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Why	
  a	
  roadmap	
  

•  The	
  need	
  for	
  a	
  long-­‐term	
  strategy	
  on	
  energy	
  technologies	
  for	
  
security	
  of	
  supply,	
  sustainability	
  and	
  economic	
  
compe//veness	
  requires	
  long	
  term	
  programming	
  and	
  
substan2al	
  re-­‐direc2on	
  of	
  the	
  programme	
  	
  
–  EU	
  Strategic	
  Energy	
  Technology	
  plan,	
  Energy	
  Roadmap	
  2050	
  

•  In	
  this	
  context,	
  Fusion	
  must	
  become	
  a	
  credible	
  energy	
  source	
  

•  European	
  Commission	
  proposal	
  for	
  Horizon	
  2020	
  
(2014-­‐2020),	
  following	
  the	
  advice	
  of	
  an	
  Independent	
  Panel	
  on	
  
Strategic	
  OrientaLon	
  of	
  the	
  Fusion	
  Programme	
  (Wagner	
  
Panel),	
  states	
  the	
  need	
  of	
  an	
  ambi'ous	
  yet	
  realis'c	
  roadmap	
  
to	
  fusion	
  electricity	
  by	
  2050.	
  

•  Hence,	
  the	
  request	
  by	
  the	
  EC	
  to	
  EFDA	
  for	
  a	
  fusion	
  roadmap.	
  	
  



ITER	
  is	
  the	
  key	
  facility	
  	
  
in	
  the	
  roadmap	
  

•  ITER	
  is	
  expected	
  to	
  achieve	
  most	
  of	
  the	
  important	
  milestones	
  
needed	
  for	
  a	
  decision	
  on	
  a	
  demonstra/on	
  fusion	
  power	
  plant	
  
(DEMO).	
  

•  ITER	
  construc/on	
  has	
  triggered	
  major	
  advances	
  in	
  enabling	
  
technologies.	
  	
  

•  ITER	
  licensing	
  has	
  confirmed	
  the	
  intrinsic	
  safety	
  features	
  of	
  
fusion	
  and	
  incorporated	
  them	
  in	
  the	
  design.	
  

•  Vast	
  majority	
  of	
  proposed	
  Roadmap	
  resources	
  on	
  ITER	
  
construc/on	
  and	
  prepara/on.	
  

•  The	
  assump/on	
  made	
  here	
  is	
  that	
  ITER	
  will	
  be	
  built	
  according	
  
to	
  specifica/on	
  and	
  within	
  cost	
  and	
  schedule.	
  	
  



Background	
  

•  Fusion	
  Fast	
  Track	
  (D.	
  King,	
  2001)	
  
•  SET	
  Plan	
  (2007)	
  
•  Facility	
  Review	
  (2008)	
  
•  AHG	
  on	
  JET	
  and	
  accompanying	
  programme	
  (2010)	
  
•  DEMO	
  Working	
  Group	
  (2010)	
  
•  Strategic	
  orienta/on	
  of	
  the	
  fusion	
  programme	
  (2011)	
  
•  Common	
  aspects	
  to	
  these	
  reviews	
  

–  Central	
  role	
  of	
  ITER	
  
–  14	
  MeV	
  neutron	
  sources	
  (IFMIF)	
  for	
  material	
  qualifica/on	
  
–  DEMO	
  as	
  a	
  single	
  step	
  to	
  the	
  commercial	
  	
  power	
  plant	
  

The	
  present	
  roadmap	
  a8empts	
  to	
  put	
  in	
  a	
  logical	
  sequence	
  and	
  within	
  	
  
a	
  realis2c	
  plan	
  the	
  elements	
  of	
  the	
  Reviews	
  of	
  the	
  last	
  few	
  years	
  	
  
taking	
  into	
  account	
  the	
  recommenda2ons	
  by	
  the	
  Review	
  Panels.	
  



