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Will there be an Electric Future in 
Comercial Flight?

• Electrification in Transport

• A Bit of Physics

• Battery-Electric Aircraft

• Fuel Cells replace Batteries

• Outlook
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Electrification of Transport
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Electrification of Transport:
Automotive:
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Challenges:

• Battery-Electric Power Train

• Battery
 400 – 800 V
 25 – 100 kWh
 150 – 600+ kg

 = 10…50 l Fuel

Von Autoviva - Flickr: Geneva Motor Show 2011, CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=14524891

Porsche Mixte 1902  1902 Plug-In Hybrid „SUV“

• 120 years of electric vehicles
 Lohner Porsche 1899
 Plug-in 4WD Hybrid 1902
 US Market Share up to 40% 

https://i.pinimg.com/originals/97/46/66/9746667c6a65fea771bd948dc1a62d9a.jpg

Porsche Semper Vivus 1899

Porsche Mission e 2015

http://techgage.com/wp-content/uploads/2015/09/Porsche-Mission-E.jpg

2020 Toyota Mirai Fuel Cell Hybrid

• Alternative:  Fuel Cells
• High Range
• Easy to refill
• Expensive Fuel

This document is property of Engineering Beratung Energiesysteme
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De-Carbonisation in Commercial Aerospace, Agenda 2050 

Electrification of Transport:
Air Traffic and Climate Change

Waypoint 2050 : Aviation: Benefits Beyond Borders

This document is property of Engineering Beratung Energiesysteme



Von DLR, CC-BY 3.0, CC BY 3.0 de, 
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50 Years ago: Start of Experimental-Electric-Aircraft 

• 1973: 10HP Bosch-eMotor, NiCad Battery for 10min

HB Brditschka MB-E1   1973

https://upload.wikimedia.org/wikipedia/commons/thumb/2/20/HB_Brdits
chka_HB_23_2400-1.JPG/250px-HB_Brditschka_HB_23_2400-1.JPG

Solar Impulse 
2009 

https://tse2.mm.bing.net/th?id=OIP.sggK_lgseVPZtr_ZnbhKywHaEk&pid=Api

• 2021: Speed-Record 620km/h

• 2016: 1000km Fuel Cell + Battery Hybrid

• 2009: 40.000km PV + Battery

DLR HY4

https://im-efahrer.chip.de/files/rr-spirit-of-
innovation-e-flugzeug-
619e25774055b.jpg?imPolicy=IfOrientation&widt
h=720&height=405&color=%23000000&hash=607
4a1274988a10a18f774a13e59ca23e7bb2adee204

Rolls-Royce Spirit of Innovation

Electrification in Transport:
Aerospace:

This document is property of Engineering Beratung Energiesysteme
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More Range when using Wings

• E-Aircraft fully electrical or hybrid
 2-30 PAX
 Range 50…500 km

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2
ahUKEwjB_e7d-
fziAhUSJFAKHX7tD6AQjRx6BAgBEAU&url=https%3A%2F%2Fwww.volocopter.com
%2Fde%2Fproduct%2F&psig=AOvVaw30eLz1ARBby59LGzedKNN4&ust=15612877
48836285

Volocopter VC 200

• Air Taxi:
 2-4 PAX
 TakeOff Weight 0,5…2 to
 Range 20…50 km
 Endurance < 0,5 hours
 Size 8-10 m

Electrification in Transport:
Recent Development Projects:

https://www.welt.de/wirtschaft/article224230244/Lilium-Flugtaxi-ICE-der-
Luefte-wird-zur-groessten-Wette-der-Luftfahrt.htmlLilium, Range >100km

• Challenges:
 Safety
 Weight and Range
 Business Case

This document is property of Engineering Beratung Energiesysteme
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𝑬𝒏𝒆𝒓𝒈𝒚 𝑪𝒐𝒏𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏   𝑬 = 𝑚 × 𝑔 × ℎ

