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Lab[TaIII] (TTTP@ET]af(TIda - LablTalllle de P[TTI0Te de[IP@lTlal]
KT 1MTe M(IT& e SclTTT+Eclle RTale M4l
Alllcl@MI"EURATOM - Belgla(IS(ale", B-1000 B[111e(l) Belg 1]
Palllle([T[e Talélal E TeglC[II ¢ (TEC)

N. Bel 1
ElMTeaJFTIMTIDeleMTTle[TAgléeJelT]
JET Clle SCITTTIULLICLIIAl Sclelte Cellle
Cllal), 0X14 3DB, Ulllked K(Igd[ 1]

D.Mallll
[T de Reclelele [I1a FIIIMTaliCLLfTelle[ Maglelllle
CEA Cadalacle, 13108 S(Pallde[tDI[Talte, Flalte

goooooon

ElMalTaln) of e [I11lledge bale [Mllaldl]a flIlle
fIIT T e iéac MTd el TTed. AT T g fITITT ] [¢léalel]
(a0 aclleled [MMIIIIME[ OMEIITel (Ilce e [Malllald
clLITMTellacllel g [Teecellel) e [ILL] [alllele ale LI
(M1 TA[TclallelgellMalllale Mbe addlelled beflle [l
clIIIIeclMald [TelaM]f allecIT1]calfTIIT][TTlel]
leaclllJ BLIM (1T TIgJald [eclIT1glcall[TellI ] ale [
be [I1Ted. ITER [Ma gl Mfiical T Te[] MallJ[Miead [ Jalll]
[1Tglell; fl1la DEMO [eacll[T1lelel) [Mele [IIDIIIbe
([I&Cd T (116 ald elglee g [TelIMI 1 Ta e (1%
flIMeJR&D. TOM Calel MImdlcel (Ille [f e [alll
(I T¢I (T rale [Te clallelgelIMal e MfIITTIf [T

L Moonoooomo

Tre decIT] MblIMd ITER Callbeella [ell] T[T IM&lTITel]
(M JaldOTe [ealMallll [ faflTIIelelglITTI¢e. HI T lelel,
all Le [T [0 Te [alel) [Mele ale [N Clallll
clallelgelbel11d ITER [Tallll[1llbe [¢[TITed. DEMO,
[IT11d be a [Taccall de[J[IIIMA[MTI] [f elecIc]
gelelalllll] [11a [TTledIdl[[][¢ale [al | fallifle ] [Tl
[Tellrecl TTT1[¢ glally MOIMTIMIc[Tde a cllled [T flell
clcle, ald dell[T[Tlale a lgl] lelel] f fafel(l ald [T
e[ 1M [elTall[acll Stclla DEMO dellge [I[llbe a

CalllI] [Telllle [Malda fITI0T ) elelgll) [T T¢e [Tallcall
eclITT1[callllclTlele (I [1lellelelgl] [TTT¢el] DEMO
[TTglallllellale diffele( 110 dlffefe( TI(allll [t [MTe [1[TId,
alllllTgll [Telfe [0 [Me cLIJOICL) Craly) (0 (D) [0 Cale all

[TefaITall DEMO dellce alllld (Ie [Ilddle [f [0
cel [IIT]

DEMO ([cl[ITel[ 1 baled [ (e [Mlallal] all Il ([Te
010 adCaleed fILII0T1 c[lcelT] I dale, ald [Iallla
[alallele[Mall1Tacllg [M11¢ [fa [eacllllale flleleel] (I
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ITER. Reac[IIId el Jale alllbelllg delellled fl 1 Hellcall
Dellcel([ee e.g. [1-4]). HlIlelelJa dec I [Tla [el1]lel]
[ealallT/elCaldelIce calJ[T1M[ale [ace [Ilele [alll
[e[TIIILT [Te clIlelalge LellcalldelIcel [T [Telallll] 1]
c[I e [ale beel! [blallled. Tle [dlgelll ellcal delIce
c[ e 1T M [TelalT] MLHD (Lalge Hellca Dellde, [1[1e
NallllTallICTIe {1 FIIIIL) Sclélee (NIFS), cllile (1]
NaglTla, Jalal). Tle ¢TI Cf [Tk [algel T leTalall]
I [Me [J1d Weldelell 7-X (Mal+Plalcl] I[TIITe,
GlefiTlald, Gelllall) [ [ealll fiililed I 0L
(TelalM Tl Teleel] fl T beglll g 2015. I MM Lalel,) [le
O (MeleflTe [ellmicl] (T T1TeMel] (I [Te dMe[TIIT] [f a
MTalJalJf 11T [éac 1L

Tre ElllTeal] FLIIIT] DelelllTlel1]Agléel e[ T1(EFDA)
fallleleéaled [ecel 1T (N[ Tellbel12012) a (Tadllallfl[T]le
lealTa 0T [ fITI0T leléc M6 10T (e g[1d b[12050 [5]. TLIT
Tadlallc TelllMee ellTdl: () [Te [Tcl1]g EflTTeall
Relealel] Fralle[ (1T Pllglal (e, HIIMIT 2020, (1) [e
Teall12021-2030 ald (M) [Te [elrd 2031-2050.

ITER [MTe [ellfacI (£ [Me (TadalJallMTelTecled [T
acllele UL [Me M IMEOIEOITe] 1 [T Call [
0] (T el Tle Callllallimml [ f [ellTTe¢e I 1T TTed 1]
HITII1112020 alé dedlcaled [TJITER ald [MacclT]lall g
ellelllel 10 TCe [éclTd Cellld [Mflclled (1] ]al [ (OITg
ITER el TI0IAIMT] ald [1] (Telalllg [Me cllTITcmT) [f
DEMO. Bl1id(lg ald [Telalllg DEMO [[lle [TbleclIf [Te
alllTadalllTale ([Me [TTITabl[TTR2050).

Tl lead a clTTd[Taled eff( TTIT![Te EU (bl1M[Tg [1T1effl 1]
d(Te [ [Te [all) [MTald'DEMO, [Te P[Tle[IPA[ TP TTId[]
ald TeclIT1IglDelalllle[ I (PPP&T) [albeellelldb[Tled
[IdeLEFDA (12011 [6].