The	
  present	
  roadmap	
  
•  Pragma2c	
  approach	
  to	
  fusion	
  energy.	
  

–  Define	
  realis/c	
  DEMO	
  goals	
  (together	
  with	
  industry)	
  
–  Avoid	
  mul/ple	
  cri/cal	
  paths	
  by	
  minimizing	
  construc/on	
  of	
  new	
  

large	
  and	
  complex	
  facili/es.	
  	
  
•  Roadmap	
  constructed	
  to	
  have	
  a	
  single	
  cri/cal	
  path	
  –	
  ITER	
  

•  Focus	
  the	
  effort	
  of	
  European	
  laboratories	
  
–  Goal	
  oriented	
  approach	
  ar/culated	
  around	
  8	
  Missions	
  
–  Priority	
  to	
  the	
  items	
  in	
  the	
  roadmap	
  

•  Ensure	
  innova2on	
  through	
  early	
  industrial	
  involvement	
  	
  
–  Industry	
  must	
  be	
  able	
  to	
  take	
  full	
  responsibility	
  for	
  the	
  commercial	
  

fusion	
  power	
  plant	
  a_er	
  successful	
  DEMO	
  opera/on.	
  	
  
–  Materials	
  development:	
  strong	
  emphasis	
  on	
  the	
  industrialisa/on	
  
–  Reduc/on	
  of	
  plant	
  capital	
  costs	
  

•  Exploit	
  the	
  opportuni2es	
  arising	
  from	
  interna2onal	
  
collabora2ons	
  
–  Not	
  every	
  facility	
  in	
  Europe	
  (but	
  Europe	
  should	
  have	
  all	
  the	
  

necessary	
  know-­‐how	
  	
  by	
  2030	
  for	
  the	
  construc/on	
  of	
  DEMO).	
  



The	
  present	
  roadmap	
  

•  Increase	
  support	
  to	
  educa/on	
  and	
  training	
  
(300PhD/y	
  &	
  140Post-­‐Doc/y).	
  

•  Maintain	
  a	
  sizeable	
  amount	
  of	
  fund	
  to	
  basic	
  (i.e.	
  
not	
  Mission	
  oriented)	
  and	
  “curiosity	
  driven”	
  
research.	
  

•  Three	
  periods	
  considered	
  
– H2020	
  (2014-­‐2020)	
  detailed	
  work	
  packages	
  and	
  
budget	
  

– 2021-­‐2030	
  indica/ve	
  programme	
  and	
  budget	
  
– Beyond	
  2030	
  –	
  only	
  outline	
  



Method	
  of	
  work	
  

•  Work	
  divided	
  in	
  8	
  areas	
  (Missions)	
  
•  For	
  each	
  mission:	
  

–  Cri/cal	
  aspect	
  for	
  reactor	
  applica/on	
  examined,	
  risks	
  and	
  risk	
  
mi/ga/ons	
  discussed	
  involving	
  experts.	
  

–  Level	
  of	
  readiness	
  (TRL)	
  now	
  and	
  a_er	
  ITER	
  discussed	
  
–  Work	
  packages	
  elaborated.	
  	
  
–  Gaps	
  analyzed	
  (i.e.	
  issues	
  that	
  require	
  new	
  devices)	
  

•  Input	
  from	
  ITER	
  IO,	
  F4E,	
  EFDA	
  CSU	
  and	
  Associates.	
  
•  Industry	
  involved	
  through	
  the	
  Fusion	
  Industry	
  Innova/on	
  Forum.	
  
•  Bilateral	
  mee/ng	
  with	
  Associates	
  completed	
  by	
  the	
  end	
  of	
  June.	
  
•  Workshop	
  (25-­‐26.7.12)	
  in	
  Garching	
  to	
  present	
  the	
  Roadmap	
  to	
  the	
  

fusion	
  community	
  and	
  have	
  feedback.	
  
•  Assessment	
  by	
  EFDA	
  STAC.	
  
