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Data source: Kost, C. et al.: “Stromgestehungskosten Erneuerbare Energien”, Study, Fraunhofer-Institut, 2013.
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Requirements e quantitatively: low LCOE

—-’ ...achievable qualitatively with:

G high reliability (particularly no crashes)
0 full automation
‘ long life time (20 years)

G high energy density (handling of
an autonomous flying object)
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Crosswind Kite Power with Rigid Kite
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Image source from: https://www.youtube.com/watch?t=71&v=WXuYjvzeUbA




Image source from: https://collegerama.tudelft.nl/Mediasite/Play /2ebb3eb4871a49b7ad70560644cb3e2cld
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Image source from: https://www.youtube.com /watch?t=2&v=6eJ02g0s96Y



Crosswind Kite Power with Rigid Kite
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ground generation
multicopter

multicopter catapult
take off & landing

centrifugal
take off & landing

take off & landing

take off & landing

high reliability ?

full automation?

high energy density?
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Technical Specifications EK1M-8.5 500 kW

v

Rated power: 500 kW ——

\\\
Voltage: 400 VAC a0
Rated wind: 8,5 m/s s
Wing area: 125 m? : 1 25 m2
Cut-In wind @300m: 3m/s -
Cut-off wind: 25 m/s -
Operational altitude: 300 m RN IS P ,
Tether length: 800 m 7 7
Size: 40 feet container rated
Yield*: 2,3 GWh/a = 9 m/s
LCOE*: 4,6 ct/kWh cut-In
~3 m/
Optional Storage: 500 kWh 3 S
Market entry: 2018
* EEG Reference, 5,5 m/s@30m
800 i EnerKite - Products x/@ The solution - Makani x i\+
Q(-/-",' @ https://www.google.com/makani/solution/ E1~v ¢ ] (Q suchen jl D 3 =
rated =~ 9 m/s
Makani Conventional Turbine

600 kW

~ 30 m?

Power (kW)

Wind speed (m/s)




Crosswind Kite Power with Rigid Kite

multicopter multicopter catapult centrifugal
take off & landing take off & landing take off & landing take off & landing

: : if all controls on kite: fail save to horizontal landing
fail-save to hover fail-save to hover

no reeling: simple control, simple
ground station, more average
power, power more continuously
tether-cables as lightning

simple take off & landing,
automation proven,
but: propellers are extra
all sensors, actuators and controls if 3 lines: all sensors, actuators and controls on ground

on Ki
low airborne mass and low tether drag if 1 line

simple take off & landing,
automation proven

high speed low torque drive train
but: more complex power
electronics & tether
noise not an issue




Crosswind Kite Power with Rigid Kite

multicopter multicopter catapult centrifugal
take off & landing take off & landing take off & landing take off & landing

. . if all controls on kite: fail-safe to horizontal landing
fail-safe to hover fail-safe to hover

no reeling: simple control, simple
ground station, more average
power, power more continuously
tether-cables as lightning

simple take off & landing,
automation proven,
but: propellers are extra
all sensors, actuators and controls if 3 lines: all sensors, actuators and controls on ground

on Ki
low airborne mass and low tether drag if 1 line

simple take off & landing,
automation proven
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high speed low torque drive train
but: more complex power
electronics & tether
noise not an issue




Let’s build

drones!



Let’s build
BIG
drones!



Let’s build
BIG, TETHERED
drones!



Let’s build
BIG, TETHERED, PEACE-
drones!
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Image source: https://upload.wikimedia.org/wikipedia/commons/9/97/The_Earth_seen_from_Apollo_17.jpg



@ Institute for Electrical Drive Systems and Power Electronics,

Department of Electrical Engineering and Information Technology,
Technische Universitat Miinchen

Airborne Wind Energy
— The Future of Wind Energy?

Florian Bauer (Ph.D. student at TUM, currently at UCI)
florian.bauer@tum.de

Presentation at IDTechEx, Santa Clara, 18. Nov. 2015