𝑬 =
𝑾𝒆𝒊𝒈𝒉𝒕 × 𝑹𝒂𝒏𝒈𝒆

𝑮𝒍𝒊𝒅𝒆 𝑹𝒂𝒕𝒊𝒐 

𝑮𝒍𝒊𝒅𝒆 𝑹𝒂𝒕𝒊𝒐  =
𝐿𝑖𝑓𝑡

𝐷𝑟𝑎𝑔
=

𝑹𝒂𝒏𝒈𝒆 𝒙

𝑳𝒐𝒔𝒔 𝒐𝒇 𝑨𝒍𝒕𝒊𝒕𝒖𝒅𝒆 𝒚

Sailplanes: 30…70  Helicopters 4…8
Commercial Aircraft:  15…24 

https://www.google.com/url?s
a=i&rct=j&q=&esrc=s&source=
images&cd=&ved=2ahUKEwjM
0JLG0fviAhXQDuwKHeF3CzUQj
Rx6BAgBEAU&url=http%3A%2
F%2Fwww.mgow.ch%2Ferstflu
g_ewd_und_schwerpunkt.htm
&psig=AOvVaw0RqE9mBLuVLn
MTd9m_iqVa&ust=156124125
1931775

Airbus 𝑨𝟑𝟑𝟎:

E =
𝒎×𝒈×𝑹

 =
𝟐𝟒𝟎𝒕𝒐 × 𝒈 ×𝟏𝟐.𝟎𝟎𝟎𝒌𝒎

𝟐𝟎
=  400 MWh

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&
ved=2ahUKEwjc6_fDh_3iAhXQfFAKHSveC9wQjRx6BAgBEAU&url=http%3A%
2F%2Fwww.paradisi.de%2FFitness_und_Sport%2FLuftsport%2FSegelfliegen
%2F&psig=AOvVaw22d1W6XzMACbk3Lh4N5TFf&ust=1561291824455510

Slender wing = high glide ratio
https://www.google.com/url?sa=i&url=https%3A%2F%2Fluftrettung.adac.de%2Fstationen%
2F&psig=AOvVaw1zFLxPmklSQNTLeGEZ-
sRj&ust=1650193809793000&source=images&cd=vfe&ved=0CAwQjRxqFwoTCKCnvpa5mPc
CFQAAAAAdAAAAABAD

A Bit of Physics
… Glide Ratio, Energy



Fuel burn Pax Aircraft: 2-3 l/(pax*100km) @ 1000km/h
Fuel burn Car :     4-8 l/(1…4 pax pax*100km) @ 100km/h

H = 600km equivalent altitude for glide

This document is property of Engineering Beratung Energiesysteme
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MTOW     Maximum Take Off Weight
OWE  Operational Weight Empty 
nm Nautical Mile= 1,852km

Typical Long Range Aircraft:
50% Structural Weight incl. Engine
40% Fuel
20% Payload

Airbus A330-200:
MTOW 242 to (100%)
Structural Weight OWE 124 to (51%)
Fuel Capacity 109 to (45%)
Payload Capacity 53 to (21%)
Nominal Range 7230 nm (13 tkm)

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.aircharterservice.de%2Finformationen-zu-
flugzeugen%2Fgrossraumflugzeugen%2Fairbus-europe%2Fairbusa330-
200&psig=AOvVaw0CNnqALTiAtmsrRf4yBcm_&ust=1650261242019000&source=images&cd=vfe&ved=0CAwQj
RxqFwoTCLiu6K20mvcCFQAAAAAdAAAAABAJ

A Bit of Physics
… Range and Weight

Max. payload range
Max. useful range
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Payload – Range - Diagram A330

Startgewicht Strukturgewicht Nutzlast Kraftstoff

Nominal range = 247 PAX
Typical 3-class cabin layout

Truck
Payload      66%
Structure 32%
Fuel  2%

This document is property of Engineering Beratung Energiesysteme
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Siemens 2015