Tle alll0ICf [Te DEMO [IdeI[IELITTe ale:

07 [ [Talli) fel] [TTTI¢ald (eclTTTIgl] [Telel TTNIE]
flIT DEMO;

07 [midelTH Me [JTTITge Tlecl T Ical MITellMalleed [T
be [T1Ted M TTTIclald l[eclTTITg]

07 m [fatl abd [Mlellel ) [(TITTTTEg [TT1Icl) ald

ec[ITIIgIR&D.

T DEMO dellgl] [IIMIIT] ale clllelll] bellg
(MTelllgaled bl PPP&T. (See Table I 1] [alll
clalaclech):

[0 DEMO Mlidelll: A [clllellallle balellle dellgll]
(Mallcll1d be dellleled [ e [TITMID [ed] [¢lT],
baled [ [Mle ellecled [elfllTlalce [f ITER [
lealllable [M[IITellel I [¢lélce ald [eclIIIgl]
le. a [alge, [1[dell) [TTlel] delTIm} [Tg-[TTle
(Idlcle (TTTT1ed [1allla [Ma clITellllallladllla
[celallll

07 DEMO Mldel12: all [TTTI0 e dellglT]baled [TTT1]
Ulle adlaleced allllJLIMIT] ¢l ale alllle [Tlel]
D MCf OalDall be aclleled, [eadllg [ a [leadl]
[lale [lallla [celallll [lele a lalge flacllll] [f [Me
[lallJa cllelTIMId ced [TT+Td cllell) [e. OIMITT]
Uallllg [Te [f e Tallfiilel) T [ clllel 1T a
[alllel[Tecllallle [LIIIT]

0 0o0O 1 000 O 2
OlelaIIIMIde PlITed SicadIS@le
P (MW) 2200 2700

P. (MW) 500 500

P.. (MW) 594 600

P, (MW) 50 350

Ro () 9.0 8.15

a(l) 2.25 3.0

I (MA) 14.1 19.8

B (T) [LJal 0] 6.8 5.0

fis 32% 40%

Hos( ) 1.2 13

O (Dx0) 2.7(2.2) 3.4(2.8)

Table I: Mallll[alallelelT)[f [Te eallll DEMO 1 ald [1[T¢
adlalced DEMO 2 [Ildelc[Ilel 1] [Tdel]ITellgallll bl
([e PPP&T Delallllle[ T1[f EFDA. S[TT1[lale [le [Telllall
[T T T el (Py), [Me [ellelecical 1l TTlel ] [Me glid
(P), e l[eclellalllg [11lel(Pe.), & allIl&[l] [ealllg
[TTe(Pyr), DallladT(Re) ald I Tadml(a) Cf [Te
dellce, [1a[T]a c[1Te[ T (1), [MITIdallaglellc fleld [Tlalll]
(B), [Me bIIIMIM c[1Tel T flacl] (fgs), [Te elTalcellelT]
fac[lTTH [ [¢é[Tecl) T IPB98([]2) [ealllg (Al ald [Te
[T1Talled [MTTIdalbeld [JII([y) ald DT T falllallicle
elelgliclllell) Le. [@lllg [T accl [LTILLIT (e [Telllal]
[TalTla [alalleeTI([In,m)
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Al Tgl) ITER O bllg [(Igliflcal ) adlalcel) [Tele
[e[lalllla [dlge gall bellleel] ITER ald DEMO. Malll
diffele[celIbellee ] ITER ald DEMO ale [1T1[Jallled [T
Table II.

Tle [ITle[lleeded I d[IIe [Me Cecellalll [Ta[lla c[Ile[T]
add(Talll [Me bLLIMEL c[TIe[ LT/ DEMO 2 (12MA)
OTT1d be 480MW [ [Te alllTle[Ja c[1le[Td[lle effldle cl]
[f 0.05A/W ald a [alll[1lg efficlelcl] f[T]Te [ealllg
[I1le] [f 0.5 (See Seclml] II.C). WIIITTT! flTlTe
[T Tele T M alleTallle Halllll Halllalll [Me [lallla
clITelT, [eéad[+[Taleé MTalJall[Telalll]Ma [eallclallelge.
A [Tall=c[TTII T ITalall [(Tefall] Dall IO M JET
ald HT-7A ald ISTTOK.

[ OO O i 0 o (o0 om0 oo o

O OO T

Of gleall ([ 1 1lalce (I (e dellgll [f [Me dlellL] Tle
[ITlel][Tad (1] [Te dIel]I DEMO callbe elllllaléd al]
flImI0) Tle aléa A [f [T1eJde[T1IMI] allle deI]
[dlgellicallbe al 1l 1Maled blI2[R [§or Ferrs Llele [§oL
[MTe [TTeldecall@lgl [ [Te [JidTale [¢lale-[ff [dlel]
(SOL) ald Fe [0 (e fiIT) el Tal [l firr] [idilale (1
dilelalgell] FIT'DEMO OIR 0190, Ferpy [ 3-4 ald
Csor 00.010 MIMMleMMIINA 112302 We [II11Te [ale
f oo J0.010 alJa fllllJalTTITTMallll] flIT] el Ilg
e[leMel1) aDIleed JMdeleld [(T10 Dee1D [T (e [IIe
(f (e (acl1le. Tle (I 1lelallllllg allle [dlgeMTTe (11
f [lle add[Talllealllg [T1]elJald [Ie alllla [TT]e 1]
e fLII01 ] [eaclIITT) WillalJallla [TTle[belllee 1400 ald
500 MW, ald alJadd[lTaleallllg [TTle[bellleel 150 ald
350 MW, [Te [Melfllda [TT]e 11 de 10T 1T gl Talll
e dilell1l [algel ] lalelbeleel] 200 ald 370 MW/
TLIMTTbel cal be [eédl ted bUI[MIIE [Te [alge ITdlel] e.g.
‘Telallalgle (f 200 adlg 11190 ald 350 MW/(1* (Ta
bl [Mel ) [ frromel) CITI0 (Malir] of (e algle [f
[clallll] Nelelllelell) [Te [TT1belllblalled [ITalllall
ale [TIIfal [Melcel T f e [ale Tal I [T 10-20MW/(12,

Tre I LTI (M a clllellMTallITER [Me dilellll)
cllblTed [ [Tglllad@MIT1([Te [TalTla edge [T TTeéad

[e [ealllad all[TT][gelellTITall[TTTble [Tellle [Ilcl
alge flIITJall(TTface. A [TTIMBIIIclT1d be [ffeled bl
eedllg U allllllM@le [MJCITIMe) 11 [ [adlalll

flacIl 1] allTTd 90-95%. ICJCITIMel] (Mallale clIlel I
[del Ml elMgalMl]Mdel M IITallalTlale N,, Allald Ne
[a O CF Mel]. Tre [Tellm MITTelel)f (TellegMel]

ale c[]lalBle (I [(Tfficle TN gl Td fITI0T] [elflTTlalce.

