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A Technology Evaluator

IADPs

ITDs

- Clean Sky 2 Structure -



AN Clean Sky 2 First Global Assessment

Key Messages

First Global Assessment covers 2 major aspects:

> the environmental impact assessment
» the socio-economic impact assessment

First Global Assessment was performed
before/during the outbreak of the pandemic.
COVID-19 Impact not considered.

See Note in Section 7 (Report) on potential
iImpacts.

See R&B/OE Study available on web.




AN Clean Sky 2 First Global Assessment

Key Messages

First Global Assessment is available as
an interim progress report

(showing interim results)

at CS2 programme mid-term (2020)
before the final assessment

at programme end, in 2024.

First Global Assessment is available as

a synopsis report

of the full technical deliverable submitted by TE (DLR)
July 2020.

It contains a high level Executive Summary.

e Executive Summary -> Short Synopsis (16 pages + images & graphs)
e Synopsis Report -> Technical Report (122 pages)

Publication of 2 documents:



ASSESSMENT METHODOLOGY
FORECAST & SCENARIOS
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CLEAN AVIATION
World Population 8.5/9.2/97
(in billion) (2030 / 2040 / 2050)
"‘;gt“;;“(‘ggﬁfn";jf“ 1.05/0.93/0.86

from 2014) (2030 / 2040 / 2050)

Methodology (2/4)

GDP growth rates
(p.a.in %, from 1.98/1.98/1.97
P J014) (2030 /2040 / 2050)

SCENARIOS

FORECAST

AGR 2014 to 2050 :
passenger volumes
3.9% (High Scenario)
3.3% (Low Scenario)
flight volumes

2.0% (High Scenario)
1.7% (Low Scenario)




L Methodology (3/4)
 KeyMessage

Regional Jets
~ 20 years

Narrow-Bodies ~ 22 years

Wide-Bodies ~ 25 years

e Airport Capacity Constraints _

4 Full Fleet

> Calculations

for 2050




= Methodology (4/4)

DLR Unconstrained ~= ICAO/CAEP in 2035.
DLR Constrained: -20% Flights in 2035.

DLR Constrained:
-35% Flights in 2045.
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Trend towards larger seat
classes already appearing.

No more A380 in the fleet.

W ICAD CAEF/11 Forecast 2045
B [LR Unconstrained High 2045

B DLR Constrained High 2045
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Figure 9 - 2045 DLR Scenarios vs. ICAO CAEP/11 Forecast
in terms of in-service passenger aircraft by seat classes.|




Take-Away (1)



Take-Away (2)

Turboprops ~ 29

years

Regional Jets ~ 20
years

Narrow-Bodies ~ 22 years

Wide-Bodies ~ 25 years




ENVIRONMENTAL IMPACT

AIRCRAFT (MISSION) LEVEL



AIRCRAFT CONCEPTS



"

CLEAN A Aircraft Concepts

The current fleet divided into several market segments:

» Mainliners (4) (covering Long Range and SMR),

» Regional aircraft (3) (different mission targets),

» Small Air Transport (1) (19 seats)

> Business Jets (1),

> Fast Rotorcraft (2)
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CLEAN AVIATION

Concept definition

Based on selection
of technologies

> TRL3 in 2018

Concept EIS

» a few concepts
EIS 2025+

> next earliest EIS is
2030 (Adv.)

» 2035+ for Ultra-
Adv. concepts.
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CLEAN T IATION Reference Aircraft
_ Choice of Reference Aircraft may be difficult.

» Ok for mainliners (A321 neo EIS2016 — A350-900 EIS2015).
» Regional needs upscaling of ref. a/c. (ATR-72-500 is 70 pax -> 90 pax).
» REG TP 130 (USF) compared CS-300 (GTF).
» REG MM TP 70 (EADS-CASA) compared to C-295 (50 pax) upscaled but Flying Test Bed #2 in AIR.
» SAT -> generic 19-seat SoA 2014 model created
> BJ ->ref 2000 -> ref 2020 (2" Assessment)
» FRC no existing match for reference vehicle ! (Range, Cruise Speed, #PAX, max ceiling)
Concept Aircraft Reference Aircraft _ Clean Sky 2
Environmental Goals
SPD Concept Vehicle R:::e S;:i:: #PAX | Reference Vehicle R:r::e g;:i:: #PAX | ACO, | ANO, |ANoise N

Twin-Engine Medium

Airbus Helicopters .

