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Global Aviation :
A Growing Market with
Environmental Commitments
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Aviation Market Outlook 2018-2037
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Resilient market expected to continue long-term growth rate of 5%
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Current world aircraft fleet will double in size
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0
2017 2037

Airlines will need 42,700 new airplanes valued at $6.3 trillion
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Asia Pacific region driving the demand for
new aircraft

New airplane

. deliveries by region
Air travel growth by market

2017 traffic Added traffic Annual
2018-2037 growth %

*Within Asia Pacific 5.6%

@ North America
Within Latin America _ 6.0% ® Europe
@® Middle East

Within/to Russia and
Central Asia

Latin America

4.1%

Russia & Central Asia
Africa

o

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
RPKs (billions)

*Does NOT include travel within China

North America & Europe will account for 40% of new airplanes deliveries
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Growth of traffic will impact economic and

environmental sustainability

Costs Issues

“Fuel Bill” is a major, unpredictable and
variable operating cost for airlines

Monthly kerosene-type jet fuel spot price N
dollars per gallon cla
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Source: 'IATA Fact Sheet — Fuel, June 2017, figures: U.S. Energy
Information Administration, Spot Prices for Petroleum Oil and
Petroleum Products, February 2017
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Change since 1990

CO2 emissions Issues

Aviation share of CO2 emissions could grow
without action
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AIRBUS

Policy (EU RED II, CORSIA)
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Context

Aviation growth raises more and more
environmental challenges...
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Air traffic will 2014-2034
double in the

R 4-6%
years

AIRBUS

Aviation Industry is committed to
ambitious targets...

0 STABILISE NET CO2
1 = 5 /o EMISSIONS FROM
THE SECTOR AT

2020

LEVELS THROUGH
CARBON-NEUTRAL

-50%
CO2 EMISSIONS
FROM AVIATION BY

IMPROVEMENT IN
FUEL EFFICIENCY
PER YEAR

2050 (2005
BASELINE)

GROWTH

and has identified the basket of
measures...

Invest in new Fly using more efficient

TECHNOLOGY OPERATIONS

(including sustainable

aviation biofuels)

Build and use efficient Use effective, global,

INFRASTRUCTURE [MARKET-BASED
MEASURES

Sustainable Fuels are a key pillar to reach the targets
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AIRBUS
Aviation GHG reduction Targets

NO ACTION

CARBON-NEUTRAL

CO2 emissons indexed to 2005

GROWTH
0
1. improve fleet 2. cap net 3. by 2050, net -50% BY 2050
fuel efficient by emissions from aviation carbon
1.5% per year from 2020 through emissions will be
now until 2020 carbon neutral half what they
growth were in 2005.
o o
g g g 2 2 z
I I I3 ~ IS N
L] Known technology, operations Economic measures

and infrastructure measures

Net emissions trajectory
Biofuels and additional

new-generation technologies === Noactions trajectory
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AIRBUS
CORSIA Main elements

The CORSIA (Carbon Offsetting & Reduction Scheme for International Aviation) is the first ever global scheme to

offset international emissions over 2020

- Objective: UN BUARD

— Complement a broader basket of measures to achieve the global aspirational A SUSTAINABLE FUTURE
goal (of carbon-neutral growth from 2020 onwards).

+ Coverage:

— The offsetting requirements is set on the basis of a route based approach

(e.g. aroute is covered if both States connecting the route are participating in
the scheme), but all emissions need to be reported

.o

¥ 1070 ENVIRONMENT

%,
teen
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CORSIA Main elements

* Implementation:
“Phase-in” and route approach: determines the routes with offsetting obligations.

Starting with participation of States on a voluntary basis, followed by the participation of all States (except the
exempted States) = 72 States (As of 23 August 2017) representing more than 87.7% of international aviation

activity, intend to voluntarily join from its outset

. HOWEVER....

All states, will need to implement and require MRV compliance

2021-2026 (Voluntary Phase) 2027-2035 (Mandatory Phase)

Copyright © 2017 Boeing. All rights reserved.
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CORSIA roadmap

PILOT PHASE FIRST PHASE SECOND PHASE

VOLUNTARY MANDATORY

States are volunteering to be With exemptions for: Small Islands, Least Developed Countries,
part of the scheme from 2021 Land-locked Developing Countries and States which have less

(more States ore encouraged to volunteer), than 0.5% of oir traffic (although they can still volunteer).