Mallll [MTT¢0] fIT] [MTelMgallll] ale [MI12 () [Me effeclI1]

clIfilellelT1[f [Me [eeded [MITTIMel) (M) [Me effecl] [T
elelMallll] [t [Me MMM [Me [Tallla cel10e (ald/[]
(IT] [ allld [Me [T (f [Me cel1leé bll e [eeded
(MITmel) altd () [(Me [Tabl Cf [Te dl¢lalge, becalle
(f [Te clllelelTII Me fad @M MM IOM T Tcleallallle




O el T a [allifac T [TTIIMT Icallbe fI1Td [eelllg alll
(Tele [ell10ellel 1) ald ([T [Jalle(Tallle [(TTIIMIT] ale [T
be e[ T1MTed allllell

oo goo o

ElTellellalDellde ClTe Melllel¢@lIalt]

40001 11Tl LiTg ([1Tel] [igd e cle
Lilg eIl e [T Tead(] Tale

MO CelCf dlaglI el

MallldiaglITIe0 T Ceeded fITITe@MIIT]
Redlted e[l [f H&CD

Ma TJH&CD [T1Te[] [ B

NOT bleed Tg e[l 1ed Self [Tfficle [T bleed g
Redlted acITalll]

316 S (mealaeian | o S

MldellTHTelce, (1] dla
L1 Dalellaldallage

Higll[HlTelce, (iglldla
Slglfical T [alellal dallage

Table II: Malldffee e beMee JITER ald DEMO

A [[le adlalced [T ¢ ILIMN I [1ITg [I1Talle
dielmnl el I figllalill) allllg alllcléalllg (e aéa [f
CTTleldel [ TIITT]

A [ellleallll [T TTallle cllcel Il allle dlIble[[7] [ILIg]
dlel1all el lelTed (1] (Te DITblel-l (1968-1969) ald
[IbleTeTIDIbE=II ald DIIblEHEII dellce1 1 Geleldl]
AMIel) Sall1Dleg] USA. Recel 1 felelal]lTTe1[TTIITT]
[ale beeJ[II11Ted:

0 X-dem 8] Hiele [1lg add T allc T Te X-
[[1MTale clealed cllile [ (e [@lgell) [ flIllelITel] Te
flll) [Melald [TTead [Me [TTlell[Tella [algelllalgell1ale
alea;

[ SiledX dmelml[9], a Drdficalnl] f e [le[II[L
cllicel I e [Me [ITelJINMTe LTI a (dlgel ) Jalll]
fad (01 T almr) O CEHIECIT I [(Teleale [Me aléa [f [TTel]
de[TTIII0TT (CICT¢0) (M Claldlm CITTTTITall (0 [Me [alll]
lad(lalllle dlellldlgelldle [T [Te [eallclTTldlcl][f
[§or alla flTc[IT[f [aclTle [10e) bl Tallll [ [lcleale [Te
dillalce bellleel] [Te l[alge(ll ald (Te [lallla, ald [IIT]
[ LT e LI Celee LT g;

[0 StrTiflale dielllT](SF) [10], [alled affel] [ (Tale
alllTd Me X-[T10Telel1blTg a [alTall(TT T flale. I[call
be gelelaled bl [Mlee [MITIdallclTlel 1T [MTcaled all(le
cl[ITelT)f all [MT¢elel ] (Malgle: [Me [ldlTla c[Tlel1]Melf
ald [MdTeM e 1M TCIMelTecel Tcleale LTI [T
alea [f [TTlelIde[TTIMMTIbl] (Te [algellc[TTec] e gllT]
ald [elleldlcal) [TALTTIII bl1]alll) [Mclealel! [adlalll]
becalTe [f [Te [algedTeMIT I T Je.
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0 Hillelel! (e SF clIflgllallll [0 [Illdblg: [Igl[]
Cal@Ir) (M (e clllelI [f [Te clIIl [éad (I allllel]
clifiglial) O a dilible [I[IE @I [ (e [lalll
[(ITTffale (QSF) dimeMT[11,12]. If [Me dMalce belleel’
(e MO M Malm) el e [TTTelef [Me QSF ale
clle [ [Mallf [Me SF. Tre [TelIml] (I ([Mell DAl e
[T alldMdte belMeel] e [T A delalled allelTlle ]
[MglTe1m13].

[0 Recel 1M alll] e clllelleaf dilel][14] [all beell
[IT1TTed, [alled aflel]) e [Tale [f (e {11 laglellc
clIfigllallllleleIblllg a fL 1T elalcllleldleéaf. I[callbe
geleldled bl flI11 [MITIdallcllel 11 [Te [lallla clllell]
(Melf, [T dTelI eI [Mealed [(TT1ellcallllalllld [Te
Lellicall allll ald [ITe [1J e allll Malll [ecell]
clIfigllalll Tale Ml aled (TFglllaald Ib.

