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Ett	omvälvande	teknikskifte!



ELISE	
Elektrisk	Luftransport	i	Sverige



ELISE	–	mål

Vad?	 	 Eldrivet	regionalflyg.	
Varför?		 Hållbara	transporter.	
Hur?	 	 Samverkan	och	kompetens.		

Flyg	kan	vara	energi-	och	resurseffektivt!





Agenda 2030



Lönsamhet Tillgänglighet

Klimat



Lönsamhet Tillgänglighet

Klimat



Jämställdhet	och	mångfald

• Nya	aktörer	och	ny	teknologi	
bryter	gamla	strukturer.	

• Drivs	av	en	vision	om	ett	bättre	
samhälle.	

• Ny	generation	av	flygintresserade!



Partners

Elise	steg	1	-	2018



Elise summit 
6 december 2018



Anders	Forslund

Heart	Aerospace



ICARUS

Industriella	partners

Akademiska	partners

Advisory	board

Elise steg 2: 2019-2021



Kristina	Wärmefjord
Projektsamordnare

Mauritz	Andersson
Akademisk	koordinator

Anders	Forslund
Industriell	koordinator



Forskning:	Elflyg	och	elmotorer 
(Oktober	2014	-	Energimyndigheten)

Mauritz	Andersson

Industri:	Optiska	LiDAR-sensorer	för	
autonoma	fordon



Kristina	Wärmefjord

CONCEPT

VERIFICATION 

PRODUCTION

Robust Locator Design

Variation Simulation & Visualization

Joining Simulation & Optimization

Inspection Preparation & OLP of CMMs and Scanners 

Inspection

Six Sigma Process Control &  

 
Geometry	Assurance	&	Robust	Design



Johan	Jansson  
KTH	och	Icarus

• Spetsen	av	aerodynamisk	forskning	och	
beräkningsindustri.	

• Interaktiv	aerodynamisk	design.	
• Gör	innovation	lättillgänglig.	Stödjer	det	
framväxande	dynamiska	ekosystemet	
kring	elektriskt	flyg.	

• Tekniken	och	det	matematiska	ramverket	
Digital	Math	lärs	ut	i	den	digitala	kursen	
MOOC-HPFEM		

• Planerar	att	göra	en	ELISE-version.



David	Lundström	
Alejandro	Sobron

• Flygtester	och	validering	i	
modellskala.	

• Möjliggör	snabbare	
utvecklingscykler.





Thanh	Bui

• Marknad	och	affärsmodeller	
• Systemstudier









Heart	Aerospace



Heart	finansieras	av	Y	combinator

• Y Combinator investerade 
$150,000 USD för 7% av Heart 

• Inskriven i winter 2019 batch 
• Kända alumni: Airbnb, Dropbox, 

Stripe, Reddit, Wright Electric, 
Boom Supersonic 

• Demo day: 18 mars 2019 
• Unikt nätverk av Silicon Valley-

investerare





• 19 passagerare (EASA CS-23) 
• 400 km räckvidd 
• 500 km/h hastighet 
• 20-40 min laddtid 
• 750m landingsbana 
• Range extender 
• Certifierat 2025

Heart ES-19





NORGE!		Skandinavien?	







Vad säger flygbolagen?



BRA
Anna Soltorp, hållbarhetschef på BRA, ser 
möjligheter:

”Vi är övertygade om att inrikesflyget kommer att 
behövas även i framtiden. Med korta flygsträckor, 
regionala behov av täta tidtabeller och enkel 
logistik är det här som reguljärt elflyg kan bli 
verklighet först.”
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SAS
“SAS har en ambitiös hållbarhetsagenda som 
inkluderar användandet av elflyg på korta rutter i 
framtiden. Vi flyger idag ett antal rutter som är 
kortare än 400 km och som potentiellt kan ersättas 
med elflygplan av lämplig storlek. Därför är det här 
ett intressant projekt som vi självklart stöttar” säger 
Lars Andersen Resare, hållbarhetschef på SAS.
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Widerøe
“Den nya tekniken kommer att vara särskilt väl 
lämpad för att serva våra kortdistansrutter på den 
norska landsbygden. Widerøe vill vara tidig med 
den nya teknologin som en del av bolagets 
långsiktiga strategi att vara utsläppsfri”, säger 
strategidirektör Terje Skram på Widerøe.





Nordiska	ru]er

0

22.5

45

67.5

90

Reslängd	i	kilometer

0 100 200 300 400 500 600 700 800 900 1000

Antal	rutter	
(kumulativt)

Vilket	nordiskt	flygbolag	flyger	mest	korta	rutter?

BRA

Finnair

Norwegian

SAS

Widerøe



Fantasier?



Fantasier?





Elflyg	
finns	idag!

