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Hybrid-electric	and	Electric	Aircraft	–	researching	the	challenges	to	
introduction	

	
Report	on	a	symposium	to	share	findings	from	four	EPSRC	supported	studies	

	
Tuesday	30	May,	UCL	Air	Transportation	Systems	Laboratory	

(www.ATSLab.org)	at	UCL	Energy	Institute,	Woburn	House,	20-24	Tavistock	
Square,	London	WC1H	9HQ	

	
Context	
	
The	symposium	was	convened	to	disseminate	findings	from	4	scoping	studies	
that	had	been	funded	by	EPSRC	to	understand	some	of	the	research	challenges	
involved	in	future	hybrid-electric	or	full	electric	aircraft.	The	six-month	studies	
covered:		

• structures	–	composites	technologies,	jointing	and	certification			
• propulsion	–	tools,	facilities	and	approaches	for	hybrid-electric	power		
• systems	–	HV	aero	power	systems,	boundary	layer	ingestion	motors	

and		superconducting	power	networks			
• environment	and	economics	–	system	level	analysis	of	delivering	a	

future		electric	aircraft	fleet		
	
The	academic	leads	of	the	four	study	area	presented	the	highlights	of	their	
studies	and	managed	break-out	discussions	examining	issues	arising	and	help	to	
develop	ideas	towards	future	research.	A	‘poster	session’	was	available	during	
the	lunch	period	and	breaks.	The	programme	for	the	day	is	at	Appendix	A	and	
the	presentations	and	posters	are	available	to	download	at	
http://www.atslab.org/events/		
	
Welcome	and	Keynote	talks	
	
Welcome	–	Dr	Daniel	Smith,	Senior	Portfolio	Manager	at	EPSRC,	which	had	
supported	the	four	scoping	studies,	opened	the	symposium.	He	welcomed	
attendees	and	urged	full	participation	in	the	event	that	was	designed	to	foster	
the	debate	on	future	research	steps	as	well	as	disseminate	results	from	the	initial	
work.	Professor	David	Price,	Vice-Provost	for	Research	at	UCL	provided	a	
welcome	to	the	university	and	to	the	Air	Transportation	Systems	Laboratory	
which	was	sponsoring	the	symposium.	Technologies	that	bear	upon	electric	
vehicles	and	aviation	were	being	supported	with	a	new	initiative	at	UCL	so	the	
symposium	chimed	with	research	ambitions.		
	
Keynote	Address	–	James	McMicking,	Chief	Strategy	Officer	of	the	Aerospace	
Technology	Institute	provided	an	overview	of	the	ATI,	its	goals	and	strategy	for	
sector	development	during	the	three	timescales	of	‘secure’	(2015	–	2020),	‘	
exploit’	(2020	–	2025)	and	‘position’	(2025	to	2030+).	The	future	propulsion	top-
level	roadmap	is	focused	towards	developing	technologies	for	conventional	
propulsion	More	Electric	Aircraft	(MEA),	turbo-electric	hybrid	propulsion	and	
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then	all	electric	propulsion	over	the	latter	two	of	these	timescales.	Responding	to	
a	question,	James	noted	that	the	ATI	was	interested	to	look	at	technology	
development	in	the	electric	aviation	domain	beyond	civil	commercial	fixed	wing.	
Rotorcraft,	unmanned	systems	and	‘dual	use’	linked	to	military	would	be	within	
scope.	
	
Complementing	the	ATI	technology	viewpoint,	two	presentations	were	given	on	
the	operational	context	by	Heathrow	Airport.	David	Amer,	Airfield	Planning	
Manager	talked	through	the	relationship	between	the	airport’s	Masterplan	and	
the	evolution	of	the	fleet.	New	types	of	aircraft	could	either	be	non-disruptive	
with	little	or	no	additional	cost	to	accommodate	ranging	through	to	highly	costly	
to	accommodate	(circa	£500m)	for	an	aircraft	such	as	the	A380	that	necessitated	
airfield	and	operational	changes.	The	airport	was	talking	with	manufacturers	to	
understand	possible	new	technologies	and	thence	to	think	through	airfield,	
airspace	and	operational	issues	such	as	turn-around	times.	Any	hybrid	or	electric	
aircraft	would	pose	significant	challenges.	The	interests	of	airlines	are	also	key	
given	the	need	to	operate	and	support	new	types	across	networks	worldwide.			
	
Andrew	Chen,	Heathrow	Emissions	and	Environment	Manager,	explained	the	
Heathrow	2.0	initiative	that	will	accelerate	the	shift	towards	a	more	sustainable	
future	for	aviation.		With	a	strong	community	and	local	growth	agenda,	
Heathrow	2.0	will	provide	operational	‘pull’	to	stimulate	new	technologies.	This	
will	fit	with	the	aspiration	to	make	growth	from	the	new	runway	carbon	neutral	
on	route	to	operating	a	zero	carbon	airport.	The	electric	aviation	debate	links	
well	with	the	establishment	of	a	Centre	of	Excellence	for	sustainability	for	
airports	takes	a	longer-term	perspective	on	solutions.	
	
Discussion	centred	around	the	push	towards	carbon	neutrality	for	the	airport	as	
a	whole,	costs	attribution	between	manufacturers	and	airports	linked	to	airport	
infrastructure	development	and	the	point	at	which	airports	became	engaged	in	
the	development	cycle	of	new	technologies.		
	
Dissemination	of	the	findings	of	the	EPSRC	scoping	studies	
	
The	four	scoping	studies	were	introduced	by	two	of	the	technology	leads	at	the	
ATI	following	the	four	ATI	technology	themes:	Aircraft	of	the	future,	
Aerostructures	of	the	future,	Propulsion	of	the	future	and	Smart	connected	and	
more	electric	systems.	
		