•  Material	
  assessment	
  progressed	
  in	
  parallel	
  and	
  incorporated	
  in	
  

the	
  report	
  (Derek	
  Stork	
  Chair).	
  	
  



2010 	
   	
  2020 	
   	
  2030 	
   	
  2040 	
   	
  2050	
  

1.   Plasma	
  opera2on	
  

2.   Heat	
  exhaust	
  

3.   Materials	
  

4.   Tri2um	
  breeding	
  

5.   Safety	
  

6.   DEMO	
  

7.   Low	
  cost	
  

8.   Stellarator	
  

The	
  Roadmap	
  in	
  a	
  	
  
nutshell	
  

Steady	
  state	
  

Induc2ve	
  

European	
  Medium	
  Size	
  Tokamaks	
  
+	
  Interna2onal	
  Collaborators	
  

JET	
  

JT60-­‐SA	
  

DEMO	
  decision	
  



Mission	
  1	
  

•  No	
  major	
  gaps	
  (i.e.	
  no	
  need	
  of	
  other	
  devices	
  in	
  
addi/on	
  to	
  those	
  exis/ng	
  or	
  under	
  
construc/on)	
  

•  Enhancements	
  of	
  ITER	
  and	
  JT60-­‐SA	
  needed	
  
–  Increase	
  in	
  hea/ng	
  power	
  
– Opera/on	
  with	
  a	
  full	
  W	
  wall	
  in	
  prepara/on	
  to	
  
DEMO	
  opera/on	
  (Note:	
  not	
  needed	
  for	
  DEMO	
  
decision)	
  



2010 	
   	
  2020 	
   	
  2030 	
   	
  2040 	
   	
  2050	
  

1.   Plasma	
  opera2on	
  

2.   Heat	
  exhaust	
  

3.   Materials	
  

4.   Tri2um	
  breeding	
  

5.   Safety	
  

6.   DEMO	
  

7.   Low	
  cost	
  

8.   Stellarator	
  

Baseline	
  strategy	
  

Advanced	
  configura2on	
  and	
  materials	
  
European	
  Medium	
  Size	
  Tokamaks	
  +linear	
  plasma	
  +	
  Divertor	
  Tokamak	
  Test	
  Facility	
  +	
  
Interna2onal	
  Collaborators	
  Tokamaks	
  

The	
  Roadmap	
  in	
  a	
  	
  
nutshell	
  

Steady	
  state	
  

Induc2ve	
  

European	
  Medium	
  Size	
  Tokamaks	
  
+	
  Interna2onal	
  Collaborators	
  

JET	
  

JT60-­‐SA	
  

DEMO	
  decision	
  



Alterna/ve	
  strategies	
  

•  Proof-­‐of-­‐principle	
  on	
  medium	
  size	
  experiments	
  +	
  linear	
  PWI	
  
facili/es	
  

•  Assess	
  DEMO-­‐relevance	
  in	
  parallel	
  (ongoing)	
  
•  Select	
  op/ons	
  to	
  be	
  tested	
  on	
  DTT	
  

–  New/upgraded	
  device	
  
–  Non	
  nuclear	
  
–  Opportunity	
  for	
  joint	
  programming	
  and	
  interna/onal	
  collabora/ons	
  



2010 	
   	
  2020 	
   	
  2030 	
   	
  2040 	
   	
  2050	
  

1.   Plasma	
  opera2on	
  

2.   Heat	
  exhaust	
  

3.   Materials	
  

4.   Tri2um	
  breeding	
  

5.   Safety	
  

6.   DEMO	
  

7.   Low	
  cost	
  

8.   Stellarator	
  

Baseline	
  strategy	
  

Advanced	
  configura2on	
  and	
  materials	
  
European	
  Medium	
  Size	
  Tokamaks	
  +linear	
  plasma	
  +	
  Divertor	
  Tokamak	
  Test	
  Facility	
  +	
  