4.0,

iZm) il
g", . [2]

35

3.0
-1
25 <

2.0

1.5

10| \
CTF \

0.5|| Component Test Fadlity

R(m)
0 02 04 06 08 1 12 14 16 1 05 10 15 20 25

‘-2
Fig. la: Tle X-dIeImT([efl)y ard (TTe=X dTeIII{(IglL)

[0 [TTg (Tele allellallle dille M e T figlTallllTI[Te alll]
al(Ddecleallllg [Te [TallTalllald [eall eal flIT el 1[1][e
dilellalgelMald alllle [alle e () OIIIIHIIE [Te
e[l [f [Me [dlgel TCIM [IIT1d be [blalled bl
faclll@(Mlg accell] 1] delaclTlel[[]([IT]ellald [alltle) bl
declealllg [Me [1d[l]a [e[llelallle belll] 3 eV flIIII]e
lecl TIblMallll] [ [ecll) MM [Me [l&blmm [f [Te
ladlalllg [eg(lllald [Tclealllg [Te [elled aléa [15]. AllTe
[alle [Me (D) cel Ml TalTla [TIMIITITTTId be alT1ded (I
OO Me [Mfllelce [ [Me [ldlT]a [éacIII ald clTe
fad @M [TTT1d be [T (Ted [Malll] fl1la [Tfficle 1 [dlge
[T TelflITlacllTT] e LCFS [T [Tdel [T gellacce[ T[T H-
U lde [Telalll; () e [ell@allallcle [[1][11g calab Il
[TTT1d be [lallldlled. Tlele clIfiglTallllT] (Il el 1l
[IbllalT@[1lelealcl] beflle bec[1[lg feallble. E.g [Tlle
(0 [(TalmT 1] [Tedlcl1Tallle (MlallclIIe 110 [Me [TI0ldall
c[IMclTId be (1120 [MellTe [Tallla c[1Te[L,) [Tlcale
[MellcalTTTbe c[TTIlcled cllle [T [Te [Tallla dle Me.g.
difflc(1Mel] [T [ITTId[Mg [(Tffl¢le 1] [el10IT] [Tleldlg [T
DEMO [16].




D

Fig. Ib: Tle [ITT/flale (leflyald cllle[leaf ([Igl 1) dellIT]
clIfigllamil]

All add[IITal] (1] alleélTallle 1] [eldel] [Te [TTlel]
elTallllcalabll [T (Te dilellIIc[T][alble (I DEMO
[e[Tlellel 1] M [Me [Te [f adlalced [Tallla facllg
[alelTallTcllalle.g. (IMT1d [leldll Tle ballc adalldge [T
(rIdommalilelJcal 1T be dallaged bl [Mlelac I [T
elelgellc [lallla [alliélel) [II1J Mg [ defecl]
accl [ [1AllT] claclllg, [T 1le11face [J[dflcallllT] Al
(e [alle [Me e elllded [laleldllcallbe [éllaced [ LI
bl e.g. calllalll flilge [1][1TelHeal 1) FITIIg ITId0
[ffe a1 [0 CIITeTalITe (LI MadlTTdlge L eal flITel]
[[lg [Me [alelfalIflIl] ald [ [eallcalacllll Tle [lalll
dlallbacllJale [TT1Ible [MIIablMIe] f [Me [MIIdl] I [Te
[lallJa ellIMTIlell] ald [Te [Oalellal] elalTlallll]
Caldldale elel el I [dellelllgalllllale L) Ga, Alald
STl BelTcaldldaleéJalé AL]Ga ald SCbecalleé Tellallll]
fllla (117 efallTallllJald [(T11Elg fale LI LITg all
CIffle @10 [Ig ) TTface 6] Celalle (allITd 1000K).

Befll¢ belllg able [ [Te [Mele [T Jallellallle [T
(e [Taldald dIell ) DEMO, [le [alllllelallale [Tell
[[Tel T¢I

FLI1 (e allellallle diIellll clIflglTalMlT] [ Heall]
Ualllt [1Tblel) Dalllllg fII1] e [(Mclealed cl[1][Tel 1 £
[Me [laglellc clIflglTallll] (e cl 1] allb [ Cel Tl
[TleldTg [f e [T1Tldalicl 1) c[TTImRMITalllllg fII1] [Te
Leed flIel][1e Halllé[alce ald [Iclealed deJaldI[T][Ie
C[TTIITTT [Te MNaglelld ¢l TTlglTallll]

FI1l [Me [(mI1d Clelald [0 [lealld allldllg clle
cllTall(Malmr) O Hel@d [COImer (M e
elTe[ 1@ [T alTld [TIOTIITT] [Tall el (1] e[alTTAlIIT),
(Ml ellgale [1I1e[ 1AM MRMITTIT [Te [Te (f (IT1d Held
allllTg fIIT] ([MTTdb[MIME I [éad Mg [T [TTalTTlg [f [Me [MT1d
(M [Me [Tefelce [f (eddl) clllelTMald [MITg [laglell
fleldl] [eallllg [I1] [0 clle [ [Me [alllll [Tlface
lel]lelallle IO frOtrelalMITI(MI] [Tgl) el [elalllel]
lead [T)[11][dlge elal[Talllllllalel).
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L0 O o

Def(l1Tg [MIc(MTallald fIT]alCaleTalfITT DEMO (1]
al[1lellJallllclallelge. A celllal][IlTe [ ([Te [lalelTal]
degladalMT]dle M [Mad@MIT (1T 14 MeV [el1IITT] Tre

Cel[ MMM T clIMde M [@lMce allll) [TTT1Tg [Mell [TTICE
[MelTel T [Tl [éal1lg a Cacalcllald all[TleMIITal]
allll. A [Talllll [ clalaclelle [T [ [TTbell [
dMTTacelle[ 1T [ealll] [ [MTe c[ITlall@lMcée [T1dra [17].

Tre Oiglallg defeclcall lec[1Iblle, aggllleldle, {11

[11d0) [Mlelach DD ellMTg dMITcallll] ald glall
bl Tdallellelc. TCIMleadl)[Ta [TTbell[f [lale[lalclalgel]
[Tcllalle.g. [aldel1Tg, elblIle e[ L) [Tlellllg ald cleel!
U (e dalgel) [f [lllg [Me [IllellEl [eeded [
glalallee (e [Mlegllml [f (e [I[Tle dellce. A dalabale

[IT1dg ([IfTallll] (11 e degladallll [f [TlelIA[]
caldldale Halg[Ta[lII ) eed Jbe gelelaled.