Aircraft	of	the	future	
	
Under	this	theme,	Martin	Schofield,		Head	of	Technology	-	Whole	Aircraft	
at	the	ATI,	introduced	the	EPSRC	Environmental	and	economics	study.		The	
various	environmental	challenges	were	noted	as	well	as	how	the	industry	had	
responded	to	reduce	fuel	burn,	emissions	and	noise.	With	large	scale	
technological	advances	being	ever	harder	to	deliver,	the	time	was	right	to	be	
looking	at	new	concepts	that	would	enable	a	step	change	in	environmental	and	
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economic	performance.	Support	of	this	study	gives	a	sense	of	the	modelling	and	
tool	development	needs	and	some	of	the	system	level	hurdles	and	gains	from	a	
move	to	electric	aviation	in	the	future.	
	
Prof	Andreas	Schäfer,	lead	academic	for	the	SAECA	study	(Systems	Aspects	of 
Electric	Commercial	Aircraft),	started	by	highlighting	the	electric	aircraft	
ecosystem	from	technology	to	operations	to	impacts.	Based	upon	an	all-electric	
aircraft	design	by	MIT,	the	noise	implications	were	analysed	by	the	University	of	
Southampton	and	the	operational,	economic,	emissions,	and	network	effects	
were	evaluated	by	UCL.	The	systems-level	implications	from	introducing	a	fleet	
of	narrow	body	full	electric	aircraft	were	evaluated	with	the	UCL-based	Aviation	
Integrated	Model	(AIM).	Future	plans	mainly	relate	to	modelling	hybrid-electric	
aircraft	and	modelling	capability	development.	The	subsequent	discussion	
centred	on	battery	mass	and	energy	density	assumptions	and	also	biofuel	uplift	
expectations	impacting	the	carbon	case	for	electric	aircraft	technology.	
	
Aerostructures	of	the	future	
	
Martin	Schofield	also	introduced	the	presentation	on	this	study	area	noting	that	
in	addition	to	fundamental	architectural	changes	highlighted	in	the	previous	
section,	there	are	more	specific	areas	of	research	in	the	structures	discipline	that	
need	to	be	explored	to	help	to	reduce	the	environmental	impact	through	weight	
reduction	and	aerodynamic	improvements.		There	are	also	significant	
opportunities	to	positively	impact	design,	validation	and	manufacturing	costs	
and	timescales.	
	
Within	the	2016	ATI	Strategy	“Raising	Ambition”,	there	are	a	number	of	early	
stage	research	topics	for	Structures	that	this	EPSRC	study	has	chosen	to	focus	
upon	and	that	is	why	ATI	is	delighted	to	support	this	work.		The	areas	that	have	
been	focused	on	are			

• Complex,	high-performance,	and	low-cost	composites,	
• Enhanced	verification	and	validation	to	reduce	physical	certification	

requirement	
There	is	a	strong	need	to	understand	the	implications	of	these	technology	
developments	upon	the	ability	of	the	supply	chain	to	support	their	ultimate	
exploitation	and	this	will	be	aided	by	the	earliest	possible	understanding	of	how	
these	technologies	are	to	be	developed.	
	
Continuous	movement	towards	the	practical	use	of	more	advanced	materials	
such	as	composites	to	deliver	these	improvements	brings	with	it	a	number	of	
major	challenges.		Although	composites	are	already	being	used,	this	use	has	
highlighted	many	areas	where	further	work	is	necessary.		The	academic	
structures	community	highlighted	improved	toughness	(for	better	impact	
resistance	and	lower	weight)	and	jointing	schemes	(proper	understanding	and	
design	rules	integrity)	and	the	ever	present	challenge	of	the	certification	
environment	for	new	materials	and	in	particular	to	validate	failure	modes	as	
high	priority.	
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It	is	not	just	about	challenges,	it	is	also	about	assessing	the	opportunities	that	
these	materials	bring.			Working	on	our	understanding	of	aero-elastic	behaviour	
will	be	key	as	it	will	allow	new	designs	to	be	tailored	to	deliver	beneficial	
aerodynamic	lift	and	drag	performance	with	high	degrees	of	confidence.		There	is	
also	the	exciting	potential	for	such	materials	to	health	monitor	themselves	and	
where	problems	exist,	self-heal	
	
Prof	Kevin	Potter	of	the	University	of	Bristol	noted	that	the	study	focussed	on	
ATI	stated	priorities	in	the	5,	10	&	15	year	timeframes	for	composite	structures.	
Whilst	the	scoping	study	was	not	specifically	focussed	on	aerostructures	for	
Hybrid-electric	or	Electric	Aircraft,	work	carried	out	is	applicable	to	such	
concepts,	as	these	will	have	more	stringent	weight	targets	for	structural	mass	
than	current	aircraft.	Six	short	projects	were	funded	addressing	a	range	of	the	
medium	to	long	range	targets	and	covering	toughening	strategies,	
multifunctional	composite	aerostructures,	aeroelastic	deflections,	bolted	joint	
behaviour	in	pseudo-ductile	composite	bolted	joints,	supply	chain	development	
roadmapping	and	certification.	Initial	studies	demonstrated	some	of	the	
concepts	that	will	need	to	be	brought	to	fruition	in	support	of	electric	aircraft	
concept	development.	Future	work	would	need	to	develop	understanding	on	
what	materials,	design	and	manufacturing	challenges	cascade	down	from	a	
change	of	energy	storage	and	motive	power	to	identify	the	critical	development	
path	and	a	delivery	roadmap.	Questions	related	to	self-healing	for	composites	
and	attendant	weight	penalties,	prospects	for	radical	designs	and	how	these	
might	have	a	unifying	design/integration	effect	between	airframers	and	engine	
manufacturers.			
	
