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170 Firmen entwickeln VTOL
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Strengths, weaknesses and potential applications of five
electric aircraft architectures

28 QO
Aircraft architecture ) @ ®

Highly distributed Quadcopters Hybrid concepts Tilt-wing/convertible Fixed-wing
propulsion concepts aircraft concepts vectored thrust
(multicopters) concepts

Disc loading

Hovering efficiency

Downwash speed & noise

Forward flight speed & efficienc

Gust resistance and stability

Preferred use case Air taxis (inner-city Air taxis and Airport shuttles
point-to-point services) airport shuttles and intercity

Time to Market ~2y ~2y ~3y

Berger







GIS population density of selected cities of our top 100 city list

New York City Los Angeles Paris Tokyo Shanghai
(18 m population) (12 m population) (11 m population) (38 m population) (24 m population)

Sao Paulo London Mumbai Beijing Population Density

(21 m population) (10 m population) (21 m population) (22 m population) (in ppl/km?)
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Travel time comparison road vs. air — direct connection and transfer

Trip comparison of eV TOL and car

Transferincl.
first and last mile

Direct connection
airport to Marienplatz
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Caris Case-by- eVTOL K S,
faster case* isfaster  gagmae . P
Airport Marien- Airport Marien
platz platz
S
~5 min Last mile** e é e é _
~3min & — De-boarding
eV TOL flight Qaokm  Q30km Qsokm  Q30km
~T10 min g; INCL TAKE-0FF o o i e e ettt bbb
and landing
.................................. .: 43‘;\;{[1- _.a Boarding ®45 mln ®1Dm|n ®45 mln ® 26 mln
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* Depending on congestion and minimum time savings to accept transfer connection with ride-and-fly

** Depending on location of vertiport

Graphic: Porsche Consulting

Figure 11. Getting in and getting on: drones beat cars when it comes to travel time, as with this example in Munich.



Flight time at different cruise speed scenarios

15,00 ———y 150 km;"h

200 km/h

5,00 o e e e

O 2 4 6 8 10 12 4 16 18 20 22 24 26 28 30

Flight Time Distance horizontal
(min) (km)

Figure 12 Travel time savings relative to speed of travel



Passenger drones

Starting in 2025 Electric VTOLin 2035 Passenger market 2035*
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Air taxis 23,000 units 32 billion

All electric engine 2015 onwards

Fuel calls 2018 onwards

More electric engine 2014 onwards

HNo hy draulic network 2008 onwards

No blead-air network 2003 onwards
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Die magischen 500 Wh/kg

Lycoming Siemens

Gewicht (kg) 138 kg 50 kg

Leistung (kW) 119 kW 260 kW
Treibstoff (fur ca 1h) 40 kg 550 kg (75kWh)
Gewicht Antrieb 178 kg 600 kg
Leistungsgewicht 0,6 kW/kg 0,4 kW/kg
Wirkungsgrad ~25% ~77%




Die magischen 500 Wh/kg

Lycoming Siemens

Gewicht (kg) 138 kg 50 kg

Leistung (kW) 119 kW 260 kW
Treibstoff (flr ca 1h) 40 kg 350 kg (75kWh)
Gewicht Antrieb 178 kg 400 kg
Leistungsgewicht 0,6 kW/kg 0,6 kW/kg
Wirkungsgrad ~25% ~77%




Manufacturing capacity Battery cost Battery energy density

Gigawatt-hours per year 12017 | 2020 Worldwide, $/kWh Watt-hours per litre
1,

0 10 20 30 40 50 e FORECAST o
e |—
(Japan) 800 400
oy |
(China) 600 300
o o i 400 200
(China)
LG Chem 200 100
(South Korea) - -
>amsung 5D |y Y2008 10 12 1415 20 2022
(South Korea) 415 5raet
Sources: Cairn ERA; US Department of Energy *Includes Tesla gigafactory

Economist.com
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Hybridisation landscape

1000
x
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o
100
Full electric concepts for very
! short missions
10
Hybrid concepts will enhance
large and longer range aircraft
1
10 1000 Range (nm) 10000
UAM: Urban Air Mobility

VTOL.: Vertical Take-off & Landing AIRBUS












D-KFES

Motorisierung. .
Engine Data. E-Antrieb
8+31=39kg
FES Turbo
Triebwerk Engine Type FES-DIS-M100 Solo 2350 -
Max. Leistung Max. Power 22 kW /30 PS 30 hp | 153 kW ' 20,8 PS 20.5 hp '
Motorgewicht Engine Weight ca.8kg 17.7 Ib ca.30 kg 661/b