Pipistrel	Alpha



Pipistrel	Alpha,	BROMMA	Juni	2018



PC-Aero Elektra One Solar

PC-Aero	Elektra	One	Solar	-	1000	km	räckvidd

MTOW 300 kg

Empty weight 100 kg

Battery weight 100 kg

Payload 100 kg

Wing span 11 m

Wing surface 8,2 m2

Solar power ~1 kW

Max. engine power 16 kW

Max. range up to 1,000 km

Max. endurance more than 8 hours

Cruise 140 km/h

Aspect ratio 14,7

Best glide ratio 30

Flight power 2.5 - 5 kW







Det	är	effekZvt	a[	flyga!

Paweł Kuźniar

Wisdom





Jordens	strålningsbalans

Raymond T. Pierrehumbert 
Infrared radiation and planetary temperature, Physics Today, January 2011 

separately on a grid of millions of frequencies and the results
are summed to obtain net fluxes. Climate models, however,
require greater computational efficiency; one needs to com-
pute the  frequency- averaged radiation flux at each of several
thousand model time steps for each of several thousand grid
boxes covering a planet’s atmosphere. Modelers use various
approximations to represent the aggregate effects of spectral
lines averaged over bands about 50 cm−1 wide. Such approx-
imations are validated against line-by-line codes that have, in
turn, been validated against laboratory and atmospheric ob-
servations. When averaged over a broad band, radiative flux
decays algebraically rather than exponentially with distance
traversed, because the progressive depletion of flux at
strongly absorbed frequencies leaves behind flux at frequen-
cies that are more weakly absorbed.5

Confirmation by observed spectra
The Sun radiates approximately like a blackbody having a
temperature of 6000 K, even though the temperature of the
solar interior is many millions of degrees. That’s because the
visible-wavelength and IR photons that predominate in solar
radiation can escape from only the cooler outer layers of the
Sun. Similarly, the 2.7-K cosmic microwave background ra-
diation gives the temperature of the radiating layer of the
very early universe, redshifted down from its original, much
higher temperature.

The radiating layer of a planet is the IR equivalent of the
Sun’s photosphere. When a planet is viewed from above, the

emission seen at a given frequency originates in the deepest
layer that is optically thin enough for significant numbers of
photons to escape. The effective emission temperature for
that frequency is a suitably weighted average temperature of
that layer. If the atmospheric temperature varies with height,
variations of the absorption coefficients of atmospheric 
constituents with frequency show up in planetary emission
spectra as variations of emission temperature; the more 
transparent the atmosphere is, the deeper one can probe.

For atmospheres heated partly from below—either as a
consequence of solar absorption at the ground as in the case
of Earth, Mars, and Venus, or due to internal absorption and
escaping interior heat as with Jupiter and Saturn—the lower
layers of the atmosphere are stirred by convection and other
fluid motions, and the constant lifting and adiabatic cooling
establish a region whose temperature decline with height ap-
proximates that of an adiabat. That region is the troposphere.
At higher altitudes, heat transfer is dominated by radiative
transfer instead of fluid motions; the corresponding region is
the stratosphere. Stratospheric temperature is constant or
gently decaying with height for pure IR radiative equilib-
rium, but in situ absorption of solar radiation can make the
stratospheric temperature increase with height. Ozone facil-
itates such absorption on Earth, and organic hazes have a
similar effect on Titan. Typical temperature profiles for Earth,
daytime Mars, and Venus are shown in the right-hand col-
umn of figure 3.

The top panel of figure 3 compares global-mean, annual-

36 January 2011    Physics Today www.physicstoday.org
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Figure 3. Satellite measurements
of emission spectra are not lim-
ited to Earth. (a) The left panel
compares a computed global-
mean, annual-mean emission
spectrum for Earth (blue) with
observations from the  satellite-
borne AIRS instrument (red);
both are superimposed over a
series of Planck distributions.
Two arrows point to absorption
spikes discussed in the text. 
The temperature profile to the
right, also an annual and global
average, is based on in situ meas-
urements. (b) The panel to the
left shows a summer-afternoon
emission spectrum for Mars
 observed by the TES instrument
on the Mars Global Surveyor. Its
accompanying temperature
 profile was obtained from radio-
 occultation measurements corre-
sponding to similar conditions.
(c) The panels here show a Venu-
sian equatorial night thermal
spectrum as measured by the
Venera 15 orbiter14 together with
a typical temperature profile for
the planet. The upper portion
(dashed curve) of the tempera-
ture sounding is based on radio-
occultation observations from

the Magellan mission; the lower portion (solid curve) was observed by a Pioneer Venus descender probe. For all three planets,
squiggly arrows on the temperature profiles indicate the range of altitudes from which IR escapes to space.



https://www.bloomberg.com/graphics/2015-whats-warming-the-world/





Utmaningen:	

Radikalt	minskade	utsläpp!

Glen	Peters	-	Klimatforskare	CICERO



Framtiden?

Approval Session Chapter 1 IPCC SR1.5 
 

Do Not Cite, Quote or Distribute 1-46 Total pages: 61 

 

 1 
FAQ1.2, Figure 1: Human-induced warming reached approximately 1°C above pre-industrial levels in 2017. 2 
At the present rate, global temperatures would reach 1.5°C around 2040. 3 
 4 
  5 



”
”Change	is	coming	whether	you	like	it	or	not”

–	Greta	Thunberg	@	COP24



”
–	Kate	Marvel,	climate	scientist

Courage	is	the	resolve	to	do	well	without	the	assurance	of	a	happy	
ending.	