A	lunchtime	poster	session	included	information	on	all	individual	studies	carried	
out	within	the	scoping	work	with	academics	on	hand	to	answer	questions.	All	
posters	are	available	at	www.atslab.org/events/	
	
Propulsion	of	the	future	
	
Christina	Garcia-Duffy,	Head	of	Technology	Strategy	and	Integration	at	the	ATI	
introduced	the	propulsion	study	theme	on	behalf	of	Mark	Scully,	Head	of	
Systems	and	Propulsion	at	the	ATI.	The	integration	of	a	conventional	gas	turbine	
propulsion	system	onto	the	airframe	demands	great	attention	to	detail,	albeit	
one	that	has	been	continuously	worked	on	for	the	past	70	years.	When	this	
changes	to	a	hybrid	electric	one	then	the	challenges	are	all	new.	It	is	clear	that	
the	interactions	of	the	systems	with	the	propulsor	are	now	very	different	and	
there	is	therefore	the	need	to	understand	new	behaviours	in	the	transient	and	
steady	state.	
	
The	Propulsion	of	the	Future	strategic	theme	within	the	ATI	strategy	highlighted	
a	number	of	early	stage	research	opportunities	in	this	area.	

- Novel	propulsion	and	airframe	integration	approaches	to	enable	newer	
architectures	such	as	distributed	propulsion	



		 FINAL	 	 	 	 V2	19/04/17	

																	 																						 	 	 	
	

- Research	into	electrical	technologies	including	transmission,	control,	
cooling	and	storage	to	facilitate	hybrid	turboelectric	propulsion	

- Research	of	novel	aerothermal	cycles	to	meet	European	ACARE	Flightpath	
2050	environmental	targets.	

	
Prof	Pericles	Pilidis,	Head	of	Propulsion	Engineering	at	Cranfield	University,	
reported	activities	of	the	PERSEUS	study	(Propulsion	Engineering	Revolutionary	
Systems	EPSRC	University	Support)	that	focused	upon	the	research	capability	
and	facilities	required	to	support	a	move	towards	hybrid-electric	propulsion	
(HEP).		PERSEUS	studies	examined	the	structural	aspects	of	UK	research	
resources	needed	to	deliver	HEP	in	the	areas	of	propulsors	and	boundary	layer	
ingestion	(BLI),	mechanical	transmission,	electrical	transmission	and	protection,	
electrical	power	systems,	propulsion	system	control	and	gas	turbine	installation.	
An	underpinning	aim	was	to	explore	the	rationale	for	a	national	aerospace	
research	organization	able	to	coordinate	academic	research	activities	implicit	in	
developing	HEP.	Questioning	focused	upon	the	best	way	to	deliver	effective	
academic	leadership	in	the	propulsion	area.		
	
Smart	connected	and	more	electric	systems	
	
Christina	Garcia-Duffy	also	introduced	the	systems	study	theme	on	behalf	of	
Mark	Scully.	The	potential	benefits	of	hybrid	and/or	all	electric	propulsion	were	
already	noted	within	the	introduction	for	the	Environmental	and	Economics	
study.	The	Smart,	Connected	and	More	Electric	Systems	strategic	theme	within	
the	ATI	strategy	highlighted	a	number	of	early	stage	research	opportunities.	The	
development	of	virtual	and	experimental	hybrid	propulsion	technologies,	their	
integration,	and	their	validation	are	key	deliverables	for	the	successful	
introduction	of	hybrid	and	all	electric	platform	solutions	into	the	market.	
	
Many	different	architectures	need	exploitation	to	enable	design	decisions	to	be	
made	on	the	most	appropriate	configurations	to	be	employed.	Work	already	
done	points	to	medium	term	solutions	within	the	hybrid	electric	architecture,	
which	allow	a	breathing	space	for	battery	and	motor	technologies	to	be	
developed	to	allow	commercially	viable	civil	transport	aircraft	to	be	created.	
A	number	of	fundamental	areas	of	research	still	need	to	be	looked	at	to	improve	
the	potential	of	the	hybrid	electric	architecture	from	a	systems	perspective.	
These	include	increased	voltages	and	superconducting	power	networks.	
Even	with	these	capabilities,	there	is	the	additional	question	of	aircraft	
architectures	that	can	take	best	advantage	of	the	freedoms	that	hybrid	electric	
propulsion	systems	offer.	One	that	is	currently	receiving	much	attention	is	
Boundary	Layer	Ingestion	or	BLI.	BLI	may	be	able	to	reduce	aircraft	fuel	burn	
through	allowing	the	propulsion	system	to	interact	with	well-developed	
boundary	layers	such	as	on	the	rear	fuselage.	Much	needs	to	be	done	to	validate	
the	idea.	A	possible	area	of	further	discussion	is	how	do	we	understand	the	
commercial	viability	of	BLI	systems	in	a	fast	and	cost	effective	way.		
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Dr	Peter	Malkin,	Strategic	Research	Adviser	to	the	School	of	Electrical	and	
Electronic	Engineering,	University	of	Newcastle	presented	the	Advanced	Systems	
theme	study.	The	selected	study	areas	were	HV	aero	power	systems,	BLI	motors,	
BLI	aircraft	and	superconducting	power	networks.	Current	knowledge	was	
examined	and	high	level	research	technology	roadmaps	were	defined	for	each	
area.	Long-term	goals	were	defined	accordingly	against	a	backdrop	of	a	number	
of	HEP	concepts	that	might	be	envisaged	over	the	next	25	years.	The	study	
defined	a	number	of	low	TRL	preliminary	programmes	that	could	help	to	secure	
UK	academic	leadership	in	areas	where	international	research	was	advancing	
quickly.	Discussion	explored	what	the	operating	temperatures	might	be	
contemplated	for	superconducting	materials.		
	
