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Carbon Offsetting and Reduction Scheme for International Aviation
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MEEPFCASCADE

The Boeing Cascade Climate Impact Model, or “Cascade”
is a dynamic modeling tool that quantifies the power of
aviation's major strategies to cut emissions. Within the tool,
you can explore different decarbonization pathways and
even forecast how each can impact aviation emissions
through 2050.
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Boeing Program Quiet High-Lift om0
CLEEN Phase lli

“Reducing
Airframe Noise”

“Enabling Quieter,
Advanced Propulsion”

Quiet Landing Gear Next Generation Inlet

f xﬂ-l

737 MAX

€Cco

Demonstrator
R
“Improving How the . . . Y “ :
Airplane is operateq»  INtelligent Operations Sustainable Aviation Fuels “Accelerating SAF Uptake to

meet, CO2 goals”

UNIVERSITY
of DAYTON

RESEARCH
R INSTITUTE
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Program Team — “Best of Boeing” (N FOEING oo g

Puget Sound @
* Flight Sciences

. eco
Systems Demonstrator
» Structures —~

* Propulsion Integration

* Product Development

* Airspace Operational Efficiency
* Flight Test, ecoDemonstrator

Huntington Beach

* Structures
* Flight Sciences

* Boeing Sites, Team
» External Collaborations
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Global Technology
Madrid
@ BCW - Winnipeg, CAN a ril

» Manufacturing

University of Dayton N tare
Research Institute
i : Virginia
St. Louis * Airspace Operational Efficiency
* Flight Sciences @ @/‘I urora
» Structures T

* Airspace Operational Efficiency

North Charleston
 Structures

* Propulsion

» Materials & Manufacturing



Projects & Benefits (L BOEING oo @

Quiet Quiet Next Generation Intelligent Sustainable
Landing Gear High-Lift Inlet Operations Aviation Fuels

Vortex

\ Generators

Landing Gear N
Doors =l

Shields \\\\\Generators

TeChnOIogy Generators
* Acoustically Treated Main » Outboard Flap Side Edge * New Structural Architecture * Noise-Optimized Flight » Higher Performing Blends
Gear Doors Fairings * New Ice Protection System Paths * Drop-in Compatibility
 Perforated Strut Shields » Outboard Flap Vortex » Maximize Acoustic Treated * Leverages Existing » Support Scale-up
Generators Area Capabilities
Imoact Reduce Reduce Reizizlgglrivrnfnr;?”;\leji’se Reduce Community Noise, Reduce Fuel Burn,
P Community Noise Community Noise y ’ Fuel Burn Emissions
Fuel Burn
Airframe 1.5 EPNGB 3-5 peak dBA
Benefits / Up to 0.5 EPNdB Up to 0.5 EPNdB o 2% Take-off Block Fuel 2%-3% Block Fuel
: 2.0% Block Fuel o
Metrics 5% Approach Block Fuel
Projected : : Community Noise, Community Noise, .
Fleet Red”‘;ziig ggn‘t’glﬂ’s““”'ty Red”‘;ziig ggn‘t’glﬂ’s““”'ty 82M Metric ton, CO2 28M Metric ton, CO2 2950“":;"352%;?}“ coz
Impact reduction reduction
" 2030, 2035 2030, 2035 : 2030, 2035 2030, 2035
Transition Retrofit Retrofit 2030 (partial) , 2035 Retrofit Retrofit
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Technology Transition ((\ FOEING oo

Boeing Product Development leveraging CLEEN Il technologies
* New Products and Retrofit

Acoustic lining designs

Low speed / high lift configuration

Nacelle acoustics and ice protection system

Advanced lower noise landing gear and flap systems

Refine/Validate noise prediction tools and design practices

Provide near-term capabilities/services aligned with FAA NextGen and DataComm

Mature fuel system component readiness to enable low aromatic fuels — SAF compatibility

CLEEN Phase Ill Technologies aligned with Product Strategies and Sustainability Vision