Interna2onal	
  Collaborators	
  Tokamaks	
  

The	
  Roadmap	
  in	
  a	
  	
  
nutshell	
  

Steady	
  state	
  

Induc2ve	
  

European	
  Medium	
  Size	
  Tokamaks	
  
+	
  Interna2onal	
  Collaborators	
  

JET	
  

JT60-­‐SA	
  

DEMO	
  decision	
  



DEMO	
  strategy	
  
•  DEMO	
  n-­‐damage	
  (Gilbert	
  et	
  al.	
  FEC	
  2012,	
  Stork	
  et	
  al	
  MAG	
  report)	
  

–  FW	
  steel	
  15dpa/fpy	
  

–  W	
  armour	
  5dpa/fpy	
  
–  Cu	
  divertor	
  5dpa/fpy	
  (could	
  be	
  restricted	
  to	
  3dpa/fpy	
  

regions)	
  

•  Phase	
  1	
  –	
  component	
  test	
  –	
  limited	
  availability	
  
(~30%)	
  –	
  starter	
  blanket	
  

•  Phase	
  2	
  –	
  high	
  availability	
  –	
  adv.	
  components	
  
•  Same	
  coolant	
  for	
  both	
  phases	
  Onset	
  of	
  14MeV	
  

effects	
  
Calibra2on	
  of	
  
14Mev	
  effects	
  

Full	
  database	
  for	
  
the	
  full	
  exposure	
  

DEMO	
  Phase1	
   20dpa	
  (Fe)	
  
250-­‐350oC	
  	
  	
  	
  	
  20cc	
  

20dpa	
  (Fe)	
  
250-­‐550oC	
  	
  	
  	
  	
  	
  	
  70cc	
  

20dpa	
  (Fe)	
  
250-­‐550oC	
  	
  	
  	
  	
  300cc	
  

DEMO	
  Phase2	
   50dpa	
  (Fe)	
  
250-­‐350oC	
  	
  	
  	
  	
  20cc	
  

50dpa	
  (Fe)	
  
250-­‐550oC	
  	
  	
  	
  	
  	
  	
  70cc	
  

50dpa	
  (Fe)	
  
250-­‐550oC	
  	
  	
  	
  	
  300cc	
  

Reactor	
   100dpa	
  (Fe)	
  
250-­‐1200oC	
  	
  	
  	
  	
  70cc	
  

100dpa	
  (Fe)	
  
250-­‐1200oC	
  	
  	
  300cc	
  



Materials	
  
•  Baseline	
  

–  EUROFER	
  (but	
  narrow	
  temperature	
  opera/on	
  range)	
  
– W	
  armour	
  (but	
  erosion/reten/on	
  under	
  irradia/on?)	
  

–  Cu	
  alloys	
  (but	
  rapid	
  loss	
  of	
  duc/lity	
  under	
  irradia/on?)	
  
•  Risk	
  mi/ga/on	
  

–  ODS	
  (but	
  industrializa/on?)	
  
–  High	
  Temperature	
  FM	
  steels	
  (reduced	
  ac/va/on?)	
  

– W	
  fibre	
  reinforced	
  materials	
  
–  Fibre	
  &	
  foil	
  reinforced	
  Cu	
  and	
  W	
  

– W-­‐Cu	
  laminates	
  
– W-­‐Cu	
  composites	
  for	
  divertor	
  

•  Down	
  select	
  by	
  2020	
  
Source:  

Steve Zinkle  

ORNL 

(Stork et al MAG report) 



14	
  MeV	
  neutron	
  tes/ng	
  
•  Strategy	
  	
  