Break-out	sessions	and	feedback	
	
Each	of	the	study	group	leads	hosted	a	break-out	session	that	gathered	feedback	
on	the	studies	and	ideas	on	the	future	direction	of	research.	
	
Break-out	session	on	economics	and	the	environment	
	
This	session	started	by	looking	at	the	multiple	key	requirements	for	introducing	
electric	aircraft	that	need	to	be	addressed.		Among	those,	and	most	importantly,	
battery	energy	and	power	density	will	need	to	be	sufficiently	high	and	their	costs	
appropriately	low.		These	requirements	are	paired	with	the	need	for	HTS	motors.		
Cost	concerns	are	not	only	directly	related	to	electric	aircraft	technology,	but	
also	arise	from	operating	a	mixed	aircraft	fleet	(consisting	of	jet	fuel	and	battery	
electric	aircraft),	requiring	different	crew	training,	maintenance,	airport	gates,	
etc.	Concerns	were	also	raised	over	the	ability	of	range-limited	electric	aircraft	to	
replicate	current	narrowbody	scheduling,	which	often	requires	a	mix	of	short-	
and	longer-haul	segments.		
	
In	addition,	airports	will	need	to	provide	the	enabling	charging	infrastructure	
across	a	sufficiently	large	number	of	airports	within	an	airline’s	network.		In	case	
of	battery	swaps,	the	performance	needs	to	be	assured	to	be	homogenous	across	
batteries.	Also,	(the	perception	of)	safety	concerns	will	need	to	be	addressed.		
Finally,	the	battery	logistics	for	transitioning	to	battery	electric	aircraft	need	to	
be	examined,	given	that	charging	infrastructure	will	only	be	available	at	a	limited	
number	of	airports	and	will	be	expensive	to	install	at	remote	airports.			
	
Higher	battery	energy	densities	bear	multiple	benefits.		They	will	lead	to	
increased	aircraft	range	and	mitigate	concerns	over	range	reserves	and	potential	
economic	losses	due	to	limited	reserves	and	the	associated	loss	of	operational	
flexibility.		In	addition,	higher	battery	energy	densities	will	mitigate	the	risk	
associated	with	aircraft	being	stranded	at	airports	without	charging	
infrastructure	after	diversions,	allow	for	shorter	take-off	distances	enabling	the	
use	of	more	airports,	reduce	take-off	and	landing	noise	due	to	the	lower	aircraft	
weight	compared	to	lower	battery	energy	density	aircraft.	
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These	concerns	lead	many	research	needs,	of	which	the	following	were	identified	
to	be	among	the	most	important:		
	

• Increase	battery	energy	and	power	density	while	keeping	costs	
manageable	

• Better	understand	viable	airline	business	models	that	enable	the	
introduction	of	electric	aircraft	

• Better	understand	the	logistics	of	transitioning	to	battery	electric	aircraft.		
Are	hybrid	electric	aircraft	absolutely	necessary?	

• Better	understand	the	perception	of	electric	aircraft	noise		
	
Break-out	session	on	aerostructural	implications	
	
The	 discussions	 largely	 revolved	 around	 an	 attempt	 to	 understand	 the	 impact	
that	 a	 move	 to	 hybrid-electric	 and	 electric	 aircraft	 would	 have	 on	 the	 design	
envelope	for	the	aerostructures.	Based	on	earlier	presentations	from	the	project	
partners	 there	 seemed	 to	 be	 two	 major	 technical	 issues	 that	 will	 have	 to	 be	
contended	with	and	two	additional	challenges	that	have	to	be	met	to	achieve	the	
longer-term	targets.	

Technical	issues.	
1.	Mass	targets	will	be	very	tight	to	enable	all-electric	aircraft	to	be	developed.																																			
The	discussions	started	by	looking	at	the	mass	breakdown	of	a	current	A320	size	
aircraft	and	comparing	the	mass	of	various	systems	as	they	are	and	as	they	are	
likely	 to	 become,	 based	 on	 a	 fixed	 all-up	 mass	 and	 payload.	 Whilst	 these	
discussions	were	limited	by	the	immediately	available	data	and	need	checking	it	
was	concluded	that	 the	community	would	probably	have	to	 target	a	50%	mass	
reduction	 to	 enable	 the	move	 to	 all-electric	 aircraft,	 assuming	 that	 the	 current	
best	case	projected	battery	energy	density	assumptions	prove	to	be	achievable,	
and	perhaps	a	20%	mass	reduction	to	enable	Hybrid-electric	aircraft.			
	
	
Some	mass	reductions	may	be	achievable	by	changes	 to	 the	design	approaches	
used	but	without	 a	packaging	 study	 that	 considers	how	 the	batteries	 (and	any	
additional	 systems	 such	 as	 thermal	 management)	 are	 to	 be	 fitted	 into	 the	
airframe	it	is	not	really	possible	to	estimate	these	benefits,	and	it	is	possible	that	
it	may	prove	more	difficult	to	package	batteries	than	liquid	fuel.	Equally	it	will	be	
possible	 to	 achieve	 some	 mass	 savings	 by	 adopting	 more	 optimised	 designs	
where	each	element	of	 the	structure	carries	 the	same	reserve	 factor,	but	again	
this	is	hard	to	quantify.			
	