{ 220kTAS || 12 Baseline (TEM-B) 290 114kTAS} 12 0% 0% 0% 030
Compound (RACER) L

generic helicopter

Leonardo Helicopters eonardo Helicopter.
> 570 | 145KkTAS 15 0% 0% 030
Tiltrotor (NGCTR) ‘@ @ a AW139 like

FRC
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CLEAN AVIATION

Each Aircraft Concept

is described in detail.

including its technology insertions
and from which CS2 IADP/ITD.

Concept definition
from technologies
> TRL3 in 2018

Mission Level Calculations

Complex Design Optimisation !
Impossible to optimize simultaneously
for CO,, NO, and Noise.

=> Designh compromise !

Sizing Rules (#PAX — Range)
are 12-14 years old.

To be updated for alignhement
with 2030 market expectations.
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CLEAN AVIATION
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2020 2024
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Interim Results (2020) at Mission Level

Clean Sky 2
Environmental Goals

S| Concept Aircraft
|
Y| o
Q| @w Range | Cruise
S Concept Vehicle 8 # PAX
nm speed
— 19 PAX Commuter > 300 0.34 Ma 19
[= 2]
9 )
E g Low Sweep Business Jet >2900 0.78 Ma 12
1
(7} Airbus Helicopters <350 220 KTAS 12
Compound (RACER)
Leonardo Helicopters
= Tiltrotor (NGCTR) <1000 | 250KkTAS | 24
©
T
& r:f'f,pmt 1000 | 0.5Ma 70
é ° Regional €
| S| Multi Missi
|3 ulti Mission rar?sport 1000 0.5 Ma n/a
e Turboprop Freighter
© 70 PAX
c
S searchAnd | p0p | os5ma | 1525
3," Rescue (SAR)
= anced Turbop 0.56 Ma
1200 90
90 PAX > at 20 kft
=| g
ARy Advanced
0 2000 0.78 M 200
uE) o\ Short-Medium Range SMR+ é
-
dvance 6700 | 0.85Ma | 315
Long Range LR+ .

ACO, ANO, | A Noise

Clean Sky 2
1st Assessment Results
U0 Ol
ACO, ANO, | A Noise
2025 -21% 27%  >-20%
2035 -31% -28% -50%
203¢ | ¥2to 24t '
Ds17%® -36%
)
-50 to -12 to
2030- | -86% ’
71%®  -50%
2025+ @ 59%  -20%
2025+ | £734% -67% -68%
2030 -17% -39% -20%
2035+ | f(13%"Y )/-38% <-20%

AN NRNSNS

Not yet
modelled

(*) LR+ CO2 reduction (-13%) is made versus the A350-
900 as reference aircraft, EIS 2015, a very highly
optimized platform.

(**) LR++ engineering assumption of an additional -8%
on CO2 reduction and -7% on NOx reduction versus LR+
concept. LR++ not yet modelled.

(***) SMR++ (-8% NOx) as CROR core engine model
does not yet include low NOx combustor technology,
unlike SMR+ model (-39%).

n.a. - not yet available

n/a - not applicable

Substantial progress
has already been achieved !

Most of the concepts
achieve or exceed their targets.

FRC results preliminary:
Issue of reference vehicle.

The Clean Sky 2 Programme
is well on-track.



ENVIRONMENTAL IMPACT

AIRPORT LEVEL
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AN ATION Airport Level Assessment



ENVIRONMENTAL IMPACT

FLEET LEVEL
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A Fleet Level Assessment (ATS)
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CLEAN FUIATION Fleet Replacement

Aircraft with ultra-advanced
Clean Sky 2 technologies

m Aircraft with advanced Clean
Sky 2 technologies

m 2014 Reference Aircraft

m Aircraft from Base Year and
older

L snorme  NeYMessages

fleet is it is crucial to target the

replaced earliest entry into service date

by CS2 a/c for the next generation of
aircraft.

- urgent need to accelerate the
technology maturation
— 5o process by promoting and
remaining supporting research

legacy a/c investments, in order to “skip a

2020 2050 generation”
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CLEAN AT On Towards Larger Aircraft ...

_ Major shift towards large capacity aircraft (200-500 seats)

Impact of Airport Capacity Constraints !
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AN AT On Towards Shorter Range ...

Today ...

In 2020,
50% of traffic is on routes < 2695 km.