MONITORING,
REPORTING : : - , -
& VERIFICATION Operators flying routes between volunteering States will offset Operators will offset Offset obligat ons shift to Offset obligations shift to be
emissions based on the average CO2 growth of the based on average COz include aver 20% of over 70% based on
TO SET THE aviation sector. growth of the sector, individual operator growth, individual oparator growth,
BASELINE
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

OVER 80% OF THE GROWTH IN AIR TRAFFIC COz AFTER 2020 WILL BE OFFSET
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CORSIA implementation

o T e T ey

Airline Operations > 10,000 MRV CO2 All International

tonnes CO2 international flights Annually from 2019
aviation

* excluding: humanitarian,

medical and firefighting Offsetting CO2 flights Every three years from
between participating 2021
States
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REDII — Renewable Energy Directive

» Directive project “post 2020”

~
8

o
§

— Agreement between Commission, Council,
Parliament

— The aviation sector is explicitly part of the
directive

o
Q
R

Share of energy in all road and rail transport fuek
w »
8 8

» Objectives

Biofuels produced from organic wastes and residues with mature
technologies as included in Annex IX part B (capped at 1.7% )

_ 14% Of renewable energy |n 2030 |nCIUd|ng 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

-

= Food based feedstocks: 7% to 4% cap in
energy content

=  Annex IX part A: 0,2% in 2022, 1% in 2025 and
3,5% in 2030

= Annex IX part B: 1,7% cap in energy content

— Double counting for annex IX feedstocks (part A
& B)

— Multiplier 1,2 for Aviation only if it comes from
non food based feedstocks.

8%

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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AIRBUS
Sustainable Aviation Fuels in CORSIA

To be eligible in CORSIA, Sustainable Fuels must:

» Reduce the CO2 emissions at source on a 89g CO2e/MJ reference — the threshold is 10% for
CORSIA.

CO2 reduction is calculated for each type of SAF used

Reductions are proportional vs. Performance of conventional fuel (effective gain calculated on
supply chain LCA)

LCA calculation includes:
Direct emissions all along the supply chain
Indirect emissions (ILUC)

= Be eligible:

« Comply with sustainability criteria defined in the SARP document « CORSIA Sustainability Criteria
for Sustainable Aviation Fuel »

» Have been certified by a certification standard « Sustainable Certification Scheme » approved by
ICAO and included in the document « CORSIA Approved Sustainability Certification Schemes »

Copyright © 2017 Boeing. All rights reserved.
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How to make SAF value chain
economically viable
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Boeing Strategy and Actions

Ultimate goal is to catalyze a vibrant commercial market

Boeing’s Role Core activities

Protect our

environment Fuels

approval

Act as industry
Support
Assure industry catalyst to and

growth accelerate Advocacy
commercialization

Feedstock

customer’s R&D
top cost

Copyright © 2017 Boeing. All rights reserved. 1sie | 18
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Economic viabllity: sweet spot in a local
environment

Take advantage of specific features of a given ecosystem

Find a sweet spot v _/'l | -
—» hydrolysis » Sugars entation = 1as £
u FeedStOCk E _’l gasification | . E— catalytic ischer-Tropsc §
= Technology and processing E ; N N s [ | [T _
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o
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. . > A"t;;tgrgg“ic /S'ource: IRENA 2017 Biofuels for aviation — )9-
By leveraging local environment - Technology Brief

Pl graath

= Strategic stakes
» Regulations and market measures
» Existing infrastructure

While meeting strict sustainability criteria g,_{%ﬁ-‘ ﬂ
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anfining
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L. | Source: ATAG — Beginner's guide to
=1 Sustainable Aviation Fuel, 2017
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BOFCING

oeing Global Biofuel Engagements

Accelerate biofuel market viability to shrink aviation CO2 footprint

13. Roundtable on
Sustainable Biomaterials
(RSB)

14. Virgin Atlantic /
LanzaTech collaboration

15. AIREG Membership

16. Nordic Initiative for

Sustainable Aviation
17.EU RED advocacy

Sea-Tac Airport initiative

SFO initiative

Green diesel approval

Renewable Fuel Standard

advocacy

5. CA LCFS advocacy

Canada GARDN (forest waste)

Mexico biofuel center of

excellence

8. Brazilian Biojetfuel Platform /
GOL collaboration

9. Brazil incentive advocacy

10. Joint Research Center with

i

No

18. BIOjet Abu Dhabi; SBRC
19. Japan biofuel roadmap / 2020 Biofuel Project
20. Collaborations in China (agricultural residues)
21. Southeast Asia farm initiative

Embraer : .
12.ICAO Alternative Fuels Task 23. Australia biofuel roadmap
Force

e
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UAE — Combining Food and Energy

SEAS Concept: Seawater Energy and Agriculture System

The ISEAS concept .