E g (el [TTTcel] de (11 a [IU[ed alTllel)
Uallllll becalle [l alelage [el 1] elelgll [Ielllel] ]
(1, (0 fITIOT [eac T (M ablTT12 MeV, fallbelll] [le

Leeded 14 MeV, [T Igl] M Te [TTdled[IMeV [alge all
I [(Tal@] (T Teel] Tle alllleMcall [T 1be flI1d bl
[Me clllMMic) [f a dedlcaled dellde calable [T
gelelalllg [Me [elllled flirel] (f 14 MeV [ellT] I
(M [(Tale [Me Cel T I¢ clIdmmirT]ma fIIIIT] [TTe11alT]
TrIMdelIce [TTT1d: () [Talfil] (e caldldale [alelTallflT]
fUIIM) [eac Il () gelelale [T [ecellalll dala fl1l(le

dellgl] [Icellllg ald [afe [Telallll]f DEMO; (1) deelel]
lle fildallelld ) I dellld[d[lg [f (Te [ad@lll]e1T1Te [f
OaleMall (M (Tgfillald elelgl) Le[ T [Mad @[] ([Tal]
OCrId allll e dellgl) [f [el) [alellall fi1) flille

leaclllIl). Tle clIle T TITTTalf[TITclla delIce MIFMIF

[18] (ITTeTaTal FIIIIT MaéTa T [Tad@ ] FacIIT]

Fig. 1) [ e flallelJ[I1) [f [Ie Blladell AllITacl]
AgleellelIbelllleeJalallald E[11Te.
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Fig. II: Olelllel! [f [Te IFMIF 14 MeV [e[10T] fac ]
fl1Mad @M (Idlel

IFMIF ([lal]accelelalll4d(Mel] (11l¢e (f (el 1001, [[Ilg
LI, 1) [Tcleallléac I ele “LillelTele 1) alllall
LI ¢l IIIMIg [f 92.6% 'Liald 7.4% °L0) (I [IIdlce
14 MeV (e[ 100111 Tal 10 Jale e ¢ LdmIImfillald
Cel 101 (Tec 1T fI1Te fIIITIalf DEMO ald e[ 1111g
FLLIL P leIP@l 10 Tle [T1bl1*Li(d, 1) lellelel[Ta
OlITe [el][f [e¢aclMIT](e.g. [19, Cage 38]) [Mallfalll(m
[elelallcaleglTTeld [T+called delTellT] bleal+[1] [eacllITT]




(Clele (e delle[11falMlalallI0 (ITIIlald (el 1011} [
blITl (alf (e elelgl) [f (Te delle[11), delle/l1] [IMIIIIg
‘eac! 1 11[20] ((I1leMle Jallllc [ fl11Igllcalled bléa (1
leac 1) (I CI¢[)(Te [Tele 1) f (Te dellelI1) I ed
Cff, [@al1lg a flee ([T [([Ile M lalllaf e elelgll (f
e [Tcl g fallldelleTT), [Tcleallleac 1] (I[I¢la
Tel] (I@ble) [Teclell] (M fliled (e.g. 'Li(d,)*Be,
SLi(d,)"Be) ald [elallTalll1]leac 1T I¢[ (e [II1]
fiIl e L0 [Iclell) ale elécled (e.g. 'LI(d,[TT),
"Litd,t )LL) 'Lid,[1)Be, 'Li(d,[d)°’Lly [21]. Eacll [f
[IITe [eacI11Mclalacleélled ba dfffele [T [ic[le
fll] (e [e(IIMIg [el[II1] Nicleal [eacII[ [ale (e
blladelTcl e, alllllTe cel1le [T [lallllefelelce flalle, (e
leac 11 [1Tdlcl) fale all [IINITI¢ Celle ) d BT
Tle OMITIIE [@ac(ITT @M Me 00O (I
clle, aldale allll(le [Dalll (Il l¢e [f 14 MeV el [l
IFMIF [20, 22].

Malella lladalll el Tellllel T¢Il [lable, ¢ TIMITIT]
(Mad (@M1 [ gl alal@b] IFMIF [lacllele 1
[[g M40 MeV, c[LIITITTHale (CW) [ealldelIg[11]
accelelalllll) eacl) delllelllg 125 [JA beall clIlell,] [T
e[ I1MITg (I accelelaled dellelTlbeal ) JLf SMW. BLIII
beal ][] [le a c[Tcale flITIg [T [dlgel]TdelJall
algle (9] O a fLIIIMITICE 2000000 150 L. AbLLT]
6% [ (e c[ T e [T Ma (el TMT1[23], MITIITIdIg
all (Ml Te [T I [ ablT1110" (70000 a biTad
elelglileallalll4 MeV [24]. Alllle elelglldel I 1Ilked [
algelIIabl 111 GW/[J% a [alle [alca [llbe (I 1lked
blallJ[IId (algel, e T a fIIT1Ig [T 1d. OO0
[ OOONMin O [0 [ MmO 0 O0nn 00 000
O] (OO 0T O 000 OO (00 IO OO0 O 00
IO (T (T IOT CT0 C CT (T OO 01 O OO
(I OO0 O O OO0 MO 00 O OO0 O 0 O 0
OO0 OO MM 000 O 0 O 000000 Minn OO0 O 0o o
OIMMOMMOTNOT (e [T e 1110 [ T 1d LOT IFMIF
ab[111100°. Mall] [(Te Lell [[Telellllg [ecellllecllcall
delelll T]elIlcallbe fiT1d [Mlefelelce [25].

Tle Cel TIMTIfIITII e [elTalea fallNff [101d &l ce fII1]
Te [T @lgel) ald [Te [Iglell-ralle (gl callbe
clalaclelled all[11T1d[Tg a dallage [ITdlclIl] [ale > 20
dla/l] M a [T1IT0e [ 0.5 [Mellcalable (11 [TTTe alllld
(1000 [elllg [Teclllell] [ 12 callllel! [Mdeleldel I
cllTed [1[THe gall

IFMIF, [(Telel 1] (0 (M Elglleelllg Valdallll] ald
Elglleellg Dellgl] AclllIe[] (EVEDA) [lale [
(alldalllg [Te [lalll [eclTTI0glcall clall®lgel] [T [Te
accelelallll,) [dlgelald [eé[Tfac I [T [Me c[TTIITeMT] [
flilll¢ale [TTTOTTel1[26] (a del1elll] accelelallllal1125
[JA ald 9 MeV; [llee diffele T [MITTI(BATITe
(ENEA), Oalall(JAEA) ald Oflala UlIlellI); a HIigl]
FIITTelIM[dlTe ald He c[T1Ig gal I T e MKIT ald
SClallSlecllel [ TellTecl [11le [MJalalele ULITelIIE).
ClIclITel 1] allIFMIF Ille(Tedldle Elgleelllg Dellgl]

RellT1lallbeel] [Telaled [ alllll [Te clIIIOlclMT] [
IFMIF [1][Mle ald Celedlle [T [elT][Mall[Te decade
Ilelelellle FLIIMT e[ LTI de laldla fITI01 [elelall]

Cel 1M1 T¢e (IdMTelTable fl1le lell1le[Tafle [ TTER.

