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Innova;ons	  for	  an	  advanced	  world	  

1.	  LASERS	  

1958	  First	  Op7cal	  Maser	  
1973	  First	  barcode	  scanner	  
1985	  First	  CD/DVD	  

•  Today	  the	  laser	  industry	  is	  worth	  $6bn	  



“What	  industrialist,	  looking	  for	  new	  cuLng	  and	  
welding	  devices,	  or	  what	  doctor,	  wan7ng	  a	  new	  
surgical	  tool	  as	  the	  laser	  has	  turned	  out	  to	  be,	  
would	  have	  urged	  the	  study	  of	  microwave	  
spectroscopy…quantum	  electronics	  ...	  a	  textbook	  
example	  of	  widely	  applicable	  technology	  growing	  
unexpectedly	  out	  of	  basic	  research”	  

C	  H	  Townes,	  How	  the	  laser	  happened	  (OUP,1999)	  



Innova;ons	  for	  an	  advanced	  world	  

2.	  LCDs	  

1936	  First	  patent	  (Marconi	  Wireless)	  
1968	  First	  useful	  display	  

•  Over	  80%	  of	  200million	  TVs	  sold	  are	  LCDs	  
•  Current	  global	  market	  is	  over	  100bn	  
•  $265bn	  predicted	  savings	  in	  USA	  from	  LED	  
ligh7ng	  by	  2027	  



Innova;ons	  for	  an	  advanced	  world	  

3.	  MRI	  Scanners	  

1945	  First	  NMR	  measurements	  

1980	  First	  MRI	  image	  of	  a	  pa7ent	  

•  Current	  global	  MRI	  market	  $5.5bn	  
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4.	  OPTICAL	  FIBRES	  

1928	  First	  patent	  –	  John	  Logie	  Baird	  
1988	  First	  transatlan7c	  op7cal	  fibre	  cable	  

•  Today	  the	  fibre	  op7c	  industry	  is	  worth	  $31bn	  
•  1.35	  billion	  km	  now	  in	  service	  across	  the	  world	  
•  40%	  of	  bowel	  cancer	  opera7ons	  are	  now	  
performed	  via	  keyhole	  surgery	  



H-‐Tc	  :	  the	  world	  awaits	  

•  1986	  discovery	  of	  H-‐Tc	  (IBM-‐Muller	  and	  
Bednorz,	  Nobel	  prize	  1987)	  

“Applica7ons	  of	  H-‐Tc	  have	  been	  limited”	  
“They	  are	  fragile	  and	  briile”	  
“	  the	  main	  applica7on	  is	  for	  MRI	  magnets”	  



Graphene	  –	  the	  future?	  

•  2004	  discovery	  (Greim	  and	  Novoselov,	  Nobel	  
prize	  2010)	  

•  2012	  EU	  allocates	  1bn	  euro	  for	  research	  
•  2013	  Wikipedia	  lists	  22	  possible	  applica7ons	  

	  	  	  	  and	  yet….	  



Graphene	  Stock	  Inves;ng:	  What	  the	  Pros	  Think	  	  

“Proceed	  with	  cau;on”	  
Tom	  Konrad,	  JPS	  Green	  Economy	  Fund	  

“Graphene	  is	  a	  complicated	  technology	  to	  deliver.	  The	  
race	  to	  find	  value	  is	  more	  a	  marathon	  than	  a	  sprint”	  
Quenton	  Tannok,	  Chairman	  Cambridge	  Intellectual	  Property	  

“Widespread	  commercial	  viability	  of	  [graphene’s]	  
commercial	  proper;es	  may	  s;ll	  be	  further	  off	  than	  
many	  investors	  seem	  to	  be	  hoping”	  
Frank	  Morris,	  Manager	  Ephipany	  Global	  Ecologic	  Mutual	  Fund	  



The	  Poli7cal	  Problem	  

•  Poli7cians	  do	  not	  think	  in	  terms	  of	  several	  
decades	  ahead	  (climate	  change	  problem?)	  –	  
they	  want	  to	  be	  re-‐elected!	  

•  Poli7cians	  like	  the	  money	  but	  who	  gets	  it	  and	  
who	  gets	  the	  credit?	  	  



Inves7ng	  in	  Physics	  

	  [Such]	  research	  may	  be	  a	  bad	  private	  
investment,	  as	  resul7ng	  commercial	  
applica7ons	  cannot	  be	  exploited	  exclusively	  by	  
any	  one	  company,	  but	  a	  good	  investment	  for	  
society	  because	  such	  developments	  are	  a	  
public	  good	  

	  C	  H	  Llewellyn–Smith,	  former	  D-‐G	  of	  CERN	  



	  	  	  	  Michael	  Faraday,	  replied	  to	  Bri7sh	  Chancellor	  of	  
the	  Exchequer	  Gladstone’s	  ques7on	  “What	  use	  is	  
electricity?”	  (1850)	  with	  

	  “One	  day,	  sir,	  you	  may	  tax	  it”	  

	  Harvest	  of	  a	  Quiet	  Eye,	  IoP,	  1977	  



Targeted	  investment	  
Picking	  winners	  

“Direc7ng	  basic	  research	  towards	  economic	  
opportuni7es	  is	  detrimental	  to	  growth	  and	  
may	  reduce	  the	  growth	  rate	  by	  as	  much	  as	  
one	  half”	  

