DGREEH FLYWARY

Electrification of Aviation

Catalogue

July 2020

GreenFlyway Ostersunds kommun e-mail: hans.dunder@greenflyway.com

- mnLerre N REGION
SE- 831 82 Ostersund, Sweden e-mail: anne.sorensson@ostersund.se lS\.rerige-Norc_:‘;Z HAJF/?JMEBIL?_IER %5 I;lakliﬁlglﬁmune
Web: WWW.gI’eenﬂyway.C()m Europeiska regionala utweckingsfonden  EUROFEISKA UMONEN



Preface

This catalogue is made by Wout Desloovere (wout.desloovere@hotmail.com) on behalf of

Green Flyway. | am a Master of Science with a major in environmental science, attended at

Mid Sweden University. My Master thesis AAn eval
as last-mi | e |l ogi stics, i n Ja2mtl ando, can be f ou
www.greenflyway.com under documents.

The Green Flyway is a unique test arena for Electric aircraft, UAS, ATS and ground support. It
is located in the middle of Sweden and Norway. The test area offers a unique environment
with several airports. Manufactures of industrial components, universities, research institutions
and the aviation industry are clustered together. Further information about the Green Flyway
can be found on the next page and on page 197.

Within Green Flyway, you are able to design your test based upon your wishes and
requirements. For further information, visit the website www.greenflyway.com or contact one
of the project managers (Hans Dunder; hans.dunder@greenflyway.com or Anne Sérensson;
anne.sorensson@ostersund.se)
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Green Flyway

The Green Flyway has multiple areas on which it is working. A first work-area is electric aircraft
and passenger drones. In the future, electric aircraft will become a much more common sight.
Nowadays, small models fly completely on electricity provided from a battery system. Larger
aircraft still rely on a second energy source, which can be done with a hybrid system. Green
Flyway offers opportunities for test actors to fly point to point. These tests can diversify from
technology to business setups.

A second work-field is autonomous UAV (Unmanned Arial Vehicle) or drone systems. The aim
is to develop a secure infrastructure, both on land as in the airspace where research, testing,
certification, education, marketing, delivery checks etc. of UAV systems can be carried out.
These unmanned piloting systems could be used for rescue applications, environmental
applications or in a later stage even to fly passengers without an actual pilot on board.

Green Flyway test arena can provide a unique air space for testing. The Green flyway can
perform test operations between the airport of Réros (Norway), Sveg Harjedalen Airport
(Sweden), Ornskoldsvik Airport (Sweden) and Are Ostersund Airport (Sweden). During these
test flights, multiple airspaces could be crossed without restricting access for other aviation in
the same airspace. Furthermore, Trondheim (Norway) is a centre of knowledge with several
partners such as Rolls Royce, Siemens, Kongsberg Maritime and SINTEF.

Infrastructure is of great importance to the Green Flyway. The development goes further than
the testing of aircrafts. The airport infrastructure, charging equipment, hangars and workshops
should be optimally designed. Green Flyway already provide renewable electricity for electric
aircraft and drones.

Within Green Flyway, you are able to design your test based upon your wishes and
requirements. For further information, visit the website www.greenflyway.com or contact one
of the project managers (Hans Dunder; hans.dunder@greenflyway.com or Anne Sérensson;
anne.sorensson@ostersund.se)
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Abbreviations

AED i Automated External Defibrillator

CCS2 i Combined Charging System type 2

CTOL i Conventional Take Off and Landing

HTOL 1 Horizontal Take Off and Landing

ICE i Internal Combustion Engine

N/A 7 Not Available

STOL i Short Take Off and Landing

UAV i Unmanned Aerial Vehicle

VTOL 1 Vertical Take Off and Landing

6 T Symbol used for minutes (table)
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Introduction

This catalogue is made to create an overview of the existing electrified aviation models on the
market. These models can have either a battery electric, a hydrogen, or hybrid propulsion
system. The focus is laid upon models that have or will have the possibility to transport people
and/or cargo. The models are grouped into different types, such as conventional take-off and
landing (CTOL) and vertical take-off and landing (VTOL). They are ordered by the stage of
development they have reached. Certified or production ready models come first, followed by
models preforming test flights. Hereafter we have prototypes, construction of the prototype,
and sub-scale prototypes. Last comes the models that are still concepts nowadays or the ones
which stage of development is unknown. Almost all Unmanned Aerial Vehicles (UAVS) or
aircraft models existing nowadays, can carry some type of cargo. However, this catalogue is
focused upon aircraft and UAVs where this is the main function, and where the company plans
to use the vehicle for this type of services, in other words it only looks upon aircraft or UAVs
specifically designed for transporting people or cargo.