(L0 O e (e o

Healllg DEMO [[Me[T1Te M T T Te I TTTIcald
lecl [T 1Tglcal Il 1lgle T Tallllealllg [Tl lcl el [ ]
(Te [I]lalge [Mlallall] AMICE (Mel] Cale adlallagellald
dMadrallagellald all[ll e [ITe [f el [TITId be
elcllded fTTDEMO [Ilice a caleflTallelIllel[[call[TIlbe
lealTabllld[ e afle [ ITER.

Tla [alge elle L) Ie [Ile [f (e delIce dicldle[][el] [eedL]
Tallllg [Te efalllle [f NBI, ald alle[Ilalled f[IITel1] ]
[Mralel) [ Te [11d [Te [Me c Tle[T1TTlke [alle.g. [Ted
allJET, [lMallaccelelalll ][ TTage [T [TITI120 [eV, [Te
OCId [T Lelellale a flaclllll) (f [Me [T [add] (£
DEMO (ald alllJITER). Mlcl[Iglelllallcle e elglellale
(eeded [ (Mle [dlge [f 1-2 MeV [ del[1IMicllle [ e
(TdlTla clT¢ M DEMO [dlT]all BITIMIH el [¢[T1el el 1]
I TeTalle cllle T TTIMMTe [IT]accelelallll][ecl Il e
calllTbe [Ted, alllle [el1aMallll]efflclé cl] I e ]
allllgllaccelelallllJelelgl] Il Tléad [egalllle [IT1][ale [
be [Ted ald (M 1][le ale faced L[ (e fLIMITIMTg [Jallll
clallelge I flTIINBI: 111 [ efflcle[ 1] [11dlce [egalllle
(LT (11 [0 delIgllallaccelelaII [Te MeV [alge ald
(11 [ [Icleale LelIMallalllleffidlelc ][ 11lg a galllalgel]
alJlel1MalMel? (e [T I f (TTg CTTTTRIT AT (1]
Tde MTeIigallI] [27]). TCID [ MIDTe elalllle [Tal
(I1T1d [Miiale [Me dffl¢l 1Bl [f elITalllalllg clIlel ]
[I11])ledge [Ta [eacll)

WALL
R(;ETI\I](%\I CD Efficlelcl]¢p PLUG CD
EFF. (¢ (10 AW 0 EFF.
- “cp Dlep
0.23-0.32
ICRH 60-70% CelTATTIff-al 1] | 0.14-0.22
del TTITIT]
0.3
- 0, -
LHCD | 40-50% | oo -0 0.12-0.15
0.35-0.40
- 0, -
ECRH | 20-30% Ce Taide ity | 0:07-0.12
0.3-0.45
- 0, -
NNBI | 20-40% Celtide 1y | 0-06-0.18
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Tableé III: OlelTlel] [f Te clIlel 1] (1AMl [f al[IT4ll
Cealllg [T1Ie[) (I (1) If (e Gelelalll Efficlé ¢ [tp
(FalINe[Ilal) Walel), C[IIe[ [ D[Ile (CD) Efficle el [¢p
ald e efflclelcIfI1] Dalll g [I1lel ) 1aTa c Il 1]
Lep Hlep

Al [ alllclalaclellllid [f [ealllg gl I (Ie
[(TIe T [(Tb Mg [ Calll[Me [allla cl[IlelT]Tall




[([Tall [ [Tdfced bl [Me [TallflIllel,] [ [Tell [f
elleldllg (e [T1Me (el glll([Mcale [ [Te [T1led DEMO 1)
[TTead ) [Tale [TelalMT1(flIIDEMO 2). TCIT[MelTTelTed
bl [Me [Trcalled cl1le[TdMle efflclélcl] deflled alll} Ry
ICD / PCD (1 R() e ]a[ﬂ]]ﬁdD]](]) [T[Te E:ge[CD
[ad[] [T cale [f NBI, Icp [Me Dagllllide [ Te dllel]
c[1TeT(A), Pcp [Me alTTMalT] Ceallllg [TTel[Ted (W), ald
L [Te [1aT]a del 1100 (11 10%° 7). ALUDEMO 2 [I[allel)
[TeclTalle, M [[Te [TeclalICD el TIlelel 1) [T11 [Te
DEMO 1 cal¢ [Mc[TTIdeled belTT1.

Al [Telllel] f Me [TelelTle[Tec@MITIf[T]Me diffelelT]
“eallllg (111e[1[](Tigel] (1 Table L. Tie CD efficiélcl]
Calllel] ale [dlel {111 [28]. Trell ale clTI[Tled fIT]
clILdIII T [T Med fL11 DEMO 1. 10 [ [able (e
gele@M] efficlélc] (fec[ld c[IIID) [ @lel fIl]
e[ Mg [T} [ITMIMTTIALdTg e facTalllle [(T11¢el]
alllTled 0 [Ie ¢l TTAMMIT T [¢p dO LT T eI TIECRH
(250-280 GHI) ald NBI (1.5 MeV). Of flllal T [T Talce [T
[(Te Calll[1lg [TTlellefflclelcl] [ gelelale c[1lell,]ald a
figlle (f Uelll D IO I e @I FOT e
el [1TeJel I [JIIIM Malllllf (e [éclicl1alllg [TTlelTa
leacllll) [IMclea JTalfl Me I eeded [alllTlle ][]
(10 0 [T e T T beld

I0ITTId allllbe [TTed [Tall () e [I1TIcalllleclal T[]
léad(lg [ [ff-allll cllle 11d[le bl NBI ale [I1]flIIl
[TdelTrd [29]; () LHCD [M[T1del [ T1g [ [le edge
(00> 0.7-0.8); (M) (TalECRH ald NBI ale [1[Te (b I
clllle [Me gelelaled [[llel) (I [Me [lallla, all [TT]el]
de [T LI [T T D el deleldilg (11 e edge [lallla
[1Ifle a1l Te cale [f ICRH ald LHCD.