If	 a	 similar	 structure	 to	 current	 aircraft	 is	 assumed,	 a	 50%	 mass	 reduction	
essentially	 equates	 to	 a	 doubling	 of	 the	 typical	 design	 allowable	 strain	 from	
about	 3000µε	 to	 about	 6000µε.	 The	 current	 design	 allowable	 strain	 is	 very	
largely	driven	by	the	no	damage	propagation	requirement	used	in	the	design	and	
certification	 of	 current	 composite	 aerostructures.	 At	 the	 current	 design	
allowable	 strains	 we	 can	 be	 confident	 that	 minor	 in-service	 damages	 or	
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microstructural	anomalies	will	not	propagate	to	failure.	This	has	tended	to	lead	
to	 the	 assumption	 that	 composite	 structures	 are	 not	 subject	 to	 fatigue	
degradation.	 If	 the	design	allowable	 strain	with	 current	 composite	materials	 is	
significantly	increased,	there	are	a	number	of	fatigue	degradation	processes	that	
will	start	to	be	experienced,	even	in	the	absence	of	in-service	damage.		
	
The	 development	 target	 for	 composite	 structures	 for	 hybrid-electric	 or	 all-
electric	 aircraft	 therefore	 has	 to	 focus	 on	 developing	 materials	 and	
manufacturing	approaches	 that	have	greater	 resistance	 to	damage	propagation	
and	 are	 insensitive	 to	 defects	 and	 minor	 in-service	 damages.	 Development	
routes	 to	 such	 materials	 are	 available,	 but	 reconsideration	 of	 the	 design	 and	
certification	 assumptions	will	 also	 be	 needed	 to	 enable	 their	 use.	 The	 current	
build	rate	of	single	aisle	aircraft	is	about	60/month	for	both	Boeing	and	Airbus.	
This	 is	 likely	 to	 increase	with	 time,	 so	whatever	materials	 and	manufacturing	
approaches	are	adopted	have	to	be	capable	of	delivering	at	those	rates.	No	large	
structure	 composite	 manufacturing	 approaches	 are	 currently	 fully	 capable	 of	
delivering	at	the	required	rate,	even	at	current	mass	levels.	Lastly,	as	composites	
structures	become	more	complex	to	achieve	minimum	mass	there	is	a	tendency	
for	the	costs	of	manufacture	to	increase	by	a	greater	factor	than	the	cost	of	the	
input	materials	falls	due	to	the	decreased	mass.	The	new	materials	and	processes	
must	be	able	 to	deliver	both	significantly	 reduced	mass	cost-effectively	at	very	
high	 rates,	 this	 is	 an	 extremely	 challenging	 set	 of	 targets	 and	 will	 demand	
extensive	research	and	technology	development.		
	
It	should	be	noted	that	mass	savings	 from	the	use	of	advanced	materials	 is	not	
limited	 to	 the	 aerostructures	 and	 that	 structural	 applications	 of	 composites	 in	
the	 electric	 motors	 and	 other	 aspects	 of	 the	 electric	 drivetrain	 and	 battery	
support	and	protection	structures	could	contribute.		
	
2.	Changes	in	the	basic	aircraft	design	from	tube	and	wings	to	blended	wing	body	
There	 seemed	 to	 be	 an	 assumption	 that	 hybrid-electric	 or	 all-electric	 aircraft	
would	use	different	architectures	to	those	used	currently,	specifically	the	use	of	
blended	wing	body	concepts.	It	is	not	entirely	clear	why	this	should	be	so	apart	
from	for	some	concepts	using	a	larger	number	of	small	electric	motors	along	the	
rear	 of	 the	 fuselage.	 From	 a	 structures	 viewpoint	 this	 will	 present	 both	
opportunities	and	challenges	as	 this	 is	not	a	 form	of	structure	 that	 is	currently	
well	understood	with	obvious	issues	such	as	the	inefficiency	of	reacting	internal	
pressure	 in	 non-circular	 vessels.	 There	 may	 also	 be	 more	 opportunities	 for	
topological	 optimisation	 and	 the	 use	 of	 non-standard	 lay-ups	 or	 using	 steered	
fibre	directions	to	match	the	fibre	paths	to	the	load	paths.		
	
The	development	target	has	to	be	to	understand	how	to	design,	manufacture	and	
certify	radically	different	structural	architectures	from	those	currently	used.	One	
specific	challenge	will	be	that	the	difficulties	of	manufacture	will	relate	more	or	
less	 entirely	 to	 the	 scale	 of	 structures	 required.	 It	 would	 be	 relatively	
straightforward	to	manufacture	a	sub-scale	unpressurised	prototype	as	a	flying	
testbed	 to	 examine	 systems	 issues,	 but	 would	 not	 address	 the	 issues	 of	
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manufacture	at	 full	 scale.	A	significant	amount	of	work	would	need	 to	be	done	
even	to	fully	understand	the	challenges	involved.	
	
Additional	challenges	
1. Certification	

There	will	inevitably	be	a	very	large	number	of	issues	that	have	to	be	dealt	with	
to	 enable	 hybrid-electric	 or	 all-electric	 aircraft	 to	 be	 certified	 and	 taken	 into	
service.	By	no	means	will	all	of	these	relate	to	the	structural	elements	but	it	was	
felt	 that	 the	 process	 of	 engaging	 with	 the	 airworthiness	 and	 certification	
communities	should	not	be	delayed	as	we	need	to	identify	any	factors	that	might	
impact	on	the	system	level	design	of	the	aircraft	as	early	as	possible.	

