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Views
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• Need	for	high	intensity	in	the	future:	
a	global	view,	the	energy	issue

• Present	Trends	for	the	future	



News	from	USA
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Source	“The	White	House”

US	seems	to	keep	oil	consumption
constant,	but	GPD	continue	to	grow.	
à Oil	consumption	will	eventually	

grow and	CO2	emission



Trends	&	Needs
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DOE/EIA-0484(2016)

OECD	includes	all	members	of	the	organization	as	of	January	1,	2016,	throughout	all	the	time	series	included	in	this	report.	OECD	member	countries	as	of	January	1,	2016,	were	
Austria,	Australia,	Belgium,	Canada,	Chile,	Czech	Republic,	Denmark,	Estonia,	Finland,	France,	Germany,	Greece,	Hungary,	Iceland,	Ireland,	Israel,	Italy,	Japan,	Luxembourg,	
Mexico,	the	Netherlands,	New	Zealand,	Norway,	Poland,	Portugal,	Slovakia,	Slovenia,	South	Korea,	Spain,	Sweden,	Switzerland,	Turkey,	the	United	Kingdom,	and	the	United	
States.	

U.S.	Information	Administration		(EIA)	

+40%



Energy	use:	projections
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Source	IAEA	2006



Development	= Energy	Availability
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Source	IAEA	2006



Climate	change

07.12.16 G.	Franchetti 7

Source	NASA



CO2 increases
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wikipedia



Trends	&	Needs
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Source
DOE/EIA-0484(2016)



The	Energy	Sustainability	Dilemma	
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“A	sustainable	energy	future	is	not	out	of	reach	but	will	be	
hugely	challenging	– the	U.S.	and	Canada	have	no	real	energy	
strategy	– this	must	be	a	high	priority	for	the	future.	“

Sustainability



CO2	emission
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Source	IAEA	2006



Nuclear	plants
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Source	IAEA	2006



Industry	moves	independently

07.12.16 G.	Franchetti 13

OCT 13, 2016 Forbes	Magazine



No	global	energy	strategy
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Science	should	explore	options	for	solutions	
to	the	energy	sustainability	dilemma

Beyond	governments
policies For	science	advanceFor	advancement	

of	society

The	difficulties	of	too	long	term	plans:
do	not	get	political	impact	in	the	present	



Accelerators	for	future
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MYRRHA
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Sustainable fission energy: demonstrate
the physics and technology of an
Accelerator Driven System (ADS) for
transmuting long-lived radioactive waste

Sustainable energy: development of fast
spectrum reactor and fusion technology
Sustainable nuclear energy development
requires the gradual transition of the
current thermal spectrum reactor park to a
fast spectrum reactor park. In order to
reach this objective, innovative fuels and
materials need to be tested and qualified
for the future GEN IV fast reactor concepts.
Also for the development of fusion energy
the challenges lay to a large extent in the
area of materials. The development of
materials and fuels can only be performed
in an irradiation facility where fully
controlled and representative
experimental conditions can be obtained.

http://myrrha.sckcen.be/en



Past	ideas	for	energy	production:	
HIDIF
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C.	Prior	1998

Total	particles	
2x1015

Central	ion	Bi+1

Deuterium-tritium	
target
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Grant	Logan
2011
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Grant	Logan
2011
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Grant	Logan	2011
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Very	
Advanced
Concepts



FFAG	start	in	1956	...
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FFAG	- recent
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EMMA
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S.Machida et	al.	



Special	magnets
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Advanced	optics	in	dynamics

S.	Nagaitsev,	V.	Shiltzev,	S.	Danilov,	et	al.
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Taming	intensity
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Electron	lenses	studies	are	on	the	way,	but	it	has	still	to	be	proved	that	
in	practice	they	works

Flexible	machines	to	store	large	emittance	beams	-->	FFAG

New	machines	that	exhibits	integrable	optics,	or	quasi-integrable	optics

Challenges

Technical	à Creation	of	special	magnetic	or	electric	field	configuration

Conceptual	à new	theoretical	models	to	create	nonlinear	lattices	integrable	
especially:	creating	local	quasi-integrable	non-linear	kicks	

Fast,		ultra-fast	feed-back	systems	for	instabilities	suppression

Accelerator	with	special	materials	that	mitigate	impedances



Trend	&	plans
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Constr. Physics LEP

Construction PhysicsProtoDesign LHC

Construction PhysicsDesign HL-LHC

PhysicsConstructionProto

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

20	years

DesignFCC

CDR by end 2018 for next strategy update

IOTA	studies

FFAG

Energy
Frontier

“New	Intensity
frontier”

MURA	1957

F.	Zimmermann



Advent	of	new	synergies	?
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