FLIINBI, a [Tge effl [Mbellg [T e delelll [Iel T f
Te gl efelgl] (gl (ITle (2 O 16.5MW, 1 MeV
accelelalllll] [TTlage) [el1Mallbeall [MlecITTIfITIITER. T[]
[MTTeld [Te PRIMA (Pad(Ta Releal¢[1[TIITER Megall1l]
Accelelalll11[30]) @b [ TdellclTTIIMECIIT] [T allJalll
ellelllel ] MITICA (Megalllll ITER [Ilec(ll] ald
ClTcelT]AdlalcellelT1[31]) ald SPIDER (S(Tl¢e fIT]
Prrdremmry Of 1L [f Dellelil] Elllacled filIT] all RF

[1allla [32]). FLIIDEMO cl 11T ed effl [111[ITbe [eeded,

blIMdTg [T] [Te elTellelcel 1 flIT] ITER, [ [¢[f@bll ald
effl¢le[111] accelelale ald [el1lallle [alliclelallelelglel

bellleel]1 ald 2 MeV.

FITIECRH, [MIg [T1le [Igll fle[Telcl) (250-280 GHI)
[ITT¢e) I (M ITTed efficlelcl] [eed (1) be delellled.
El10mg (TTT¢el] (all Ml lel] fle(Telclel] [1100-140 GHL)
lale clIlel 1M a fallel ] efficlecl {1 ale gelelallll]
(20-30%). TC1Tlc[T1d be [Tclealed, [TTTBIM b [eclTelllg
(Te eleclll] beall elelgll [T [Me gl TN M [delTelTed
cl1lecTIT1[33]. A [[11ble diallbacl! [f [Te (¢ [f ECRH
[M[Te [alge alJ[TTTIf (TMal [ad @] [Malleccl T cale [
bad(ll ab[TIb(g [Td[Tla [¢elallll) allllel] [e[el@11001f
MW [f glMale [TTle 10 be [MIITTITgHalllTd [ Me

delTce ald fllalll alllle al fIITIalMclTITTel 1) [MT1de
Te dlagl 111 [T110) elc[) callllg [TIe[ AN [dlge [Tcall

dallage ([ellllg, blITITg).

100 e cale [f ICRH e [alll defeMIT]elT]eed [ [T
il g [le c g [f [Me HalelJ[Telle ([alge ald
elalel¢cel ) gallbellleel ] [Me allelTh ald [Te LalTICTed
Maglellc SiTface [f DEMO [Ta(Tlall TIMclTId [ [T [T
gl M [IgreliflelTelcle (200 MHL) ald/[T][Teclallgall
flellllg [eclT10Tel M [Me edge [ [11T1de a [Tl agalllg
aleIf gaOMMAITTICE e alTelTa, DM TTCeIIbMg e
clIfellelITef[IMalce [f [Te b[IIIIg [Td[T]a [f DEMO.
LHCD falmaodTble1 Ot dlge dlalce c[ITIMg. 10
add[l] dle [ [Te [alge dellIl ald [el]lelalllle [
DEMO, (e [ale ablI I CeclIMLelMcllle [ e edge
() [T [0 (LTI (e O L Td O T el 1T [Te [allla
clle.

AL I THalfalalel@ [ [@le [T acc[ITTIM [TalTIlg
Ceallllg [TTIel) IfLTIf1TTe delIcelJMTe all[TTTIf [TTlel)
Mal) [0 del1Tled [ [Me [lallla cellel] A clI]Calllll]
bellllee JICRH ald NBI U ITcMe I I MIe T A
glld allTITMalll] [ e 1/e [8lgll [f lelelall] [f a
(el 1MalTalllcleé beall [Mglellbl]

Lngr DEngr/ [180 D (1+HE, 3, Zesr)) DA 1]

O Eng; (Te elelgll[f e [Mecled (e Talall[(TeV),
A [Me alllll[¢ Halllf [Te [lecled allll] ([Malll), ald [} [Te
MTe-alelaged de TII0 (( 102 (1), M I [T [Tl (1
@alel] (MM acc[ITTIbl] [Me faclll][(E,[},Zer)) [33b]. FLIJ
JET, U Exg U 12006V, 1L 05010" 07 ald [(E,[LZer)
<<l [Te flrdLygr [0 0.700, c[Ile [T [Te [ale fI1]Te
(TalMa [ad M aggr [0 0.900. If el a [T1lel] [(T1d be
alllled fLLITER, Ulle lecled [} 0110107 07, (e flido
f[DL[TER 10.357] D]D:g [Te [alle [alle f:DENBlz IZOEEV,
e, [TIMabl 111 [f (e (0 adIIf ITER (arer [120),
0] (1mel) (01dl) Callinl e [[lelledge [f e [lallla [T
Cealéd. T [éacl] (Ie [1allJa celIle [f ITER, (e [Mlecled
‘alllcle elelgll [allelefl e (Mbe [Tcléaled. FITIDEMO,
Te [I1Hge (e[lllelle[ 1T ale elell [Iglel] Il [eacl] [le
cellle.

Edge NBI Cel1la[NBI
[TTlel] [TTlel]
Exsio | Dst | gy de(TTIIIT]
P, (/2 0.5) P, (/a [0.5)
ITER | 1| MeV | 1.40 63% 37%
1 MeV | 1.40 76% 24%
DEMO | 2MeV | 2.80 51% 49%
3MeV | 420 60% 39%
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Table IV: Vallle[If( TTe edge ald cel1Tal I TTle['de [ TIIIT]
fliralrHrallel 1 f e [Mlecled elelgl [ f (el 1Tal D alll]|
[ITER ald DEMO. Tllde dl1 [Mal Il (0 [Te (Tdllla
cellgl) [ellllTgl[MTecT lelelglgllale e[ Iled.




TabelIIV gllel] all [Telllel] [(f [Te [ff-alll) cel Il
de[11T&d ald [TITe-[II1Tgll [(ITle[fLIITER ald DEMO,
flI1 Callil D) Callel) (f Enpr (ldlgel1@0] [TleclM). SCITe-
[T g TeIMeTTall1% fllalcalell e M ed.

