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All of the above approach to technology / emissions reduction

Alternative Electric/
Airframe Engines Fuels Hybrid Electric

 Attaining industry’s ambitious 2050 emissions reduction target
will require innovative solutions

« Boeing is researching and developing solutions in all areas -

each solution has unique opportunities, challenges and
limitations

Copyright © 2019 Boeing. All rights reserved.



Boeing Airplane Family

15 to 25% more fuel efficient with each new generation
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/37 MAX

20% reduction
in fuel and CO,

50% smaller
noise footprint

Compared to

original Next-Generation 737

Copyright © 2019 Boeing. All rights reserved.

/87

20% to 25% reduction
in fuel and CO,

60% smaller
noise footprint

Compared to 767-300ER
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(77X

20% reduction
in fuel and CO,

30% smaller
noise footprint

Compared to 777-300ER

747-8

18% reduction
in fuel and CO,

30% smaller
noise footprint

Compared to 747-400



/77X Benefits from key technologies

Folding wing tip for New interior with New flight deck
airport compatibility wider cabin

~ Natural laminar
flow nacelle

New composite wing

with 72 m span All new GE9X engine

Copyright © 2019 Boeing. All rights reserved. 15FEB19




Continued innovation In airframe and engine technology will
deliver future efficiency improvements

Composite
structures

Innovative

systems

- Advanced
» \ aerodynamics

engines

Next-generation \_—v ) "‘\



ecoDemonstrator Program
Innovate, Collaborate, Accelerate

Innovate
- Learn by doing, fail fast, discover quickly

Collaborate
- With airlines, government, suppliers, academia & industry

Accelerate
- Speed path to products, services and production
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Alternative Energy - significant opportunity and challenge
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Key opportunity: 60 to 80% life cycle emissions Key opportunity: Potentially zero direct emissions*
reduction

Key challenge: Energy/power density, limited
Key challenges: Production scale & economics mission capability, market penetration

*TBD net emissions

Copyright © 2019 Boeing. All rights reserved.



Boeing electric aircraft studies

Advanced Concepts — active and realistic approach for over a decade

Ongoing Internal
and Competitive
Studies 2006+

Copyright © 2019 Boeing. All rights reserved.

ecoDemonstrator Fuel Cell
Boeing / IHI 2012

PAV eTaxi

|

_~Aurora 2017-

.
Fuel Cell Demonstrator P ’

BR&T Madrid 2008-2009
CAV Cargo
Boeing 2017-

Hybrid Electric Demonstrator XV-24A Lightning Strike‘/ »
Cambridge / Boeing 2015 Aurora 2016- 2018



SOEING HORIZONA

Focus on investments, = Build and incubate new

partnerships and business mobility solutions
model strategies = Advance modeling and
Transform disruption to simulation, as well as
opportunity airspace integration

Experiment with early test and » Lead development of the
learn concepts next generation ecosystem

BOEING NEXT

Making the possible a reality

Two organizations working together to shape the future for Boeing and the aerospace industry.
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INVESTMENT FOCUS AREAS
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ADVANCED
MANUFACTURING

ADVANCED
MATERIALS
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SPACE
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INTELLIGENCE /
MACHINE LEARNING

=

A&D GRADE
CYBERSECURITY

ALTERNATIVE ENERGY
SYSTEMS

AUTONOMY

QUANTUM
COMPUTING



VENTURES PORTFOLIO
UP ¢ SKILL TYPICAL CHECK SIZE
$1 - 510 million

cssa
STAGE

Seed through Series C

}fZUNUM Aero

sporkcognltlon
NEAR EARTH
4 AU#ONOMY g ALLE ys
@ CUBERG @ FORTEM
TECHNOLOGIES
REACTIO-: ENGINES RATIONALE

Strategic & Financial Investor

LOCATIONS

Qo Kittyhawk

Silicon Valley, LA, Austin, Seattle

A

DIGITALALLOYS

MORF3D
% MATTERNET
/"‘o
Sc\fsc-rg\%l\ BR|DGE‘SAT INC.
isotropic

®

RoboticSkies.
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Long-term forecast of global air travel, new airplane demand
and commercial services

ots _>30 sea_ts
ohters in
| service

Service
support the operation of
commercial aviation
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Nine years of profitable growth INTERNATIONAL PARIS AIR SHOW 2019

for our customers

Global GDP growth Traffic growth rates (RPKSs) Net profit ($billions)

8.4%

SOURCES: IHS Markit, ICAO, IATA and Cirium Fleets Analyzer
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Economies