Technology Demonstrator
260 kW / 2.500 Upm

5 kW/kg

https://www.aerosi
eger.de/images/ne
ws_picupload/pic_si
d4867-2-norm.jpg

Required Range of Engine Power in Aviation:      5…20 kW/kg   at  2…50 MW 

State of the Art Aerospace E-Drives:   1…10 kW/kg   at   0,1…2,5 MW

Tesla Model S

500 kW / 236 kg
incl. 79 kg Gear Box

2,1 kW/kg

https://www.bing.com/images/bl
ob?bcid=qGa.nleSs-
kHezrDoOYJXJs9Qapm.....8s

ATR 72-600 (72PAX)

2 x 2045 kW / 480 kg 
incl. 180 kg Gear Box

4,6 kW/kg

https://upload.wikimedia.
org/wikipedia/commons/
b/b2/PW120.jpg

Battery-Electric Aircraft
What about Electric Drives?

This document is property of Engineering Beratung Energiesysteme
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Calorific Value Hydrogen  33 kWh/kg
Calorific Value Kerosene 12 kWh/kg
Batteries Energy Density 0,2…0,3kWh/kg

Battery-Electric Aircraft 
Which Fuel to be selected?

Today

Batteries compared to Kerosene:
• Energy Density per kg:  1,5...3 %
• Energy Density per Volume:    5...6 %

This document is property of Engineering Beratung Energiesysteme



Battery-Electric Aircraft 
Elektrical Power Train for Airbus A330e
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1x

22x

12.000 Wh/kgCalorific Value Kerosin

240 Wh/kgEnergy Density Li-Ion Battery
per Module (optimistic)

45%Efficiency of Turbine Power 
Train

A330-200:

Typical Mission in 3-class Layout: 
7200nm (13.000km)  247 PAX Munich - Lima, Peru 
~ 2,7 l / (100km*PAX)

50x

Maximum electrical Mission: 
80nm (150km)  100 PAX Munich – Linz, Austria
Battery 109 to total = 240 kg / (100km*PAX):
30to (Cruise Flight)
80to !! Reserves (150nm + 45min)

This document is property of Engineering Beratung Energiesysteme
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• Propellers need much less power in TakeOff but are limited to 500…700 km/h cruise speed

• Turbofans lose a lot of thrust at altitude due to air density but convince by very high TakeOff thrust

Pratt & Whitney 127F

24,7 kN TakeOff Thrust
D-Prop 3,93 m

https://www.aircr
aftrecognitiongui
de.com/images/ai
rcraft/Aerospatial
e/atr72-500-
propeller.jpg

https://img
proc.airline
rs.net/phot
os/airliners
/3/8/0/496
5083.jpg?v
=v4eb2cea
a1b7

Honeywell ALF 500

25 kN TakeOff Thrust
D-Fan 0,91 m

TakeOff Thrust F and Power P

𝐹 = 𝑚̇௜௡ ∗ ∆𝑣 P =
௠̇೔೙

ଶ
∗ (𝑣ை௨௧௙௟௢௪

ଶ − 𝑣்௔௞௘ை௙௙
ଶ)

Comparrison Propeller versus Turbofan

Propeller
𝑚̇௜௡ = 1185 𝑘𝑔/𝑠

∆𝑣ை௨௧௙௟௢௪ =
ி

௠̇೔೙
= 21 m/s

𝑣ூ௡௙௟௢௪ = 80 m/s
𝑣ை௨௧௙௟௢௪ = 90 m/s (360 km/h)

P = 1.973 kW

Turbofan
𝑚̇௜௡ = 131 𝑘𝑔/𝑠

∆𝑣ை௨௧௙௟௢௪ =
ி

௠̇೔೙
= 189 m/s

𝑣ூ௡௙௟௢௪ = 164 m/s
𝑣ை௨௧௙௟௢௪ = 258 m/s (929 km/h)

P = 4.044 kW

v_Inflow = v_TakeOff + ଵ
ଶ

∆𝑣,     v_TakeOff = 69,4 m/s (250km/h)

Battery-Electric Aircraft 
Design for Electrification: Propeller or Fan?