Flight Distance (km)
. 1000- | 2000- | 3000- = 4000- 5000- | 6000- & 7000- | 8000- | 9000- . Passenger-
0-1000 >10000
Aircraft Class | Seats 2000 | 3000 @ 4000 & 5000 6000 7000 & 8000 | 9000 | 10000 Co2 | Flights km
Commuter 0-19 0,08% 2,0% 0,03%
Extra-Small | 20-100 4,3% 23,1% 3,6%
small | 101:210 .. s | swox | aew
Medium | 211-300 25,6% 10,3% 24,5%
Large >300 32,7% 5,6% 29,9%
co2 17% | 22% | 12% 8% 5% 5% 6% 5% 5% 5% 9%
F I ig ht S 55% | 28% 9% 3% 1% 1% 1% 1% 0% 0% 1% Share of total in 2020
-
Passenger-km 15% | 25% | 14% 9% 5% 5% 6% 5% 5% 5% 8% 2 0 2 0
Flight Distance (km)
) 1000- | 2000- = 3000- = 4000- 5000- | 6000- & 7000- | 8000-  9000- . Passenger-
-1 1
Aircraft Class | Seats | 0-1000 | 0, | 3000 4000 = 5000 6000 = 7000 8000 | 9000 10000 | >0000| €O2Z | Flights km
Commuter 0-19 0,04% 1,5% 0,01%
Extra-Small | 20-100 1,1% 9,6% 0,8%
Small 101-210 - 11,7% 33,7% 12,3%
Medium | 211-300 - 26,8% 28,1% 22,0%
Large >300 60,3% 27,2% 64,8%
co2 19% | 26% | 14% 8% 4% 5% 5% 4% 4% 4% 6%
[ ]
F I | g h ts 54% | 28% | 8% 3% 1% 1% 1% 1% 1% 1% 1% Share of total in 2050
Passenger-km 15% | 25% | 14% 9% 5% 5% 6% 5% 5% 5% 8% 2 O 5 O
Share of total flights
0%-0.1% 0.1%-2% 2%-5% [N 5%-10% I 10%-20%

In 2050,

Flight Volumes are shifted

- To large seat classes

- On short routes < 3000 km




In 2050,

CO2 emissions are shifted
- To large seat classes
- On short routes < 3000 km/4000km

co,

2020

“People Mover”

Flight Distance (km)
ircraf Class | Seats | o-tocp 1005 2000 3000 4000 SO0 G000 000 BB 000 | oy | gt |PESSENEET
Commuter 0-19 0,04% | 1,5% 0,01%
Extra-Small | 20-100 1,1% | 9,6% 0,8%
Small 101-210 11,7% | 33,7% 12,3%
Medium 211-300 . 26,8% | 28,1% 22,0%
Large >300 60,3% | 27,2% 64,8%
C O 2 19% 26% 14% 8% 4% 5% 5% 4% 4% 4% 6%
Flights 54% 28% 8% 3% 1% 1% 1% 1% 1% 1% 1% Share of total in 2050
Passenger-km 15% 25% 14% 9% 5% 5% 6% 5% 5% 5% 8% 2 o 5 o

Share of total CO2 emissions:

0%

0%-0.1%

0.1%-2%

2%-5%

I 52%-10%

I 0-15%



ANy Outlook towards 2"? Assessment (2024)

» Overall Timeline, Technology Mapping and Update of Existing Models
» All SPDs (Mapping) — All Concepts
» New/Updated Reference Vehicles
» FRC (RACER / NGCTR)
> BJ
» New Engine and Aircraft Models
» SAT: Serial Hybrid-Electric Concept + SAT Conv TP (SAFRAN)
» REG: Reg. 130 pax GTF— MTU (ADORNO)
» SMR+: New Config. + New engine (VPF)
> SMR++ update
» LR++
» WB-SR (~500pax - ~3000/4000km) — People Mover
» New/alternative assumptions for forecast and scenarios (COVID)
» Updated Socio-Economic Impact — See Roland Berger Study.
» Updated Environmental Impact




Take-Away (3)



C@o Skip-a-Generation !

»»»»»  Clean Sky 2 is well on-track > Substantial Progress
The already made

MOST

2> Keep pushing the envelope > ‘traditional’

EXC'T' NG aeronautical sciences
TECHNOLOGICAL

DECADE 2»»»»  Non-traditional sciences > key enablers

for AERONAUTICS _
1S 23 Replacing ~75% of the global fleet by 2050

BEGINNING > Simulation, digital twin and innovative certification

0 Life-cycle aspects and recyclability

RAMEN Co-funded by
A the European Union
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ENGAGE

with US!

www.clean-aviation.eu

Visit our online stand at
https://cleansky.virtualfair.be/
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CLEAN AVIATION

Hybrid-Electric & Hydrogen ?

Concept definition

Based on selection
of technologies

> TRL3 in 2018

40
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