Hybrid and hydrogen aircraft and UAV models are also included, because they commonly work
as an electric aircraft with some sort of range extender. This is needed because nowadays
battery technology limits the capabilities. With the help of a hybrid system, aircraft can fly longer
or carry more passengers or cargo, compared to a battery electric aircraft, while still having
lower emissions than conventional propulsion systems. Hydrogen would be a better solution
than hybrid options, since hydrogen can be produced sustainably and would have almost no
impact or a low impact on the climate, compared to hybrid options. Although the technology is
still not fully developed, it shows great potential and will be used in the near future.

The information in this catalogue mainly comes from the websites of the manufactures or
companies behind the aircraft/UAV, additional information might come from press releases.

UAVs can be used for multiple functions. The cargo function assessed in this catalogue,
includes different services such as healthcare. Where for examples vaccines or medication
can be carried by a drone. logistics or package delivery drones can be used for the last-mile
or the last step in a logistic process. Cargo drones can also be used for delivering food or in
industrial processes for many applications such as delivering parts when needed.

The catalogue does not go into detail about the charging system of electrified aircraft. This has
multiple reasons. First off, this information is not publicly available by the manufacturing
companies. But more important, there is no standard in the industry. Every manufacturer can
decide for themselves which hardware or charging system they are going to use. Furthermore,
the software or communication between charge system and the aircraft is different between
different companies. The same problem appeared with electric automobiles, where every
manufacturer used different systems. Nowadays, there are some general types used such as
CCS2 in Europe. However, there are still differences on a global scale. It could be argued that
electric aircraft should use the same CCS2 system, but since battery systems get bigger, in
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the future different systems might be needed that can charge at even higher power than is
possible nowadays with CCS2. If the same type of connecter would be standard, there still
needs to be a standard about the communication from the (super)charger to the aircraft, so
the same system can be used for different types of aircrafts from different manufacturers.
There are new systems being designed for electric semi-trucks which could be for the benefit
of electric aviation as well. To avoid situations where airports would need vast amounts of
charging systems, standardization is needed sooner rather than later. In general, all electric
aircraft will use so called super chargers, which charge directly from DC to DC, because of
this, these aircrafts d o n 6 t convereerd, which makes them lighter.

Future work could regard UAV systems or drones with other commercial functions that are not
mentioned in this catalogue. The possibilities or opportunities for drones seem to be endless,
but the main other commercial fields these systems could be used in are:

- Emergency response including humanitarian aid and disaster relief, delivering
automated external defibrillator (AED), helping police, etc.

- Agriculture were UAVs could be used for mapping the field, precision farming, spraying
the field with pesticides or fertilizers, monitoring the crops, etc.

- Infrastructure inspections such as inspecting bridges, buildings, windmills, powerlines,
etc.

- Media and cinematographic, drones with high end camera systems used for movies,
advertisements, etc.

- Environmental or conservation were drones can be used to track groups of animals to
study their behaviour or protect the animals, mapping the impact of climate change,
etc.

Pictures were taken from the official websites of the companies representing the aircraft
models or press releases by these companies.
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CTOL 1 Conventional
take-off and landing

A conventional take-off and landing (CTOL) aircraft also known as a horizontal take-off and
landing (HTOL) aircraft is the type of aircraft which is most common today. For taking off and
landing it requires a runway. The length of the runway depends on the model and how powerful
the engines are, electric engines might reduce the need for long runways.
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CTOL 1 Conventional take-off and landing EASE Certified

Velis Electro (Pipistrel)
. VELIS Electro

Technology: Battery electric CTOL

Number of Passengers: 2

Range/Endurance: 50 minutes (with reserves)

Weight (empty): 428 kg

MTOW: 600 kg

Payload: 172 kg

Engine: Pipistrel E-811 EASA type-certified (57,6 kW)