2. Skills	

The	 discussions	 also	 considered	 a	 possible	 timeline	 to	 achieve	 a	 commercial	
electric	 aircraft.	 The	 initial	 view	 was	 that	 the	 level	 of	 the	 challenge	 probably	
dictates	 a	 20year	programme	 to	 give	 a	 1st	 flight	 in	2037.	We	 thought	 that	 half	
that	 timescale	 would	 be	 taken	 up	 with	 developing	 the	 fundamental	
understanding	 and	 technology	 and	 transferring	 it	 into	 the	 High	 Value	
Manufacturing	Catapult	environment	at	TRL4,	then	an	acceleration	through	the	
higher	 TRLs	 to	 flight	 trials,	 followed	 by	 the	 development	 of	 a	 commercial	
product	offering.	In	the	aerostructures	domain	there	is	a	need	for	developments	
in	 materials,	 manufacturing	 methods	 and	 manufacturing	 equipment,	
architectures,	 design,	 optimisation,	 certification	 and	 structural	 testing	 at	 a	
variety	of	scales.	To	move	towards	hybrid-electric	or	all-electric	aircraft	needs	a	
supply	chain	to	be	developed	in	all	aspects	of	the	technology.	However,	there	are	
very	significant	current	skills	shortages	in	the	composites	area	due	to	the	strong	
growth	 in	 the	 use	 of	 composites	 exceeding	 the	 capacity	 to	 train	 and	 develop	
enough	composites	specialists.	As	much	attention	will	need	to	be	applied	to	the	
skills	 development	 agenda	 as	 the	 technology	 development	 targets	 if	 a	 smooth	
transition	 to	 electric	 power	 is	 to	 be	 achieved	 with	 the	 UK	 at	 the	 centre	 of	
developments.	
	
Break-out	session	on	Propulsion	
	
Several	specific	themes	emerged	in	this	session	as	follows:	
	
1.		Range	of	air	vehicles	
	
There	was	a	view	that	the	air	vehicles	examined	were	predominantly	large	or	
medium	sized	airliners.		A	question	arose:	what	could	PERSEUS	do	for	other	
vehicles	such	as	rotorcraft?	It	was	noted	that	rotorcraft	were	included	in	the	
portfolio	of	ATI	objectives.	The	PERSEUS	models	and	principles	developed	were	
partially	relevant	to	rotorcraft.		This	could	and	should	of	course	be	enhanced.		
Cranfield’s	large	modelling	contribution	to	the	Clean	Sky	Technology	Evaluator	
was	mentioned	as	a	relevant	example.		This	focused	on	rotorcraft	and	was	as	a	
possible	core	of	a	UK	rotorcraft	TERA	(Technoeconomic	Environmental	Risk	
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Analysis).		Key	ingredients	would	be	the	participation	of	players	in	the	rotorcraft	
sector,	academia	and	appropriate	funding	support.	
	
2.		Knowledge	sharing	
	
The	comment	was	made	that	there	is	much	information	and	roadmaps	that	
industry	already	has	in	place	that	had	not	been	included	in	the	deliberations	of	
PERSEUS	through	the	Institutional	Support	Projects.		This	was	agreed	and	was	
explained	as	being	partly	due	to	the	short	duration	of	the	project	and	thus	a	
comprehensive	search	was	not	possible.		Also	many	of	these	roadmaps	and	also	
technical	knowledge	could	not	be	shared	for	confidentiality	reasons.	
Nevertheless	a	UK	shared	‘knowledge	bank’	would	be	very	beneficial	and	could	
reduce	the	risk	of	duplication	when	very	scarce	resources	are	available	to	
explore	a	game	changing	technology.		If	future	projects	are	funded	such	a	
‘knowledge	bank’	could	be	one	of	the	outcomes.	
	
3.		Modelling	for	policy	
	
There	was	a	large	amount	of	modelling	that	different	organisations,	including	
government	bodies,	undertook	for	evaluating	national	and	international	
scenarios	to	examine	environmental,	economic	and	policy	objectives.		Again	the	
TERA	was	mentioned	as	an	example	of	such	modelling.		The	collaborative	
development	of	the	TERA	across	several	civil	aviation	EU	projects	was	described	
and	how	over	time	the	TERA	was	developed,	beyond	civil	aviation,	to	encompass	
many	sectors	such	as	merchant	marine,	power	generation,	rotorcraft	and	oil	and	
gas	applications.		A	key	attribute	of	the	TERA	is	that	it	encompasses	
comprehensive	systems	engineering	analysis	at	the	two	essential	levels.		The	
first	is	the	top	level	of	the	whole	system	and	the	second	is	necessary	detailed	
representation	of	the	individual	component	level.	Within	PERSEUS	the	TERA	is	
seen	as	the	subject	of	important	collaborative	developments	to	allow	it	to	evolve	
into	a	key	element	of	a	national	toolkit	and	the	means	of	a	detailed	and	
comprehensive	evaluation	of	TRL1	and	2.	
	