This document is property of Engineering Beratung Energiesysteme
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MTOW     Maximum Take Off Weight
OWE        Operational Weight Empty
nm Nautische Meile= 1,852km

ATR 42-500:

MTOW 18,6 to (100%)
Structural Mass OWE 10,1 to (54%)
Max. Fuel 4,5 to (24%)
Max. Payload 5,2 to (28%)
Typ. Layout 50 Pax
Nominal Range (1300km)  700 nm
Maximale Range (3100km)       1700 nm

Battery-Electric Aircraft 
Design of an Electric Aircraft ATR 50e

Design Equation (Prof. Torenbeek 1986):

𝑀𝑇𝑂𝑊 = 𝑂𝑊𝐸 + 𝑃𝑎𝑦𝑙𝑜𝑎𝑑 + 𝐸𝑛𝑒𝑟𝑔𝑦𝑊𝑒𝑖𝑔ℎ𝑡

𝐸𝑛𝑒𝑟𝑔𝑦𝑊𝑒𝑖𝑔ℎ𝑡 =
𝑅𝑎𝑛𝑔𝑒 + 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑠 ∗ 𝑀𝑇𝑂𝑊 ∗ 𝑔


∗ 𝑠𝑝𝑒𝑐. 𝑊𝑒𝑖𝑔ℎ𝑡. 𝐵𝑎𝑡𝑡.

𝑂𝑊𝐸 = 1,25 ∗ 𝑃𝑎𝑦𝑙𝑜𝑎𝑑 + 𝟎, 𝟐𝟒 ∗ 𝑀𝑇𝑂𝑊 + 0,5 𝑡𝑜

Range Limit of todays
Battery Technology

Reserves (150nm + 45min) 
Kerosene Range Extender 
allows an extra  +250nm

This document is property of Engineering Beratung Energiesysteme
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MTOW     Maximum Take Off Weight
OWE        Operational Weight Empty
nm Nautical Mile= 1,852km

ATR42 – ATR 50e - 250nm Design Range
ATR42        ATR50e

MTOW kg 18.600 49.450 x2,8

OWE w/o batteries kg     11.700 18.860
Fuel 460km 716,6 25.590 x35

Battery-Electric Aircraft 
Economy of Battery-Electric Aircraft - ATR 50e  (250nm)

Aircraft Price M€ 9,7     16,6…30,0
Ticket Price 100%  190%…390%

PAX Cabin PAX Cabin

This document is property of Engineering Beratung Energiesysteme
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https://www.aerobuzz.fr/wp-content/uploads/2018/04/AERO-electro-Pipistrel-Alpha-.jpg

• Challenges:

 Weight
 Cost
 Business Model

https://hightech.fm/files/1/upload/1210x600/50578.jpg

Pipistrel: Slowakei, 
Supplier of Ultra Light 
Aircraft 
Alpha ist an 80 hp Trainer

E-Version (Trainer) 
Flight Time 60min 

+ 30min Reserves
Powerplant 50kW
Battery 20kWh (>100kg)https://www.aopa.org/-

/media/images/legacy/aopa/pilot/1510p/1510p_pipi_001.jpg?mw=1200&mh=675&as=
1&hash=051F772C2FC45B4FA0B8F8BD2BDFAE101E7DF151

https://www.aerobuzz.fr/wp-content/uploads/2018/04/AERO-
electro-Pipistrel-Alpha--560x374.jpg

https://digitash.com/engineering/aerospace/worlds-first-certified-electric-aircraft-alpha-electro/