Copyright © 2023 Boeing. All rights reserved. 8



EcoDemonstrator Program History ~ 250 projects

2014: 787-8 2015: 757

eco
Demonstrator

CLEEN Phase Ill Program leverages successfully proven ecoDemonstrator Program




Viation

Program Timeline (L BOEING o @

ATP Today " 737 Flight Demo 787 Flight Demo  Final Report
\4 ' \/ \V \V

2021 2022 2023 2024 2025 2026

|
* Quiet Landing Gear :
* Quiet High Lift !
* Intelligent Operations :
« Sustainable Aviation Fuels (Pending Fuel Availability)|

|

eco
Demonstrator
e N

I
s

« Next Generation Inlet
 Intelligent Operations

Demonstrator

Analysis /

Reporting

|
I
|
I
|
I
|
I
I Fab / Assembly Flight
i

|
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Quiet Landing Gear (QLG)

Accomplishments:

Door Inserts
Fabrication & Fit-Check

Strut

Shields
— Nov)
N
Preliminary Detailed Fabricatfon Flight .
- - i Reporting
Design Design Assembly Testing
J

N

Landing Gear

Doors

=3
o
o

L

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

10010

Acoustic Core Acoustic Face sheet New Phased Array
Fabrication Fabrication Fabrication

Lookahead:

Complete Fabrication & Assembly — 1Q24
Flight Testing — 2Q24

Copyright © 2023 Boeing. All rights reserved.
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Objective:  Develop landing gear (airframe) technologies to reduce aircraft noise at approach
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Quiet High Lift (QHL)

Objective: = Develop outboard flap (airframe) technologies to reduce aircraft noise at approach

Accomplishments:

— Nov)

Conceptual Preliminary Detailed Fabricatfon Flight
Design Design Design Assem Testing

y
J

Reporting

Vortex
Generators

Generators

Flight Testing — 2Q24

CFD/CAA 100% MBD Flap Updated Design
Predictions Engineering Releases Disassembly Risk Reduction Testing
Lookahead: Complete Fabrication & Assembly — 1Q24

Copyright © 2023 Boeing. All rights reserved.
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Intelligent Operations (10) ) BOEING -con |

Obiective: Develop aircraft operational noise reduction technology to reduce aircraft noise at
—IEEIE:  {oKke-off & approach

Accomplishments:

E]

Flight

Reportin
Testing e

Design Valid: tion Refinement

[cy 16 18 20 22 24 26 28 30 35 40]
Segment 1 Phase 1 Controller-Pilot Data Lin}
TowerService Departure Clearances Deployment to 65 Towers Complete

Transfer of Communications  Iniial Check-in
Altimeter Settings
Altuces(Iitial)

" . Speeds (nitial)

Initial En Route Services Crassing Restictons intal

Airb 1Go

T4 Gatoway Middle | [ Population Density - People/km2

on
A North Croek Middle E=0-10
BiHazetwood Elementary 1020
E=320-30
E=330-40
34050

BBrier Elomentary School
A

Segment 1 Phase 2
-En RouteServices | Impacted Controller Intiated Routes (Ful)
By COVID Direct-to-Fix (Full) X
., gxz‘?,:ﬁfm"ms (Ful) FirstIncrement in Deployment
Full En Route Services Advisory Messages (COVID-19 has impacted schedule)
Holding Instructions y
i Pilot Initialed Downlink (Full)
—
Not Baselined

%

5 s{ ake Washington High

-1227 -122.6 -122.5 -122.4 -122.3 -122.2 -1221

—
Deferred from Full Services
+_Adapted Arivals, Stuck Mic, Bea
TBO Increments / Services

Candidate Enhanced FANS Services * il 40 Teectory Hanagemen

o "
o Initil Tailored Arrivals Eploticn
o_TMC-initiatedReroutes (AFS

Infrastructure *Initial Aircraft Intent (ADS-C)

- Applicati Future Air Navigation System (FANS) AFN & CPDLC

- Networks FANS over ACARS.

- Subnetworks VDL Mode 0/A and VDL Mode 2

Segment2

g <& Dynamic RNP
@ M | inR&D |
- Advanced Services Baseline 2 Services D,

Infrastructure
- Applications

B2 CM, CPDLC & ADS-C
- Networks B2 overIPS. 2

CDR FAA Data Comm Procedure Optimization Noise Impact
Coordination & Pilot Simulations Assessments

DIHETHR 3000 - 4000
»Ringdall Jr High E=3>4000
* Montors

A waypants
55 LAMAX

B39M HAWKZ7 (20842842)