– 30dpa	
  tes/ng	
  in	
  /me	
  for	
  finaliza/on	
  of	
  DEMO	
  
design	
  

– 70dpa	
  tes/ng	
  for	
  the	
  second	
  set	
  of	
  components	
  

IFMIF	
   DONES	
   ENS	
  

Beam	
   2x125mA/40MeV	
   1x125mA/40MeV	
   1x125mA/26.5MeV	
  

Damage	
   40dpa/fpy	
  70cc	
  
20dpa/fpy	
  300cc	
  
2dpa/fpy	
  2000cc	
  

20dpa/fpy	
  70cc	
  
10dpa/fpy	
  300cc	
  
2dpa/fpy	
  1000cc	
  

15dpa/fpy	
  20cc	
  
2dpa/fpy	
  600cc	
  

Cost	
   750M€/?	
   364M€/253M€	
   276M€/164M€	
  

Option with C-taget low current/high energy (FAFNIR) also analyzed 

Options to be assessed by early H2020 

(Stork et al MAG report) 



2010 	
   	
  2020 	
   	
  2030 	
   	
  2040 	
   	
  2050	
  

1.   Plasma	
  opera2on	
  

2.   Heat	
  exhaust	
  

3.   Materials	
  

4.   Tri2um	
  breeding	
  

5.   Safety	
  

6.   DEMO	
  

7.   Low	
  cost	
  

8.   Stellarator	
  

Baseline	
  strategy	
  

Advanced	
  configura2on	
  and	
  materials	
  
European	
  Medium	
  Size	
  Tokamaks	
  +linear	
  plasma	
  +	
  Divertor	
  Tokamak	
  Test	
  Facility	
  +	
  
Interna2onal	
  Collaborators	
  Tokamaks	
  

ITER	
  Test	
  blanket	
  programme	
  

Parallel	
  Blanket	
  Concepts	
  

CFETR	
  (CN)	
  	
  	
  	
  	
  	
  
FNSF	
  (US)	
  

The	
  Roadmap	
  in	
  a	
  	
  
nutshell	
  

Steady	
  state	
  

Induc2ve	
  

European	
  Medium	
  Size	
  Tokamaks	
  
+	
  Interna2onal	
  Collaborators	
  

JET	
  

JT60-­‐SA	
  

DEMO	
  decision	
  

Blanket/conversion	
  
system	
  (BoP)	
  integra/on	
  

Support	
  to	
  the	
  TBM	
  
programme	
  

Evalua/on/development	
  
of	
  WCLL	
  and	
  DCLL	
  lines	
  

Selec/on	
  of	
  coolant	
  by	
  
2020	
  



2010 	
   	
  2020 	
   	
  2030 	
   	
  2040 	
   	
  2050	
  

1.   Plasma	
  opera2on	
  

2.   Heat	
  exhaust	
  

3.   Materials	
  

4.   Tri2um	
  breeding	
  

5.   Safety	
  

6.   DEMO	
  

7.   Low	
  cost	
  

8.   Stellarator	
  

Baseline	
  strategy	
  

Advanced	
  configura2on	
  and	
  materials	
  
European	
  Medium	
  Size	
  Tokamaks	
  +linear	
  plasma	
  +	
  Divertor	
  Tokamak	
  Test	
  Facility	
  +	
  
Interna2onal	
  Collaborators	
  Tokamaks	
  

ITER	
  Test	
  blanket	
  programme	
  

Parallel	
  Blanket	
  Concepts	
  

CFETR	
  (CN)	
  	
  	
  	
  	
  	
  
FNSF	
  (US)	
  

The	
  Roadmap	
  in	
  a	
  	
  
nutshell	
  

Low	
  capital	
  cost	
  and	
  long	
  term	
  technologies	
  

CDA	
  +EDA	
   Construc2on	
   Opera2on	
  

Fusion	
  electricity	
  

Steady	
  state	
  

Induc2ve	
  

European	
  Medium	
  Size	
  Tokamaks	
  
+	
  Interna2onal	
  Collaborators	
  

JET	
  

JT60-­‐SA	
  

DEMO	
  decision	
  

Primary	
  safety	
  boundary	
  the	
  
vacuum	
  vessel	
  (ITER	
  
approach)	
  

Tri/um	
  management:	
  define	
  
appropriate	
  disposal	
  routes	
  
and	
  detri/a/on	
  techniques	
  

Reduced	
  ac/va/one	
  features	
  
expected	
  to	
  be	
  incorporated	
  
already	
  for	
  the	
  first	
  set	
  of	
  
DEMO	
  components.	
  