Propeller Propeller

2-Blatt Faltpropeller
Foldable 2-blade propeller

Asymmetrischer 5-Blatt Falt-
propeller

Asymmetrical foldable 5-blade
propeller

Batteriekapazitat / Tankinhalt Battery / Tank Capacity 4,2 kWh 4.2 kWh 13,5 Liter 3.57 US Gallons
Batteriegewicht Battery Weight 31kg 68.31b
Ladezeit, abhdngigkeit von Ladegerat 5-6 Stunden hours @ 600 W

Charging Time, depending on charging power

3 Stunden hours @ 1200 W
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Human Powered Multicopter Jet Pack

like @ glider s« e s Noise - like a racing car
balanced - Noise spectrum -~ very disturbing
OT W o Power required - 150 kW

Figure 4 Difference in noise lifting the same payload (Source: Aerovelo, Martin Jet Pack)
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hands speech hovering noise exposure landing hovering Lawn Mower Takeoff at 2 mi
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of 75 m of 30 m of 75 m

Figure 5 The Volocopter can be integrated into the city without adding significantly more

noise pollution Quelle: Volocopter Whitepaper



Hover vertical lift efficiency as a function of disc loading

8 — . E Volocopter

ka/kW | 1b/hp
— 12

6 — M Helicopter

Tilt rotor

Tilt wing

Lift-fan

Direct lift

1 10 100 1000 10000 Ib/ft?

| | | | |
° I I I | |

488 10 100 1000 10 000 48824  kg/m’

Hover lift efficiency, Disc loading, gross weight / thrust area
gross weight / power

Figure 13 Lift efficlency In vertical take-off and landing (Source: NASA, edited by Volocopter)

Quelle: Volocopter Whitepaper
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Sicherheit ist
nicht

verhandelbar




Certification and law

Development
organization approval

®
Starting and landing . eVTOL certification

infrastructure approval specification

Type

Pilot
license . certification

Production
organization approval

Continuous
airworthiness

Maintenance Airworthiness

organization approval \ / certificate

Operation
certification
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1.6 Milliarden Liter / Tag
8% des Erdolverbrauches
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7-day moving average of total flights tracked by Flightradar24
May 2016-April 2020

@flightradar
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ENTWICKLUNG DER WELTWEITEN CO,-EMISSIONEN* ENTKOPPLUNG DES KEROSINBEDARFS VOM VERKEHRSWACHSTUM

2,59% .
se3r 2",2,3“3, o

6,83% R X
; "| E Verkehrswachstum* m
= 18,91%
3,05%
Dienstleistungen 7,90%
7,18% o
' +140 %
Hausalte 16,72% 24,34% 18,11% “*
andere Bereiche 2,92% StraRe /‘\/_x/
Industrie g~ 24/92% Pirs =1
Kerosinbedarf
Luftverkehr g N
43:2%% 2,60%
Transport 40,23% Schifffahirt
Strom/Warme | 081% 100%
/ 1950 1995 2000 2005 '06 Q7 08 09 "10 "1 12 13 14 15 16 "17
2000 2016 anderer Verkehr
* Das Verkehrswachstum und der Kerosinbedarf beziehen sich aul die gesamte Verkehrsleistung aller Abflige
' Gemessen an den CO,-Emissionen aus der Verbrennung fossiler Brennstoffe von Flughifen in Deutschland,

Klimaschutz-Portal.aero

Klimawirkung Luftverkehrs  Verbrauch steigt
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. : Fanantriebe produzieren durch Staudruck Energie
_ Reiseflug 4 Energie wird in das elektrischen Speichersystem geflhrt
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Wirkungsgrad elektrisch - fossil

E-Motor Propeller 66%

Elektrischer Antrieb 66%
Batterie — 80%

eMotor - 97%

Propeller 85%

Propeller

Konventioneller Antrieb 30%
Gasturbine — 35%
Propeller — 85%

Gasturbine " Batterie ™ eMotor M Propulsor

0.5 1 1.5 2 2.5



W Cars: Battery electric most efficient by far

Hydrogen Power to liquid
fuel cellvehlcle conventional vehicle

Direct chargin

battery electric vehicle

,7 Electrolysis

CO2 air-capture,
FT-synthesis

Well to tank

l_ Transport, storage
and dlstrlbutlon

Fuel production 50/0 20/0 440/0

efficiency

Inversion AC/DC
Batterf\{rcharge
iciency

H2 to electricity
conversion

Inversion DC/AC
— Engine efficiency

Tank to wheel

ses

Overall efficiency 73% 20/0 13%

LIRS TRANSPORT & w@transenv ] @transenv
S ENVIRONMENT @ transportenvironment.org Source: WTT (LBST, IEA, World bank), TTW, T&E calculations
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Morell Wéstermann.
+41 79- 8446065

mo@morellife.com

el Twitter: @morellwest.»

Podcast CLEANELECTRIC
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