4.		Continuing	relevance	of	UK	aerospace	contribution	
	
Given	that	the	emergence	of	a	British	aircraft	manufacturer	was	unlikely,	the	
question	arose	as	to	how	the	UK	would	continue	to	be	a	large	and	influential	
player	in	the	international	aerospace	sector.		The	consensus	was	that	this	was	
possible	if	the	UK	made	important	investments	in	high	value	systems	that	had	a	
profound	influence	in	the	design	and	engineering	of	the	vehicle	and	air	transport	
infrastructure.		Propulsion	is	and	will	continue	to	be	such	a	contribution.		Hybrid	
Electric	Propulsion	offers	to	the	UK,	simultaneously,	an	opportunity	and	a	threat.		
The	UK	has	a	complete	and	partially	cohesive	value	chain	encompassing	
manufacturers,	the	component	producers,	government	bodies	and	academia.		
With	improved	cohesiveness,	this	collection	of	organisations	is	very	well	placed	
to	succeed	if	large	and	timely	investments	are	made	to	support	a	global	high	
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value	added	economic	sector	that	is	growing	much	more	quickly	than	the	UK	
economy.	
	
Break-out	session	on	systems	
	
The	session	on	systems	identified	question	and	issues	and	offered	initial	views	
on	electrical	systems	relevant	to	electric	aircraft	technology	as	below:	
		
1.		How	do	we	fix	the	right	voltage	level	for	aircraft	systems?						
	
The	optimum	voltage	is	not	an	easy	thing	to	calculate	as	it	depends	on	many	
factors.	Firstly	it	is	the	electrical	field	strength	not	the	voltage	that	impacts	
breakdown	and	we	must	also	look	at	steady	–state	and	transient	behaviour.	In	
addition	we	must	balance	the	cable	weights	against	the	weight	of	extra	
insulation	that	may	be	required.		However	early	work	suggests	we	will	be	in	the	
range	of	1-3KV.	Insulation	ageing	is	also	important	to	consider.	
	
2.		Why	can’t	we	use	Formula	1	or	Formula	E	level	of	electric	motor	power	density?	
Quoted	at	30Kw/Kg.																
	
Colleagues	who	work	in	the	development	of	electrical	motors	for	motor	racing	
applications	pointed	out	that	our	claimed	levels	of	motor	power-density	seemed	
very	modest	and	they	could	achieve	more	than	twice	the	levels	we	are	targeting.	
However	we	pointed	out	that	we	are	looking	at	very	different	set	of	operating	
requirements	including	lifetimes	and	reliability	requirements	in	Aerospace.	
Nevertheless	some	further	discussions	might	be	possible	–despite	the	
commercial	confidentiality	required	in	these	areas.	
	
3.		Need	for	demonstrators	and	test	beds	to	prove	this	technology.																																															
	
The	requirements	for	validation	and	demonstration	are	clearly	an	important	
topic	here	and	provoked	much	discussion.	It	was	pointed	out	that	others	were	
already	engaged	in	building	demonstrators	both	ground	based	and	flying.	
However	in	the	UK	with	more	limited	budgets	we	must	be	careful	with	our	
choice	of	demonstrators.	These	would	no	longer	resemble	the	traditional	“iron-
bird”	(or	even	“copper-bird”)	systems	we	are	used	to	as	these	would	be	needed	
as	a	design	tool	all	the	way	through	the	design	process.	The	idea	of	a	
geographically	distributed	system	was	raised	and	generally	this	seems	a	good	
way	of	approaching	this	but	is	ultimately	limited	in	the	validation	of	interactions	
it	can	show	particularly	the	high-speed	–dynamic	reactions	that	are	of	most	
interest.	
	
4.		How	much	validation	of	models	is	needed?																																																																																								
	
This	is	clearly	related	to	the	previous	topic	but	arguing	that	as	we	progress	we	
can	rely	on	model	outputs	with	much	reduced	validation.	Whilst	this	is	certainly	
true	however	in	some	areas	we	are	looking	at	new	phenomena	that	do	not	have	
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the	wealth	of	experience	with	more	conventional	technologies.	Hence	it	was	
argued	that	validation	would	be	crucial	here.	
	
5.		How	scalable	is	this	technology?																																																																																														
	
Scalability	is	important	in	this	field	as	it	is	not	linear	and	indeed	difficult	to	
define	in	some	areas.	This	is	particularly	true	for	the	electrical	systems	and	is	an	
area	currently	being	investigated.	
	
6.		Is	this	a	new	market	opportunity	or	a	threat	for	existing	players?																																														
	
There	was	much	discussion	on	this	topic.	The	general	view	is	that	with	such	a	
radical	change	of	technology	this	is	a	clear	threat	to	the	market	leaders.	Indeed	
we	are	already	seeing	new	players	trying	to	enter	the	market	some	being	SMEs	
and	others	larger	companies	not	currently	active	in	the	aerospace	market.	
	
7.		Could	existing	aircraft	be	modified	for	BLI	as	a	commercial	business?																																											
	
Whilst	this	is	not	a	simple	“retrofit”	technology	due	to	the	electrical	power	
required	it	is	possible	to	imagine	seeing	a	new	aircraft	design	that	is	reasonably	
conventional	but	with	a	BLI	option.	This	could	create	new	business	models	for	
example.	
	
Panel	session	discussion	
	
An	open	discussions	session	took	place	with	the	study	leads,	EPSRC,	the	ATI	
speakers	and	with	the	addition	of	Paul	Harris,	Global	Chief	of	System	Design	at	
Rolls-Royce.	At	the	operation	level,	it	was	clear	that	the	advent	of	electric	aircraft	
would	be	accompanies	by	significant	upheaval	for	airports,	the	prospect	of	new	
business	models	and	practical	global	system	support	hurdles	associated	with	
mixed	fleet	operations.	Diversions	were	identified	as	an	additional	challenge	for	
battery	density,	especially	as	range	projections	were	currently	low	relative	to	
current	aircraft	types.	There	were	major	issues	linked	to	developing	new	
materials	that	would	enable	an	estimated	structural	mass	of	a	full	electric	
aircraft	of	roughly	half	that	of	an	equivalent	turbo-jet	aircraft.	The	pressures	
would	be	less	for	a	hybrid-electric	aircraft	(perhaps	20%	reduction)	but	
nonetheless	still	would	still	require	major	advances	in	materials	science	and	this	
take	some	10	years	of	research	development	work.		
	