Networks

Business models

Fleet needs

Developing

Short-haul

Low Cost

Expansion

Emerging

Mid-haul

Hybrid

Growth

Mature

Long-haul

Network

Replacement
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Global services market trends INTERNATIONAL PARIS AIR SHOW 2019
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Commercial Aviation Services: $9.1T Services by Region
2019 - 2038 2019 - 2038
5000 $4.825B Region Services | CAGR
’ @ Asia Pacific 3,480|5.1%
4,000 @® Europe 1,980 | 3.3%
3,000 $2.400B @ North America 1,865 | 2.8%
2 000 @® Middle East 790 | 4.7%
$1,175B . .
1,000 $545B Latin America 500 | 4.7%
0 $155B Russia/CA 270 2.7%
Corporate Marketing Flight Maintenance  Ground & Africa 215]5.0%
& External & Planning Opns & Engineering  Cargo Opns
CAGR 3.2% 5.2% 3.7% 4.0% 4.1% World Total $9,1008B | 4.1%

Copyright © 2019 Boeing. All rights reserved.
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645.000 632,000 | 831 000
-~ 415,000 = 75,000

RUSSIA & C. ASIA

£ *33#-
EUROPE. N
SR 251.000 = 816,000
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Boeing Pilot & Technician Outlook 2019-2038 ‘
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Single-aisles driving global network INTERNATIONAL PARIS AIR SHOW 2019

expansion

20,000

18,000 ~7 OOO
16,000 i

nonstop markets

m14”000
added past 10 years

_4‘;;12,000

jé;lo,ooo
60%
6,000 Network increase
4,000 since 2008

2,000

0

2008 2018

SOURCES: FlightGlobal August schedules, Boeing analysis
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>550

| additional long-haul
widebody routes
since 2008

North
America
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Resilient g rowth market continues INTERNATIONAL PARIS AIR SHOW 2019
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RPKs = Revenue Passenger Kilometers
SOURCE: ICAO scheduled traffic / 2018E/202019F IATA December 2018, GDP (constant $ and exchange rate) from Oxford Economics

Copyright © 2019 Boeing. All rights reserved. CSM-RJT2019CMOROLL-17JUN19




Stru Ctu ral faCtO IS d rvin g INTERNATIONAL PARIS AIR SHOW 2019

sustainable growth

Global middle class Emerging and developing market Accessibility and affordability
expanding urban population rising improving
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Productivity driving sustainable INTERNATIONAL PARIS AIR SHOW 2019

growth

RPK
18 Traffic increasing
>X 2
16 Airplanes

the global fleet

15
1.4
1.3

~6,700

1.2 Airplanes

11

1.0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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Airlines will need 44,000 new airplanes
valued at $6.8 trillion

INTERNATIONAL PARIS AIR SHOW 2019

Airplane deliveries: 44,040 New airplane values: $6.8T

2019 - 2038 2019 - 2038

35,000 32,420 4,000 $3,775B

30,000
25,000 3,000 $2,630B
20,000
15,000 2,000
10,000 8,340 1,000
5000 2,240 1,040 | $1058 $3008
o |mmmm—— — I

Regional jet Single-aisle Widebody Freighter 0 Regional jet Single-aisle Widebody Freighter
5% 14% 19% 2% 2% 55% 39% %
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Fleet WI ” dou ble ) INTERNATIONAL PARIS AIR SHOW 2019

composition to shift

50,660 50,660
50,000 50,000 —_—
40,000 ' 24,830 40,000
Growth
56%
30,000 ,040 30,000
25,830 25,830
' Frtr 8%
WB 17% SA 63%
20,000 19,210 20,000
Replacement
44%
SA 64%
10,000 10,000
6,620
. Retained fleet . RIS 10% RIS 5%
2018 2038 2018 2038

SOURCES: Fleet Analyzer & Boeing CMO
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Asia Pacific reSpOnSibIe for 40% INTERNATIONAL PARIS AIR SHOW 2019

of future airplane demand
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New airplane deliveries by region Market values by region
2019 - 2038 2019 - 2038

Region Airplanes Region Values

@ Asia Pacific 17,390 @ Asia Pacific $2,830B

@® North America 9,130 @ North America $1,155B

@® Europe 8,990 @ Europe $1,370B

® Middle East 3,130 @® Middle East $725B

@ Latin America 2,960 @ Latin America $395B

@ Russia & Central Asia 1,280 ® Russia & Central Asia $160B

© Africa 1,160 @ Africa $175B

World Total 44,040 World Total $6,810B

Copyright © 2019 Boeing. All rights reserved. CSM-RJT2019CMOROLL-17JUN19



Frelg hter ﬂeet IS g rOWI ng INTERNATIONAL PARIS AIR SHOW 2019

2,000
5.4%
annual growth

£ 1200
£ 800 annual growth
2.4%
annual growth

0

2013 2014 2015 2016 2017 2018
@ Large @ Medium widebody @ Standard body
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Frelghter demand o 11040 new1 INTERNATIONAL PARIS AIR SHOW 2019
1,780 converted

Deliveries
2,820

Large
production

Widebody
conversions

Medium WB
production

Standard-
body
conversions

2018 2038
Freighters Freighters
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LEARN MORE >
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