Size: Length 6,47 m; Wingspan 10,71 m; Height 1,9 m

Top speed: 185 km/h

Cruising speed: 166 km/h

Stall speed: 83 km/h

Battery capacity: 24.8 kWh

Intended use: Pilot training, demonstrate safety, prove itself
Stage: EASA certified

Country development: Slovenia

Contact information: +386 5 36 63 873 info@pipistrel-aircraft.com
Website: https://www.pipistrel-aircraft.com/

Link(s) more information: https://www.pipistrel-aircraft.com/aircraft/electric-flight/velis-
electro-easa-tc/

14
DGREED FLYWAY



CTOL 1 Conventional take-off and landing Certified in some countries

Alpha electro (Pipistrel)

Technology: Battery electric CTOL

Number of Passengers: 2

Range/Endurance: 60 minutes + reserve

Weight (empty): 386 kg

MTOW: 472,571 550 kg

Payload: 182 kg

Engine: Pipistrel PEM 60MVLC

Size: Length 6,5 m; Wingspan 10,5 m; Height 2,05 m

Top speed: 185 km/h

Cruising speed: 157 km/h

Stall speed: 70 km/h

Battery capacity: N/A

Intended use: Pilot training

Stage: Certified in some countries

Country development: Slovenia

Contact information: +386 5 36 63 873 info@pipistrel-aircraft.com
Website: https://www.pipistrel-aircraft.com/

Link(s) more information: https://www.pipistrel-aircraft.com/aircraft/electric-flight/alpha-
electro/#tab-id-1
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CTOL i Conventional take-off and landing Certified in some countries

Taurus Electro (Pipistrel)

Technology: Battery electric CTOL (Glider)

Number of Passengers: 2

Range/Endurance: N/A (glider)

Weight (empty): 306 kg

MTOW: 450/ 472,5 / 550 kg

Payload: N/A pilot weight 90kg minimum or ballas weight than 69 kg minimum
Engine: Electric 40/30 kW

Size: Length 7,3 m; wingspan 15 m; height 2,7 m

Top speed: 225 km/h

Cruising speed: 115 km/h

Battery capacity: 20 Ah/ 4,75 kWh

Intended use: Gliding

Stage: Certified in France, Germany and Slovenia

Country development: Slovenia

Contact information: +386 5 36 63 873 info@pipistrel-aircraft.com

Website: https://www.pipistrel-aircraft.com/

Link(s) more information: https://www.pipistrel-aircraft.com/aircraft/electric-flight/taurus-
electro/#tab-id-4
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CTOL i Conventional take-off and landing

Test flight(s)

Ampaire Electric EEL (Reconfigured
twin-engine Cessna 337 Skymaster)

|
e

Technology: Hybrid CTOL

Number of Passengers: 6

Range/Endurance: N/A

Weight (empty): N/A

MTOW: N/A

Payload: N/A

Engine: Front engine conventional, tail engine electric

Size: N/A

Top speed: N/A

Cruising speed: N/A

Stall speed: N/A

Battery capacity: N/A

Intended use: Short distance commuter (regional airports)

Stage: Test flights on commercial routes with Mokulele (Hawaii)
Country development: USA

Contact information: N/A

Website: https://www.ampaire.com/

Link(s) more information: https://www.ampaire.com/
https://edition.cnn.com/travel/article/ampaire-electric-plane/index.html
https://www.ampaire.com/news/press-release-hybrid-strategy-071719
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CTOL 1 Conventional take-off and landing Test flight(s)

BRM Aero Energic (H55)

Technology: Battery electric CTOL (H55 producent of Electric propulsion systems)
Number of Passengers: 2

Range/Endurance: 90 minutes

Weight (empty): N/A

MTOW: 850 kg

Payload: 200 kg

Engine: Max 90 kW, max continuous power 65 kW

Size: N/A

Top speed: N/A

Cruising speed: N/A

Stall speed: N/A

Battery capacity: 50 kWh

Intended use: Flight trainer (battery system for other uses sold to other manufacturers)
Stage: Test flights, certification planned by end 2021

Country development: Switzerland

Contact information: +41 79 821 19 29 gergory.blatt@h55.ch

Website: https://www.h55.ch/

Link(s) more information: https://www.h55.ch/products
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