Given	the	relatively	low	base	from	which	the	community	was	starting,	a	basic	
requirement	was	to	record	what	the	community	knows	and	how	that	shapes	the	
research	challenges.	This	would	need	to	be	a	joint	endeavour	between	the	
industry	and	the	research	community.	At	the	UK	strategic	level,	it	would	
necessary	to	determine	fairly	early	whether	the	UK	would	seek	to	be	a	major	
player	as	a	developer	of	electric	aircraft	technology	or	whether	its	companies	
would	solely	seek	to	be	suppliers.	Model	development	and	refinement	was	
another	significant	preparatory	task	and	that	was	linked	to	the	stage	at	which	
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demonstrators	were	needed	and	form	that	these	might	take.	Affordability	was	
another	concern	relative	to	current	technology	and	whether	electric	aircraft	
could	be	made	into	an	attractive	economic	proposition.		
	
The	development	of	electric	aircraft	technology	also	raised	the	need	for	new	
skills	development	that	would	currently	pose	a	significant	barrier.	Electrification	
across	other	industries	was	likely	to	boost	the	pool	of	relevant	talent	but	clarity	
on	skills	needs	would	be	needed	quickly	to	ensure	availability	at	the	right	time.	
In	the	same	way,	it	would	be	necessary	to	develop	a	plans	and	roadmaps	for	the	
technology,	infrastructure	and	operational	aspects	of	the	electric	aviation	
challenge	to	help	industry	and	funders	to	set	the	right	pace	and	direction.		
	
EPSRC	and	ATI	take-aways	
	
Good	links	had	been	developed	between	EPSRC	and	the	ATI	through	the	scoping	
studies	that	had	started	to	shed	light	on	the	system	nature	of	moving	to	this	new	
technology.	This	was	a	broad	challenge,	as	it	would	depend	upon	new	materials,	
technologies,	process,	manufacturing	and	skills.	Battery	technology	was	
identified	as	a	particularly	challenging	area	with	the	need	to	achieve	a	step-
change	in	technology	level.	The	rapid	development	of	digital	and	high	value	
design	was	expected	to	significantly	help	the	response	to	the	challenge	and	it	
was	recognised	that	a	number	of	the	areas	to	be	addressed	were	covered	within	
the	scope	of	the	Government’s	plans	for	the	Industrial	Strategy	Challenge	Fund	
(ISCF).		A	dialogue	with	various	arms	of	government	would	be	needed,	new	
national	toolkits,	the	linking	of	labs,	the	establishment	of	virtual	demonstrators	
and	a	skills	programme.		
	
In	closing	the	symposium,	gratitude	was	expressed	to	UCL	for	hosting	the	event,	
to	the	study	teams	for	the	good	scoping	work	and	to	EPSRC	and	the	ATI	for	the	
funding	support	and	strategic	guidance.	It	was	agreed	that	a	strong	community	
had	been	formed	and	that	this	should	be	developed	as	future	stages	of	work	
were	advanced.		Electric	aviation	certainly	amounted	to	a	Grand	Challenge	that	
the	study	leads	would	start	to	shape	with	EPSRC	and	the	ATI.	 	
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Hybrid-electric	and	Electric	Aircraft	–	researching	the	challenges	to	
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Programme	
	
Time	 Content	 Who	
09.30	 Registration	and	coffee	 	
10.00	 Welcome	and	introduction	 Dr	Daniel	Smith,	EPSRC		

Prof	David	Price,	UCL	
10.20	 Keynote	address	–Aerospace	technology	

Institute,	Chief	Strategy	Officer	
James	McMicking,	ATI	

10.40	 Future	aircraft	concepts:	an	airport’s	
view	

David	Amer	–	Heathrow	
Airport	Ltd	

11.00	 Break	 	
11.20	 EPSRC	Environmental	and	economics	

study	
(ATI	introduction	and	20	presentation)	

Martin	Schofield,	ATI			
Prof	Andreas	Schafer,	UCL	

11.45	 EPSRC	Structures	study	(ATI	
introduction	and	20	presentation)	

Martin	Schofield,	ATI			
Prof	Kevin	Potter,	Bristol	

12.10	 Q&A	and	panel	discussion		 Study	leads	and	ATI	
technology	leads	

12.20	 Lunch	and	poster	session	 Academics	with	posters	
13.30	 EPSRC	Propulsion	study	(ATI	

introduction	and	20	presentation)	
Christina	Garcia-Duffy,	ATI		
Prof	Pericles	Pilidis,	Cranfield	

13.55	 EPSRC	Systems	study	(ATI	introduction	
and	20	presentation)	

Christina	Garcia-Duffy,	ATI		
Prof	Peter,	Malkin,	Newcastle	

14.20	 Q&A	and	panel	discussion	 Study	leads	and	ATI	
technology	leads	

14.30	 Break	–	gather	a	drink	then	straight	into		 	
14.40	 Break-out	discussions	for	each	of	the	

study	areas	–	focus	on	future	work	
needs	and	priorities	

	

15.45	 Panel	session	feedback	and	discussion	 Study	leads	and	ATI	
technology	leads	

16.50	 EPSRC	and	ATI	–	take-aways	 EPSRC		&	ATI	
17.00		 Close	 	
	