I	have	no	hope	that	these	changes	can	be	reversed.	  
We	are	inevitably	sending	our	children	to	live	on	an	
unfamiliar	planet.	But	the	opposite	of	hope	is	not	
despair.	It	is	grief.	Even	while	resolving	to	limit	the	
damage,	we	can	mourn.	And	here,	the	sheer	scale	of	the	
problem	provides	a	perverse	comfort:	we	are	in	this	
together.	The	swiftness	of	the	change,	its	scale	and	
inevitability,	binds	us	into	one,	broken	hearts	trapped	
together	under	a	warming	atmosphere.	

We	need	courage,	not	hope.	



Fysik
Vad	är	möjligt?

[Energi per sträcka] = [Kraft]



CONCORDIA GLIDER

1:70



Glidtal	-	Elbilar

Vikt	~	22	000	N		(	2200	kg	)	

Luftmotstånd	  
	 F	=	400	N	@120km/h	  
	 CD	=	0.24,	Effektiv	area	0.6	m2	

Rullande	friktion 
	 F	=	400	N	  
	 Typisk	friktionstal	=	1/50	

Totalt	motstånd	  
	 F	=	800	N	=	220	Wh/km		

Effektivt	glidtal	~	25	



Glidtal	-	Jetflyg

Aerodynamiskt	glidtal	~	18	

Turbin-	och	fläkteffektivitet	~	30	-	40%		

Effektivt	glidtal	~	7

ToR: CO2 eq: 2.3 ton    www.myclimate.org



GLIDTAL Farkost

Cykel 35

Fossilbil 8

Elbil 25

Jetplan 7

Elflyg 30



GLIDTAL Farkost Person

Cykel 35 30

Fossilbil 8 2

Elbil 25 6

Jetplan 7 2

Elflyg 30 7



Flyga	med	dagens	batterier!

Glidtal	L/D	=	45	

25%	batterier	

Räckvidd	~	1000	km	

180 kg batteri ~ 40 kWh 

Specifik	altitud100 km

1:45



CPH 15294 km

(1/70 av avståndet)

229 km

GOT

ADL

Airbus A350



Disruptivt	
Teknikskifte

Nya	typer	av	flygfarkoster	
Nya	aktörer	utmanar	
Nya	affärsmodeller	

Vad	driver	innovation?



Elbilar

http://www.raywills.net/rtwtechadopt.htmlProfessor	Ray	Wills



Elektrisk	motor	-	Direktdrift

Massa	~	2	kg	

Storlek	~	22	cm	x	2	cm	

Effekt	~	10	kW	@	2000	rpm	

Vridmoment	~	50	Nm	

Verkningsgrad	~	95%		

Lyfter	~	70	kg	med	1.4	m	propeller



Hypstair	Demonstrator

Pipistrel	Panthera	
Siemens	elmotor	och	generator	



Volocopter

2011



Lilium	Aviation

Investment 100 million EUR



UBER	ELEVATE

www.uber.com/elevate/
uberAIR: Dallas, Los Angeles: demo flight 2020, first commercial ops 2023. 



CORA

KITTY HAWK CORA (USA/NYA ZEELAND)



https://youtu.be/FI8AemQcclY

https://youtu.be/FI8AemQcclY




Sum of investment: X $Billion



”Vanliga”	flygplan?



Zunum	Aero	–	Hybrid:	elfläkt	-	turbin	



EVIATION Alice – Eldriven batteri

”Designed to take 9 passengers up to 650 miles at a cruise speed of 240 knots. 
Alice will redefine regional transportation as an all-electric aircraft.”

Räckvidd	1000	km	
Fart	440	km/h		
Glidtal	~	27	
Batteri	900	kWh



Equator	Aircraft



Några	svenska	exempel

➤ EcoFlight	-	Pipistrel	Alpha 
Säve	flygklubb	-	Klimatklivet	

➤ Blackwing	AB	

➤ Katla	Aero



 
Klimatbovar	eller	hjältar?

Omfamna	utmaningen!	
Driv	på	omställningen!	

Var	modiga,	det	blir	bättre!



Allmänflygets	roll!

• Early	adopters	
• Pionjärandan!	
• Provflygningar	
• Allmänbildning	

• Ny	renässans	för	flyget	
• Billigare!	
• Tystare!	
• Roligare!



AIRRACE	E

• Air	Race	Formula	One	kommer		
som	ny	tävlingsklass!	

• www.airracee.com	
• Motor	150	kW		
• Vinge	6	m2	

• Designtävling	under	2019!	
• Modellera	i	X-Plane	
• Deadline	Sept	2019

http://www.airracee.com


”Eldrivet	flyg	ger	nya	möjligheter	till	
hållbara	flygupplevelser!	

Låt	oss	vara	modiga!				

 www.elise.aero



 www.elise.aero