Chris	  van	  Bochove,	  
(Leiden	  University,	  Basic	  Research	  and	  
Prosperity,	  	  2012)	  
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!Report	  Objec;ve	  

	  To	  explain	  to	  policy	  makers	  that	  physics	  makes	  
an	  important	  contribu7on	  to	  the	  economy	  and	  
is	  not	  simply	  limited	  to	  academic	  research	  



Physics	  Evalua7on	  Procedure	  

 Perform	  an	  objec7ve	  sta7s7cal	  analysis	  
of	  the	  contribu7on	  of	  physics	  to	  the	  
business	  economy	  

 Use	  an	  independent	  consultancy	  firm,	  
specialised	  in	  the	  treatment	  of	  business	  
data	  (CEBR	  —	  Centre	  for	  Economics	  &	  
Business	  Research,	  London,	  UK)	  



Data	  sources	  

•  Use	  the	  NACE	  classifica7on	  scheme	  
(Nomenclature	  Générale	  des	  Ac7vités	  
Economiques	  dans	  les	  Communautés	  
Européennes)	  as	  framework	  

•  Eurostat’s	  Structural	  Business	  Sta7s7cs	  (SBS)	  
•  Use	  also	  other	  informa7on	  from	  bodies	  such	  
as	  World	  Trade	  Organisa7on,	  United	  Na7ons,	  
US	  Census	  Bureau,	  Japan	  Customs	  …	  



NACE	  codes	  	  

	  Within	  NACE	  codes	  (Rev	  2)	  6-‐95	  physics	  related	  
sectors	  where	  there	  is	  a	  cri7cal	  use	  of	  physics	  in	  
terms	  of	  associated	  technology,	  exper7se	  and	  
skills	  have	  been	  iden7fied.	  
	  Examples	  include:	  

	   	  Nuclear	  fuel	  processing,	  manufacture	  of	  
electronic	  components,	  electrical	  equipment	  and	  
motors,	  op7cal	  instruments	  and	  photographic	  
equipment,	  telecommunica7ons,	  aircrav	  and	  
spacecrav	  manufacture	  of	  medical	  and	  surgical	  
equipment,	  defence	  ac7vi7es.	  





NACE	  (Rev	  2)codes	  con7nued	  



NACE	  (Rev	  2)	  codes	  con7nued	  



NACE	  codes	  con7nued	  

	  Physics	  based	  ac7vi7es	  which	  are	  NOT	  
INCLUDED	  within	  the	  NACE	  codes	  are	  largely	  
non	  market	  services	  and	  ac7vi7es.	  Thus	  for	  
example	  educa7on	  and	  health,	  sports	  and	  
entertainment	  are	  omiied	  as	  well	  as	  na7onal	  
and	  European	  physics	  research	  facili7es,	  
including	  CERN.	  



EPS	  CEBR	  report	  
•  Sta7s7cs	  (prior	  to	  2011)	  are	  available	  at	  the	  
required	  level	  of	  detail	  from	  Euro	  Stat	  for	  27	  
EU	  Member	  States,	  plus	  the	  EFTA	  countries	  
Switzerland	  and	  Norway.	  

•  Data	  has	  been	  collated	  for	  each	  country	  
separately	  and	  EPS	  has	  access	  to	  the	  raw	  data	  
for	  distribu7on	  purposes	  

•  Final	  report	  published	  April	  2013	  



CEBR	  final	  report	  

The	  full	  report	  (53	  pages)	  has	  now	  been	  made	  
available	  to	  all	  on	  the	  EPS	  website	  

www.eps.org/physicsandthe	  economy	  





EPS	  Execu7ve	  summary	  





Turnover	  in	  physics-‐based	  industries	  
(€	  current	  prices)	  

€3.8	  	  
trillion	  



Contribu7on	  to	  total	  EU	  turnover	  



Share	  of	  total	  physics-‐based	  turnover	  in	  the	  
EU-‐27,	  Norway	  &	  Switzerland;	  average	  2007-‐10	  



Selected	  sectors’	  shares	  of	  EU27	  
output	  at	  basic	  prices,	  2008	  



Produc7vity	  (GVA	  per	  employee)	  



Contribu7on	  of	  physics-‐based	  subsectors	  
to	  total	  physics-‐based	  GVA	  



Physics-‐based	  turnover	  per	  person	  employed,	  
2010,	  thousand	  €,	  EU-‐27	  and	  Norway,	  

Switzerland	  	  



Exports	  



Intellectual	  Infrastructure	  

	  “…the	  best	  way	  is	  for	  governments	  to	  finance	  
and	  invest	  in	  intellectual	  infrastructure	  and	  
support	  research	  and	  technology	  so	  that	  we	  
have	  a	  basis	  to	  work	  in	  the	  long	  term”	  

	  Tom	  Enders,	  Chief	  Execu7ve	  Airbus,	  2012	  









	  	  	  	  Europe	  should	  become	  the	  most	  compe77ve	  
and	  dynamic	  knowledge	  based	  economy	  in	  
the	  world.	  

	  EU	  Commission,	  2003	  