Pump seawater from the Aquaculture for fish and shrimp Wastewater from the aquaculture
1 ocean to ponds, where fish 2 operation, which is enriched in
and/or shrimp will be grown nutrients, is used to irrigate
salt-tolerant biomass (halophytes)

Biomass from the halophytes 5 Water that drains from the 6 Biomass from the mangroves can
is used to produce bioenergy, halophyte fields would then be be converted into bioenergy
including biofuels fed into a mangrove wetland

4

The goal of this project is to demonstrate that the integrated process is sustainable and environmentally responsible

with respect to land use, carbon emissions and discharge of other by-products such as aquaculture waste products.

Copyright © 2017 Boeing. All rights reserved. 1/8/19 | 21
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UAE — Combining Food and Energy

SEAS Concept: Seawater Energy and Agriculture System

18119 | 22
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China — Agricultural residues potential

Huge capacity, yet severe air pollution

Feedstock availability Conversion technologies
Evaluation of collectable quantity based on Process assessment and technical
retaining soil sustainability optimization
“ A ” Collaboration with Guangzhou Institute of
At &7 Energy Conversion
\J = Lab-scale feasibility demonstrated

= 2 pilot plants built
= Techno-economic analysis performed

Total Crop Residues

Competing Uses

g Sustainable Residue

(b E e Pilot Plant (Yingkou, Liaoning)
Copyright © 2017 Boeing. All rights reserved. Capacity: 1 65 gal lonslday ‘ilename.ppt | 23
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Brazil — Untapped potential for aviation
biofuels

Collaboration with Brazilian stakeholders to assist in the identification and
development of value chains

Brazil, the “biomass country” Joint Research Center with Embraer
0.5% of Brazil’s territory replaced 1/3 of its Projects dedicated to better understand the
gasoline needs feasibility of aviation biofuels in Brazil

__""’.A( Planting and Recovery of
e Preservation areas

bb Oills and Fats
Metropolitan regions
" Bio Refinery
H Airport area

{p/ Certification
UFMG

‘;r Blending
Off-take

/ Exports of bio-oils and
Renewable jet fuels

Kerosene price among the highest in the ROADMAP

world, supplied in remote areas s

2017 USD$ (av.): >1.2 Brasilia vs. 0.6 ———

Madrid o <o SN RenovaBio
o °

Copyright © 2017 Boeing. All rights reserved. Author, 1/8/19, Filename.ppt | 24
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Boeing is committed to part
better future
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AIRBUS

Alrbus’ specific projects
&
Conclusion
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AIRBUS
Airbus Collaboration Strategy

Sustainable Aviation
Engagement
Programme

« Policies, regulations and
guidelines

» Sustainable growth

« Business development

» Social and environmental
responsibility

SAEP

Airline « Position on climate change

Environmental . (E:nsnz
Strategy « Cross-industry partnership

* Communications

The SAEP
integrates the 5
pillars into one
single strategy

Sustainable
aviation
fuels

[N — =

AIRBUS.......

Based on the main
aviation drivers
and airlines’
environmental
strategy

Aircraft Aircraft Air Traffic
technology Operations Management

Using Airbus
expertise
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SAEP Status & Main achievements

v In 3 years of Programme =N
> CATHAY PACIFIC

Garuda Indonesia .;‘agj
The TSy —

Airine of ing

v 8 airlines engaged so far IBERIA 4 CAAT/
—) .
1 I BRITISH AIRWAYS
v" 11 projects in place jetBlue

('ﬁ) oAm
s> CHINA AIRLINES i%)

Copyrig gégﬁr/g All rights reserved.
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SAEP collaboration projects 2015-2017

British
NEVS

China Airlines

A350 Deliveries
with alternative
fuels

with Total

Copyrig gégﬁr/g All rights reserved.
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>

CATHAY PACIFIC

A380 Noise
improvements
at LHR

with EPA & Navblue

Cathay Pacific

A350 Noise
improvements
at HKG

with NavBlue

Cathay Pacific

A350 Deliveries
with alternative
fuels

with Total

Garuda
Indonesia

CORSIA
implementation

Iberia

A330 & A320
Noise reduction
in MAD

with NavBlue

Cathay Pacific

A340 recycling

with Tarmac

29
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SAEP collaboration projects in 2018

CAAT” 6 THAI

Copyright © 2017 Boeing. All rights reserved.