2010 	
   	
  2020 	
   	
  2030 	
   	
  2040 	
   	
  2050	
  

1.   Plasma	
  opera2on	
  

2.   Heat	
  exhaust	
  

3.   Materials	
  

4.   Tri2um	
  breeding	
  

5.   Safety	
  

6.   DEMO	
  

7.   Low	
  cost	
  

8.   Stellarator	
  

Baseline	
  strategy	
  

Advanced	
  configura2on	
  and	
  materials	
  
European	
  Medium	
  Size	
  Tokamaks	
  +linear	
  plasma	
  +	
  Divertor	
  Tokamak	
  Test	
  Facility	
  +	
  
Interna2onal	
  Collaborators	
  Tokamaks	
  

ITER	
  Test	
  blanket	
  programme	
  

Parallel	
  Blanket	
  Concepts	
  

CFETR	
  (CN)	
  	
  	
  	
  	
  	
  
FNSF	
  (US)	
  

The	
  Roadmap	
  in	
  a	
  	
  
nutshell	
  

Low	
  capital	
  cost	
  and	
  long	
  term	
  technologies	
  

CDA	
  +EDA	
   Construc2on	
   Opera2on	
  

Fusion	
  electricity	
  

Steady	
  state	
  

Induc2ve	
  

European	
  Medium	
  Size	
  Tokamaks	
  
+	
  Interna2onal	
  Collaborators	
  

JET	
  

JT60-­‐SA	
  

DEMO	
  decision	
  
Targeted	
  R&D	
  on	
  
-­‐ 	
  Magnets	
  (low-­‐T)	
  
-­‐ 	
  Neutral	
  Beam	
  (higher	
  efficiency)	
  
-­‐ 	
  ECRH	
  (higher	
  frequency)	
  
-­‐ 	
  Remote	
  Handling	
  
-­‐ 	
  Vacuum	
  and	
  pumping	
  
-­‐ 	
  Balance	
  of	
  Plant	
  



2010 	
   	
  2020 	
   	
  2030 	
   	
  2040 	
   	
  2050	
  

1.   Plasma	
  opera2on	
  

2.   Heat	
  exhaust	
  

3.   Materials	
  

4.   Tri2um	
  breeding	
  

5.   Safety	
  

6.   DEMO	
  

7.   Low	
  cost	
  

8.   Stellarator	
  

Baseline	
  strategy	
  

Advanced	
  configura2on	
  and	
  materials	
  
European	
  Medium	
  Size	
  Tokamaks	
  +linear	
  plasma	
  +	
  Divertor	
  Tokamak	
  Test	
  Facility	
  +	
  
Interna2onal	
  Collaborators	
  Tokamaks	
  

ITER	
  Test	
  blanket	
  programme	
  

Parallel	
  Blanket	
  Concepts	
  

CFETR	
  (CN)	
  	
  	
  	
  	
  	
  
FNSF	
  (US)	
  

The	
  Roadmap	
  in	
  a	
  	
  
nutshell	
  

Low	
  capital	
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Resources	
  

Human	
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In	
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  2020	
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Financial	
  resources	
  
EC	
  +	
  Member	
  States	
  
(FP7	
  350-­‐400M€)	
  

Note: this are annual figures 



Resources	
  
EC	
  resources	
  required	
  
in	
  Horizon	
  2020	
  

Note: this are annual figures 



Interna/onal	
  collabora/ons	
  

•  In	
  addi/on	
  to	
  the	
  ITER	
  exploita/on	
  and	
  the	
  BA	
  projects,	
  the	
  following	
  opportuni/es	
  
are	
  underlined:	
  
