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. d o Aoz, JAA wiEFY] 2%E AHA|
st Qlch. Zau WMol d3Fo g 20200= oF 621, 2021H0= °F 7.2
Eg HjESlAch BIMOR We u) Y we eAtag HiEch: Wt
o] =(23%)o]0l, 1 Thg0.2 EU(19%), F%(13%) olch. 221} We2 54 of
% PTAE oW 25F2 20199 £35S s)Bsigion], o2 Q5| Hav)E o
Al 5438 S7tskal Ut ol2fer RAetH 2030| o= oF 139=, 20500+
209 7R 5718 Aoz =A7|4HCST, ATAG)= AYst At
[MA &5 247t HiE 2ig] [RSCHE 2471A BIEE HIS 184 718)]
7 Slobal Co emizsions on Hanspore OurWori
52 ;
o En Arl i ks
a4 C / Shipping
(includes and taxis) in lorries) il 10.4°
=
Of passenger emissions; P
o 60% from inter{\atigna!; athe
- 40% from domestic flights
(EX) MAHKXIZ|TH(EA) (Z*X) Our World in Data

Fgol BE2T A siEIM AKsHe v]FLS AojRolAT, 19 7|E £
Aelg oS3 o) MY e eAtAY} BlEEE LELHoIL FBE CO2 9
A2NE2T 2L Non-COZ 242 nuwod $2Fdo=H, ot 350 o
QG Mo APt e vlAck o2l EHd] WEle, 1=
FREL) g P £ T4 ol WS AXstL chEel FAL of
st ol wPgol olct

EACIH <Al I.A H*Et / ]
(J-_I'-o-ru_l'a =2/l2 HIEF, 19
Emissions from different modes of transport
Emissions per passenger per km travelled

B COZzZ emissions Secondary effects from high altitude, nonNn-CO2 emissions

Domestic flight s +121g
Long haul flight e
Car (1 passen ger) sy
Bus 71
Car (4 passen gers) sy
Domestic rai [— |
Coach =T
=

Note: Car refers to average diesel car
Source: BEIS/Defra Greenhouse Gas Conversion Factors 2019 BliBlcC




1-2 0|59 &0 Basy 4 A

x '24.9.11(5)~13(F), #= AYSSZA(FAA) Dan williams Senior International Advisor
(Environment & Energy office A<&)o|A n.S o4

nae A AAdoR FFRF AR 2, o7 5% So 9o} dEAel
BE XAt lon, ARSI H(ICAO)LE A=AQ] gt FoE &5
=224 FTEoF AM Ve FAE AdLsty o =2 w3 71 Vs
AB(U.S. Aviation Climate Action Plan)' & &£3f 0]= YO B4 7ZHE XF
= ool &5 At ARre] 94l FAst, vl= 5 ABEIA AgrolA wHehE
ZFEsto] 2050971A] O]= g5 B0 ©A 5H ZBE 45t AE 51
=2 st Aot o]t HIHFHA D)=L ‘Aviation-Climate-Action Plan(2021) &
£5) 270 4R ©aB A BHE FESHD

A HA dAHe g571 7leeld. &0l Higsts &8 ¥ =4 Hl&2 CO2
7F 71%, =0°] 28%, CO, HC, NOx SOx &= 1% U|fto g uj&Estil Ql O] =
Aqx &7l 7l XS S8HL2 FAsts olae IrHez g7l 7=
grlo] 59 #4A dTd= 29rt &8 2AcIel] "Eold. B FHAHY
of 2R7|d= a2 oldl oA, =2 G % 8 g So=2 At
A RAEES At MEE VleS d4ste A2 2 wdAPE oyl shA|R
=28 71570 AHstaA AAA ALoME Ha FFo it T84S 3
A AATSEAL o, A F571 Z1e7igol High A= WestA H At o]
FE AHEOIA ZleiEe] A3 E detsta &3] AlxdAlSel He AREA
A 7= MEo BEE & A=esF JAEES Ay Folatil ot & d= &
&3S =°lv Jdde I YA dVls= HdEed. DArY HHETT
AUA] 24, 2)8]3d A& AWARl a4 Id(AroA FHoz HE
He oAl 284S =07l f dxl 3o, 4571 9471, 5l & 7ig), 3)
F&|(Lift-to-Drag ratio) 7iA(F719eA 0z 2Astd 7 /1E, LFH-A|
g8 F29 g7 i), dFdolE T R 23 oA FF MA(FEY 4T
stef dm HAFY SHighez Hgst A5k o of2feh A5 NASA

%S
o} FAAO|A 72% ol8hS sta 9lit], NASAL: £ag /i L, 28 o]
Al s}

PAE, A7) 9 stolues AAlY Ze AR FEY] Akbel g 2,
0% UM AEVES B BV WE P APt AT AEI &L
9ol 9o, FAAL A3 7%, AulE A4, VIl A5U4, 88N 292
Fsstl st 712 e DYt 9tk ol2ig slesel oat Fa ool
g 371 BEA /190, ol U L3R 55%E ARG glom,
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A A CO, ETO] 40%9F 21 AL & Q170 60%0] AFS 57| mEol
gt gt

Global Market Value* Estimated CO, Emissions 5% Population Exposed to
2020-2039 $6.8T from Global Commercial 9% Significant Noise ** _