8739 MARNRY (30062147)

8739 MARNRY (29969296)

+FANS overIPS

8739 MARNRY (29975301)
8739 MARNRY (29980422)
——— 8739 CHINS4 (29927521)
8739 CHINS4 (29943144)
8739 CHINS4 (29967878)
8739 GLASR1 (30170939)
8739 GLASR1 (30068325)
8739 HAWKZ7 (30130942)

ilored Arrivals
craftInfent (EPP.
AXI

LW
2mi
=1

| ookahead Procedures/Systems Updates & Software Development (Drop 3) — 1Q24
ooKaneadq:
Flight Test — 2Q24 & 2Q25
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Sustainable Aviation Fuels (SAF)

@!aflzva NexIGEN

Obiective: Mature fuel system component readiness to enable low aromatic fuels —
—IEEE SAF compatibility

Accomplishments (May — Nov):

CLEEN Phase lll Sustainable Aviation Fuels Project:
UDRI Phase 1 Test Report

Copigh 202 B

The Boeing Company
Box 516, MC S102-206,Sin Lowi, MO 63166

Flight .
Testing >> Reporting

Compression, %

Phase 1 Test Report
Public Release

25 i i Summary of the overall compressive stress
. N3 12
* ,; & -
o
20 - =2 | —— 10 — —
s : s
4] 0.8
15 > i A
* * %
% g
- . - E. 0.8
10 S 3]
% 04
NOE02 ®
5 Jat&_4 —— JetA_16
e} 02 e CPK
Jet A_25 - .- CP¥K_60
* et A_25/4 SPK
o 00 T T T
0 5 10 15 20 25 30 0 500 1.000 1,500
Exposure Time, weeks Time, hour
Phase 1 Phase 2

Switch Loading

Thermal Cycling

Lookahead:

Complete UDRI Phase 2 Lab Testing — 1Q24
Flight Test — 2Q24 (Pending Fuel Availability)
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Program Timeline (L BOEING o @

ATP Today 737 Flight Demo 787 Flight Demo  Final Report

\ 4 ' \/ V V

2021 2022 2023 2024 2025 2026

* Quiet Landing Gear :
* Quiet High Lift I
 Intelligent Operations :

* Sustainable Aviation Fuels (Pending Fuel Availability} __2a. el
I _ Demonstrator
: o
: Analysis /
Fab / Assembly Flight Reporting

 Next Generation Inlet
* Intelligent Operations

. Analysis /

Copyright © 2023 Boeing. All rights reserved. 15
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Next Generation Inlet (NGI) N BoEING oo (G

Objective:

Develop inlet (engine) technologies to reduce noise at take-off and approach and
address reduced-length inlet integration challenges of UHB engines

Accomplishments:

— Nov)

Conceptual Preliminar r Detailed Fabrication Flight .
. - i Reporting
Design Design Design Assembly Testing

CoDR PDR  NGIFinal
Fabrication
Acoustics

DDR Acoustic Lining Manufacturing & Ice Protection System Large-Scale Tooling
Design Finalized Risk Reduction Trials Received
Complete Engineering Releases & MRL5 Assessment — 4Q23
Lookahead:

Complete Fabrication & Assembly — 2Q24

Copyright © 2023 Boeing. All rights reserved.
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Summary & Next Steps

Project Conce_ptual Prelim.inary Deta.iled Fabrication Flig_ht
Design Design Design & Assembly Testing
QLG v v v In-Work 2Q24
QHL v v v In-Work 2Q24
NGI v v v Started 2Q25
1O v v v NA 2Q24, 2Q25
SAF UDRI Phase 1 Complete / Phase 2 Test — ECD 1Q24 2Q24

Reporting

2Q25
2Q25
2Q26
2Q26
1Q25

Projects on-track to meet TPMs that address FAA goals

Copyright © 2023 Boeing. All rights reserved.
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Thank You
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Acronyms

ATP
CAA
CDR
CFD
dBA
DDR
EPNdB
MBD
MRL
SAF
SDR
SRR
UDRI
UHB
VG
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Authority to Proceed
Computational Aero-Acoustics
Critical Design Review
Computational Fluid Dynamics
Decibels, A-weighted

Detailed Design Review

Effective Perceived Noise, Decibels
Model Based Definition
Manufacturing Readiness Level
Sustainable Aviation Fuel

Software Design Review

System Requirements Review
University of Dayton Research Institute
Ultra High Bypass

Vortex Generators
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