust=1473772642052818
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj88vy09YnPAhWEGz4KHSIbAhMQjRwIBw&url=http://noto.ca/news/porter-airlines-offers-noto-conference-delegates-flight-discounts&psig=AFQjCNHqmWgD9ZjzEI5z4xIqcSND4C-muA&ust=1473772711938267
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjK7dSL9onPAhXHzz4KHdZWAroQjRwIBw&url=http://www.underconsideration.com/brandnew/archives/new_logo_and_livery_for_gol_by_almapbbdo.php&psig=AFQjCNFrytS0eTyUkvYvc6S_4ZXuTb6hUg&ust=1473772895745684
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiStpWv-InPAhVFNz4KHZ23Aq0QjRwIBw&url=http://www.underconsideration.com/brandnew/archives/new_logo_for_cathay_pacific_by_eight.php&psig=AFQjCNHI6-mzspHtStYbUI4bUV273AGBzw&ust=1473773503954516
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjchO3c9YnPAhVLOT4KHS47AVIQjRwIBw&url=http://flyhamilton.ca/passenger/flights/airlines/air-canada-logo-copy3&psig=AFQjCNEtO_K47Bec3Njy84RabGbHJndEFg&ust=1473772817764114
https://en.wikipedia.org/wiki/File:Nextjet_logo.svg
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwigguSfmqHPAhVBdT4KHVNqBg0QjRwIBw&url=http://www.underconsideration.com/brandnew/archives/new_logo_for_alaska_airlines.php&psig=AFQjCNGbUE9yR7J64MhAyBjprqExIVRJ6w&ust=1474572895898147
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwik4pu6oKHPAhUFwj4KHft4BNsQjRwIBw&url=http://logosindex.com/L/LAN-Airlines-logo/&bvm=bv.133387755,d.amc&psig=AFQjCNF7ja_oF2jxdaXUtmX9JGRcCHtoTw&ust=1474574562532835
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCto3MoKHPAhXEND4KHScWCmQQjRwIBw&url=http://www.jetstar.com/au/en/home&bvm=bv.133387755,d.amc&psig=AFQjCNHqCzUxh1iBmDm22UOo0zDB_pyx4w&ust=1474574600006341
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiL4LjAsJDSAhVM74MKHbp-CR8QjRwIBw&url=http://theflyermag.com/2016/03/07/bra-is-the-new-swedish-regional-airline/&psig=AFQjCNFyRDKNkVtFA3CtZrYyL6qYt7BSuQ&ust=1487188893412425
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwivyOjkufvOAhUG1h4KHTaCAxQQjRwIBw&url=http://logos.wikia.com/wiki/South_African_Airways&psig=AFQjCNFeRF4CTwrBm-6Nv6o4YRs45wOqrQ&ust=1473275687932072
https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiv99n284nPAhWCVj4KHXV4CaAQjRwIBw&url=https://en.wikipedia.org/wiki/File:Lufthansa_Logo.svg&psig=AFQjCNGk1-ABiv3E6XB5yrLynw_IPW4KjA&ust=1473772303491518
https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwibzZOH9InPAhXFGj4KHYINDYoQjRwIBw&url=https://commons.wikimedia.org/wiki/File:KLM_logo.svg&psig=AFQjCNFM4vwuPK2_qawHXR6c0VY6g8pjCw&ust=1473772365036271
https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiRoseumqHPAhVE8z4KHT1LBnIQjRwIBw&url=https://en.wikipedia.org/wiki/File:United_Airlines_Logo.svg&bvm=bv.133387755,d.amc&psig=AFQjCNElTpkbzkpWZjDDr3ldChB_k5r2uQ&ust=1474572925966718
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjwvpS-mqHPAhWJGT4KHVJMDfsQjRwIBw&url=http://logok.org/air-france-logo/&bvm=bv.133387755,d.amc&psig=AFQjCNFcQsHdKG15H9qsqYO-hXlFiMkxdg&ust=1474572960243183
https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiY-uja84nPAhWIoD4KHdIDCjUQjRwIBw&url=https://gallery.finnair.com/material/630d73da4d4fc776ce6c760057ecaa97&psig=AFQjCNHIAOjlrHii6P_lDcTugsLhOqBdMw&ust=1473772276430419

[ICAO  ENVIRONMENT NO COUNTRY LEFT BEHIND &

Database for relevant activities

ICAO GFAAF — What other information is available?

News and Activities Initiatives and Projects

News and Activities
Initiatives and Projects E‘
Facts and Figures ~ (omoview

| click to view

Freq uently aSkEd q ueStionS Facts and Figures Frequently Asked Questions

Click the image below to view Facts and Figures from 2017 Click here to find the answers to frequently asked

. . questions about aviation fuels.
Initiatives by Funding Initiatives by Type
ICAO Vision iy i | e

. ICAO Vision
L I t e rat u re Click here to read the 2050 ICAQ Vision for Sustainable

wwwww Aviation Fuels, as endorsed by the ICAO Council in
i ncustrr = ruble prome e seeRe March 2018.

Additional Links |

Contact Us
e
A o mgesimmen
n d e - — States and stakeholders are invited to send information
ot - =ren about their news, activities, and initiatives to:
— officeenv@icao.int

............
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ICAO GFAAF - Aviation Live Feed

UA3BE / UALIGE

The live feed is based on publically-
available information from airports and
airlines involved in on-going alternative
fuel purchase agreements.

It displays:
* United Airlines and KLM departures
from Los Angeles International
Airport;

e Lufthansa, SAS, and KLM departures

- - from Oslo Airport;

e SAS, KLM, and Brathens departures
from Stockholm Arlanda Airport;
and

e all departures from Bergen Airport.


https://planefinder.net/custom/icao-fuel.php
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In Summary
e SAF are proven to be a safe and effective way to mitigate emissions from aviation

e SAF can be produced from a variety of feedstock

 |CAO plays an important role in facilitating the development and deployment of
SAF

e The ICAO GFAAF provides relevant information for States interested in learning
more about SAF

 This Sustainable Aviation Fuels Guidance Document will be an effective tool to
help member States develop their own SAF supply chains

For more information on this project, please visit ICAO’s website:
https://www.icao.int/environmental-protection/Pages/ICAO_UNDP.aspx
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