Battery-Electric Aircraft 
Project in Produktion

This document is property of Engineering Beratung Energiesysteme



Redesign 2022

https://www.google.com/url?sa=i&url=https%3A%2F%2F
www.electrive.net%2F2021%2F07%2F02%2Feviation-
aircraft-nennt-details-zu-e-flugzeug-
alice%2F&psig=AOvVaw11WWhZc5hD6guvl8qV9P-
X&ust=1650258575929000&source=images&cd=vfe&ved
=0CAwQjRxqFwoTCJi_iLyqmvcCFQAAAAAdAAAAABAD
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Eviation: Start-Up from Israel and USA
Alice: Short Range Elektro Commuter
9 Passengers (~1,1to / 13% of MTOW)
Range 250 nm (+ Reserves)
250 kn (460 km/h)
8,4 to MTOW,  4,8 to of Batteries (CS-23)
2 x 700kW Engines
200 Wh/kg Battery
~ 57% of Aircraft Mass in Batteries
~ 36% (3 to) Structural Mass

eviation aircraft ltd, Israel https://hightech.fm/files/1/
upload/1210x600/50578.jpg

https://zunum.aero/wp-content/uploads/2017/10/technology-regional-air-network_2.png

Battery-Electric Aircraft 
Promising Project: Eviation Alice

• Commuter Shuttle

• Challenges:

 Technology Readiness
 Weight and Cost
 Performance / Battery
 Business Model

2024 Design for Manufacturing
Planned Serial Production 2030+

First Flight 2022 (8min)
Followed by Battery Fire…

Battery in Fuselage

This document is property of Engineering Beratung Energiesysteme
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Battery-Electric Aircraft 
CS-25 Commercial Aircraft - Heart ES-30 – in Project State

Today‘s Design Status ES-30:
• Experienced Airframe

Manufacturer on Board
• Batteries moved into

Fuselage and Wings
• 30 PAX instead of 19

Initial Design ES-19:
• 4 Autonomes Engine Nacelles with

• Electric Drive 
• Battery
• Charging Port

• 2 Turboprop Engines in 
outer Nacelles for
• Better Range 
• Lower Empty Weight

This document is property of Engineering Beratung Energiesysteme
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Total
27%

Power to 
Liquid (SAF)
70%

Total
23%

Electrolysis
70-80%

Total
30-35%

Power to Liquid 
competitive when 
CO2 Tax reaches

400 €/to

Fuel Cells replace Batteries 
Chain of Efficiencies in Power Train – Competing Concepts

SAF: Sustainable Aerospace Fuel

NOX?
Contrails ?

SAF: Sustainable 
Aviation Fuel

This document is property of Engineering Beratung Energiesysteme
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Hydrogen:
• High energy density
• 33.000Wh/kg (Calorific Value)
• Environmentally friendly

Fuel Cell
• Batteries in TakeOff + Climb?

Challenges:
 LH2Volumen 

– 3 kWh/l (Kerosene 9 kWh/l)
 Cryogenic tanks (2 kg/kgH2)
 Fuel cell weight (1-2kW/kg)
 Drag (Cooling+Weight+Volume)
 Fuel cost

https://www.google.com/url?sa=i&url=https%3A%2F%2Fnewsabc.net%2Fhydrogen-aircraft-should-be-able-
to-carry-80-passengers-in-ten-
years%2F&psig=AOvVaw0HUDGPvwXtD3xZ5VxHxyY8&ust=1618847783319000&source=images&cd=vfe&ved
=0CAIQjRxqFwoTCPjf4IqUiPACFQAAAAAdAAAAABAE

Die Wasserstoff-Optionhttps://www.electrive.net/wp-content/uploads/2019/08/zeroavia-e-flugzeug-electric-aircraft-
brennstoffzelle-fuel-cell-prototype-2019.png