–  The	
  exploita/on	
  of	
  JT-­‐60SA	
  in	
  collabora/on	
  with	
  Japan	
  for	
  the	
  prepara/on	
  of	
  ITER	
  Phase	
  2;	
  	
  
–  The	
  construc/on	
  of	
  a	
  pilot	
  IFMIF	
  plant	
  (Early	
  Neutron	
  Source)	
  in	
  collabora/on	
  with	
  Japan	
  

within	
  a	
  post	
  EVEDA	
  phase;	
  

–  The	
  collabora/on	
  on	
  a	
  joint	
  Divertor	
  Tokamak	
  Test	
  facility;	
  
–  The	
  collabora/on	
  on	
  other	
  smaller	
  scale	
  DEMO	
  R&D	
  (for	
  example	
  making	
  use	
  of	
  the	
  

infrastructure	
  developed	
  with	
  Japan	
  during	
  the	
  BA	
  for	
  that	
  purpose);	
  

–  The	
  use	
  of	
  the	
  Chinese	
  Fusion	
  Experimental	
  Tokamak	
  Reactor	
  (CFETR)	
  facility	
  with	
  China	
  and	
  
of	
  the	
  Fusion	
  Neutron	
  Science	
  (FNS)	
  facility	
  in	
  US;	
  	
  

–  The	
  share	
  of	
  know-­‐how	
  on	
  the	
  TBM	
  programme	
  with	
  other	
  ITER	
  par/es	
  whenever	
  a	
  win-­‐
win	
  situa/on	
  is	
  expected;	
  

–  The	
  use	
  of	
  non-­‐EU	
  research	
  fission	
  reactors;	
  
–  The	
  collabora/on	
  on	
  stellarator	
  lines	
  other	
  than	
  the	
  HELIAS	
  (i.e.	
  Heliotron	
  and	
  compact	
  

stellarator).	
  

•  Europe	
  can	
  offer	
  to	
  the	
  other	
  par/es	
  the	
  par/cipa/on	
  in	
  its	
  facili/es,	
  and	
  
specifically	
  to	
  JET	
  as	
  training	
  facility	
  for	
  ITER.	
  Specific	
  funds	
  also	
  foreseen	
  for	
  
par/cipa/on	
  to	
  machines	
  abroad.	
  



Theory	
  and	
  modelling	
  

•  Theory	
  and	
  modelling	
  provide	
  the	
  capability	
  of	
  extrapola/ng	
  to	
  
DEMO	
  and	
  fusion	
  power	
  plant	
  the	
  available	
  physics	
  results.	
  This	
  is	
  
crucial	
  for	
  the	
  extrapola/on	
  of	
  the	
  core	
  and	
  edge	
  plasma	
  dynamics	
  
for	
  both	
  tokamaks	
  and	
  stellarators.	
  

•  Material	
  computer	
  modelling	
  needs	
  to	
  play	
  an	
  increasing	
  role	
  in	
  the	
  
development	
  of	
  fusion	
  materials	
  to	
  guide	
  and	
  interpret	
  fission	
  
irradia/ons	
  using	
  isotopic	
  tailoring	
  and	
  to	
  predict	
  and	
  interpret	
  the	
  
fusion	
  irradia/ons	
  at	
  low	
  doses	
  and	
  hence	
  to	
  help	
  guide	
  and	
  shape	
  
the	
  ‘accelerated	
  IFMIF’	
  programme.	
  	
  

•  Support	
  theory	
  and	
  modelling	
  effort	
  through	
  dedicated	
  facili/es	
  
(e.g.	
  HPC	
  and	
  Gateway)	
  and	
  the	
  suppor/ng	
  ac/vi/es	
  included	
  in	
  the	
  
resources.	
  



Next	
  steps	
  

•  The	
  roadmap	
  will	
  be	
  a	
  living	
  document,	
  
reviewed	
  regularly	
  in	
  response	
  to	
  the	
  physics,	
  
technology	
  and	
  budgetary	
  developments	
  	
  