"
® Regional Operators™ (201) 65DNL, U.S. CY 2019

= Single Aisle
» Widebody
Freighter

*** F. Grandi, AEDT3c, CY 2019

**Volpe Preliminary Data —
U.S. inventory, 18 March 2021

used with permission final data to be
published in Chapter 1 of 2022 ICAQ
Environmental Report

*hoeing.com/commercial/market
fcommercial-market-outiook/
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200
International
Aviation®

150

Historical Data (FAA AEDT / Aerospace Forecast)
100 0 e Frozen 2019 Technology Trajectory

Domestic Passenger Operators = New Aircraft Diffusion Trajectory

Aviation® New Aircraft Technologies

50 Operations Improvement
. = SAF Uptake: 50% Emission Reduction
0 CPRFOTOR = = SAF Uptake: 100% Emission Reduction
0 General Aviation !
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

XtZ : FAA Aircraft Tech Research('24.9)

rok

9'114

g
N
rlr

9'114
ofy
-|n:
r-|n
AU
e

A\

N
A
2

:
e e 100%, 91287 S o
EHCST). cho R W), 2aQRRA Tl 28]
1k8i4 vl & 2] 50kgo
01, °F 1050) gt slo= x*ﬂ}o}ai ¢i§ SR

gﬁ TN
o 3o
>
o
2, ?
ga)
0
>
Val
N
A
<k 2
o -
offt
(o]d|
W2 e
o 8
= 2
o ©
2% S
AN °
o ril \ I
o o
o = o
S U o
S S =
~ O =
5, PTE
= § i
Mm o% = 8;
B
= 4
- Ul
i) i) N
R
ol ol _H)l'
—_ —_
> o2 3

e £ -
| >
oln
ol
ok

o of
N
)
N
ba)
S~
rir

S
AlZto] 294 Jlog Hi Ur 0]‘1%*

L)
2
ez
k)
6

NN
BN
=

a

o o ox r2 S kI JQ o A oo n%
I "
v
ol
ol
o

okl off oo
N
ol pt

ih
[-'9'11‘ =
rE
L



(237 7l 712 A 482 HY]

T = 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
Commuter(<60£) SAF or T7| or =AU EHX| AL
Regional(30-90%) 257

Short haul@45-120&) SAF or
Medium haul(60-150%) SAF AL &3 7 T2 PN 23|
Long haul(1502 0|4}

X2 : ATAG WAYPOINT 2050('21.9)
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FAA+= ®A5Y 5 o84 A
ghRs o oydt mEads Y Folth EHEEOJ 2 ey
(Continuous Lower Energy, Emissions & Noise)& A EHQ} AFAA 7T
A= &0l dm 44, HHE, 252 20171 Hgt 571, A%l 7
2 9719 295 = H| 8L Zdol= g Jalo|tt. CLEEN =&
Ale3EY, FAAE 2010L%oﬂ CLEEN Z27210] & wig] @AlS A&Sch o] A
BY. AdE AdAEZH(GE), styd, =i < FHEY(P&W), EA 20|20 5HT]

CLEEN

AotE ARSI, »8 1 2 v A AAS FO o] Tlese 259 #
T U AY o7l R QA deHoR Ut gl 31t Phase

1(2010~2015) o]& Phase 2(2016~2020) ©AOM= QR =22t Z2}0|E Afo]AA,
B, 212 ooj2AmolA, ofH2f7tA mYA/HE HlAZA/AYoA FE H|
F=2X, AUE dHEY, styd, m3 H HEY, EA=z0|Aet bH AlokS A4
ity stoh FAAO] wr2® CLEEN EEJEHQJ A = A2 =31 2050471K]

(@]
4191 o]y 74, NOx:= 2.7907LE 7hast olasickn BAgich 2 AQlolw
S dgre njFon], 17t W AW ETE FAATL BAS 20205Wy dejg
Zatste 39 8 8uinl Qelg J=gictn it

60 CLEEN |

+
50 i i i i i CLEEN Il

CLEEN Il

|

40

30

20

(Billions of Gallons)

0
2015 2020 2025 2030 2035 2040 2045 2050

Cumulative Fuel Burn Savings

A& : FAA Aircraft Tech Research('24.9)

w ool 2 ge 7 tdE Pobd SEAZ AXSIL 9m. FTol 100% HA
sH= Zo] obd, Ateifer vl UjAL stof ZAIGTH: o]t



Time Frame 2010-2015 2016-2020 2021-2026
FAA Budget ~$125M ~$100M ~$125M

25 dB cumulative noise reduction cumulative to Stage 5

Noise Reduction Goal : "
SRR e and/or reduces community noise exposure (new goal for Phase IlI)

) . -20%
Fuel Burn Goal 33% reduction 40% reduction

re: CAEP/10 Std.
NOy Emissions 60% landing/take-off NOy 75% landing/take-off NOy emissions
Reduction Goal emissions (re: CAEP/6) (-70% re: CAEP/8)
Particulate Matter _ ) Reduction relative
Reduction Goal to CAEP/11 Std.
Entry into Service 2018 20286 ~2031

A& : FAA Aircraft Tech Research('24.9)
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9/2015 9/2016 9/2017 9/2018 9/2019 9/2020 9/2021 9/2022

Research Projects 50 54 43 32 30 60 64 64

Publications, Reports,

End Proseniaiine 137 119 110 179 166 125 117 181

Students Involved 131 112 105 116 236 186 202 214

Industry Partners 63 70 72 72 76 57 62 75
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