ZeroAvia Piper M DLR Hy4

Artists View

Fuel Cells replace Batteries 
The Fuel Cell Vision

This document is property of Engineering Beratung Energiesysteme
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https://www.youtube.com/watch?v=TCELVvDChYk
https://www.youtube.com/watch?v=1iRSN0oTeFc&t=21s

https://imgr1.flugrevue.de/image-jsonLd4x3-3bdcc51-1981090.jpg

Dash-8 300
• 2 x 1900 kW
• Fuel cell engine

600…800kW (30…40%)

This document is property of Engineering Beratung Energiesysteme



Fuel Cells replace Batteries
Fuel Cell Electric Engine for the ATR 50fc
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Fuel Cell Mission: 
1500nm (2800km)  50 PAX 
Munich – Antalya, Turkey
H2 Consumption ~ 950 kg H2

(instead of 2000kg Kerosene)

0,8x

3x

1x

Design Equation (Prof. Torenbeek 1986):

𝑀𝑇𝑂𝑊 = 𝑂𝑊𝐸 + 𝑃𝑎𝑦𝑙𝑜𝑎𝑑 + 𝐸𝑛𝑒𝑟𝑔𝑦𝑊𝑒𝑖𝑔ℎ𝑡

𝐸𝑛𝑒𝑟𝑔𝑦𝑊𝑒𝑖𝑔ℎ𝑡 =
𝑅 + 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑠 ∗ 𝑀𝑇𝑂𝑊 ∗ 𝑔


∗ 𝑠𝑝𝑒𝑐. 𝐵𝑎𝑡. 𝑊𝑒𝑖𝑔ℎ𝑡

𝑂𝑊𝐸 = 1,25 ∗ 𝑃𝑎𝑦𝑙𝑜𝑎𝑑 + (0,24 + 𝟎, 𝟏𝟕) ∗ 𝑀𝑇𝑂𝑊 + 0,5 𝑡𝑜

12.000 Wh/kgCalorific Value Kerosene

33.000 Wh/kgCalorific Value Hydrogen

2,2 kg/kgH2Mass Cryo-Tank

2 kg/kWMass FC – Power Train

Design Range 250nm + Reserve
MTOW  21,5to = 1,16 x ATR42
H2 + Tank  0,69to =    3,2%
Structure 15,8to =  73,6%
Payload  5to =  23,3%

Design Range 1500nm + Reserve
MTOW  25,3to = 1,36 x ATR 42
H2 + Tank     3,0to =    11,7%
Structure 17,4to =    68,6%
Payload            5to =   19,7%

+70%

This document is property of Engineering Beratung Energiesysteme
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MTOW     Maximum Take Off Weight
OWE        Operational Weight Empty
nm Nautical Mile= 1,852km

Fuel Cells replace Batteries
Comparing Design and Economics:
ATR 50fc and ATR 50e  vs. ATR 42 (250nm / 1500nm)

PAX CabinPAX Cabin PAX CabinPAX Cabin

Mass and Cost: ATR42 – ATR 50e – ATR 50fc-250 / -1500
ATR 42 ATR 50e  ATR 50fc

MTOW kg 18.600  49.450 21.500 / 25.350 +16 / 36%

OWE w/o „energy“ kg 11.700 18.860 17.390 +50%

Energy 250/1500nm kg 716 / 2.610 25.590/-- 750 / 3.310 incl.Tank

8m³

2 to

FC Drive

4m 2m

6m

Aircraft Price M€ 9,7 16…30 8,7…11,4
Ticket Price      100% 150%…260% 104%…128%

This document is property of Engineering Beratung Energiesysteme
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Pipistrel Alpha Electro

• Electric Aircraft Business remains

extremely challenging on

 Economics

 Technology Readiness

 Network Size (Range)

• What will we see?

 Bigger Aircraft:

– eFuels (SAF) Weight/Range

 Regional Routes:

– Fuel Cell Prop + LH2

– Hybrid Concepts

(Battery +  SAF-Turboprop)

 Ultra short range / UAM: 

– Battery-Electric-eVToL / Wing

Volocopter

UAM: Urban Air Mobility
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