Thailand

CORSIA
implementation

Iberia

A350 Deliveries
with alternative

fuels

with Total

Iberia

Zero cabin
Waste

with lacobucci

Jetblue

A320s
Deliveries with
alternative

fuels

with SkyNRG

¢4 ZERO CABIN WASTE

IBERIAl

30
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Sustainable Aviation Fuels : The -
AIRBUS experience

O Feasibility study
O Local Bodies
@® Airbus sites

IBERIA Vi @ Lab'line [ 73] o aireg" FINNAIR
. . AIRFRANCE / |td 3.
Test Flights Value Chains Delivery flights SENASA O S sarnan NISA @
with customers
TAROM
1 1 1 AIR CANADA
|:| * () Enniim
o *0 ve D%D
BIOFUEL . o oLl [ hEMS S i
i . JetBlue .* gg) RSB 0 ‘
Ny Qualification Production & = O ** B cnaARINeS
/) and Demonstration Scale. * &
Clearance P Kk
erjet o ¥ .
CATHAY PACIFIC
w
™M 0 Mgt @
Leading to Leading to Leading to
QATAR %
Performance, Feasibility Collaboration to
Compatibility & assessment support a long-
\ Safety j \ term market

/[
* ¥ australia

)Y Sustainable Aviation Fuel RSB ﬂ_gIb/ aﬁb *ﬁ
Users Group == IATA
IWER”‘T’ON‘L

“\.J

International Organlsatlons
Copyright © 2017 Boeing. All rights reserved



AIRBUS

Sustainable alternative fuels strategy &
portfolio of projects

[ Airbus Sites ][

STRATEGY

Toulouse

Mobile

Hamburg

/ Blend on site

Biofuel sustainable production in
France

+ Engagement with US Airlines

*  SAF Assessment production in
southern US

*  SAF value chain in Southern US

+ Extended engagement with Airlines
* Value chain in Germany
+ Collaboration on low maturity

k pathways (e-fuel)

Copyright © 2017 Boeing. All rights reserved.
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IBERIA 4
S CATHAY PACIFIC

CHINA AIRLINES

jetBlue

Ongoing:

Airlines selection
Fuel Provision

More Airlines to come

(LaMede) P
All final assembly line {83
. TestDelivery flights | 5EV)
Airport commercial flights '

Production in South-east US
All final assembly line:

+ Testflights

+ Delivery flights

All final assembly line:
+ Testflights

+ Delivery flights
e-fuels ramp-up




AIRBUS

The SAF delivery platform in Toulouse

7 torac A Cathay Pacific

CATHAY PACIFIC

A350 Deliveries
with alternative

fuels (48)

China Airlines

A350 Deliveries
with alternative

1. 50 m3 storage capacity of pure Biojet fuels (4)
2. Fully connected to the existing fuelling

facili

b Iberia

3. 10% SIP* blend done on a monthly _

basis

A350 Deliveries

4. Transparent aircraft fuelling operations " with alternative

fuels (1)

5. Quality checks performed regularly on
samples (JET-A1 ASTM compliance)

*Synthesized Iso-Paraffins

And more to come in 2019...

Copyright © 2017 Boeing. All rights reserved.
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The SAF initiative in South-east US

* Project 1 : Airlines Delivery flights
« 18t Flight performed from Mobile
(Alabama) on Sept19th — Total of 10
flights (acceptance & ferry) in 2018
* 15,5% blend UCO Fuel supplied by

AirBp
m:;l jetBlue : e -
S _é MRBUS WA B M ° Project 2 : Regular flights from Mobile with
' % ' F =1 . fixed level of SAF blend (all Airlines)

-‘m&ay‘\\"" \ - ,.7'_".“
‘A ‘}* ¥ 1 “"‘; > 1

* Project 3 : SAF production from South-

east US
« Assessment of potential feedstocks

done with RSB
» Potential production volumes under
investigation with local stakeholders

Copyright © 2017 Boeing. All rights reserved.
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Conclusion

« Strong partnerships based on a comprehensive approach is key to
address environmental challenges

 The use of Sustainable Aviation Fuels is demonstrated

« SAF are now in a phase of Industrialization and Ramp-Up even if volumes
are low

* Industrial Partnerships are more and more a reality

« Airports (BioHubs) and States (incentives and regulations) take action to
support industry and to promote Sustainable Fuels

« Airbus takes his part to support its customers through concrete projects
and extended partnerships

Copyright © 2017 Boeing. All rights reserved.
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