Tre [MMallr) [ mran diffele(T1f ICRH (ald allll 1)
ECRH). T[T [ealg CelTld, [T e ¢TI} [ffelllTe
[(TTTbIIM M delTTIMa [Tglfical 1M [algel] flacTlT] £
[dllcled [TTlellclIlel ) Te cellel) I deed, [T flac(OIl][f
[Ieldel[1Ied [ e [TlelTell(/a > 0.5) callbe [lade
[T Mall 10%, [ cleallc[TTmTIM NBI all [MTaled
Table IV. I[ facl,) [T callbe f[IMTel][T1I]Ted. W a
[MITellclllce [f Uale flellelcl) ald [eallllg [celalll]
Ulle [Mall 80% [f (e [dllcled ICRH [Illel]call be
abll1Tbed DI [Te [allla [1Te [/a<0.2.

(MO OO OO e

Tle TelllBleede[!BlallelIMldlle (TBM) [IallellellE[]
c[Teel I e deleMI el 1f a f{1Ile c[1]Uel¢ld [éacl]
[TcJallDEMO.

AL fUITe LI [T e (Tal T ¢ac T LIG [ e [T
Te delI6(II1-[MMIT] (D-T) fCIII1] féac[Il] (I [IIdlce
elelgl] Leed[Mbe M [ef-[TTflcle[[JI[deed, alllll g
D [0 leldllel] ealll I fiid [ [éa [algll ([0 [alllal]
ablldalce [110.015 %) [T dlell T Tlel1MTalllcl] ald
(Meleflle, [MLaAll [ be gelelaled alllficldllll Tle eallgll]
Uall [ ge I (10 lec TeIfIIT] (e Heal 1] Walel]
fIIIIIT) ReaclII) (HWR) [lele [ [ITdlced alla bl+
[(1Tdcl) Plelel 1D (e ellllale [MallablT111.7 [g [ellleal]
call be [Ildlced flI1] (e Dallllgml] T RellTall
Fac[II (M Calada ald alT1lel10.7 [g LelJleal fL11] (10 Tal]
SITTK [Teallléac I

Hilelel) (e [Telalml] [f a clllel¢@lIfIIIIT] [TTlel]
[1all,) [TcJalJDEMO, [lTelalllg alllle GW I [TTel]
lelel, [JMIlelTIle [1Ccll [JTe M), Ifdeed, [el1GW
[1Tdlced ([Melllal) [TTlel) abl1 155 [g [T ale [eeded
flla flIDI Dellleal (FPY), [1100.150 [g [T eI
[TTleldall

Uldelllaldabl(l} [Tele [ [I1] ellTgll [T fI1] a
cllllel¢l@lIfITIII] [lacllle ald [Meleflle, elelll flI1le¢
fITmT T HeTalr T Mrale (Mbleed MO Ceedl)
Treleflle, [Te [f [Oe [lallll [blecllel] [f ITER [ I
del1[TT1ale [Mallle c[TlelTblallTellec I TITgl![MTable [11]
(11T Mbleed [T, bl Tallll el Tfaclald [TTH I[Tbefl e
(ITecllg [Mbac[JTIT[Te fLTIIT [ Tac ITe.

T bleed(lg (¢l T1lel el [Tale [11k delJald(lg, allle
[TTcelT] [T baled [T1 [Me [Tcléall [eaclllT] bellleel] [Te
el 1011 gelelaled bl (e fIIINT] [¢ac I} [@(llg [lace (I
e [lallla ald (e [T baled c[1II11d, fllllg (le
blalle [T 1dTg [Te [T Tleleale (10 [Ible (alll
) (IIdlce [N () [Te blallel EMel bl [Te [elINI+
alllla (0}0) leacI) (11 °LL) [1Ibl) e (1) [10) [eacL (1]
LI b M (I el) ale a [alllalablTdalce (92.4%
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ald 7.6% [ellecllell). T [Mcleale alll]lcllall[IITBle
[Te efficielcl)[f [Te ablTe [lellMled [TcleallleaclI] e
blallell LT elalll [T [T [0 baled celallle
UaleldlblTalllla el I CIMIITEL

AcclTdMg [T [Me cl1le[TITad [Hall Mald CTrdCelm] f
frII0T] elelgl] ITER [igiTibe [Me [0 [T £1T)
lel[lMg el ITTIf bleedllg blallell) called TelIBlallel]
Mrdilel) [ a [eéal] fiII0T) e[ TIIIT el [34]. FIIJ (1D
[T1l1Te, [MTee el lallll [ TIIN[Ibe dedicaled (1] [Te [e[T]
TBMUILele eac]TBM LI 1T [MMIecelle T [MNdel el del ]
TBMLI

AlCTelelT,) Me Mg I Mdelelde 'TBM S[IIe[1[
ale fileleeIf 6 IIIITER [35]:

[Jlle Helll] ClIled Celalllc Bléede /((HCCB) ald
(le LI Lead Celalllc Bleedel] (LLCB) fI1]
MA@ METallarPIIT#02.

[Jlle Hellll! Cllled LIMIIT] Lead (HCLL) ald [e
He I CLIled Pebbie Bed (HCPB) fLI 114 &I 1T
E[TalllalPIIT#16;

[le Wale[ICLIIed Celalli¢c Bleede[ (WCCB) ald [le
DlalCIIIa[TLIIT Lead (DCLL) £ Ta & [ 1]
EMalllalPIIT#18;

Siice [Me [llellel) [Me Elllleal] Bleedlg Blallel]
Pllglalille [al) beel] delelllllg [ DEMO [¢élelall]
blTelcTcel 1) e Celll] c[Iled LCebble bed ald [Me
Celll] clIled MM [éad. FCOObI c[Tcel Il Te [Te [
[T allbléede I laleTd [ [Tbellg [ITT1Ted, bl e
HCLL Bl@TedTeJ MM 1d ead all Cel[1111] [JIIIEL) [Te
HCPB e[J[II11] beMIIIT]. B cllcelll ale Hellll]
c[lled ald [Me [Te [ DallellIIS [leel] al] [IIIcTal]
Ualeld[[36] [Ibellg c[1TIdeled.

10 (Ide 00 al[A0D e I Ced-[Ifflclelcl] e T I

Bleéedlg Rallll (TBR) [eed[] [ elceed [T1TI (bell>1.1).

Tre TBR e [allllbelMeelIMe T [ITdlced [Ile blallel]
[T cllIIled (I [Ie [Td[T]Ja. TCe TBR [alle [II1Id be

[ellJaccllale, allall [TcelaIall[Tlallal11% [MA[Tlalel]
[MIM12 [g [(fT [el FPY flI2(8 GW fIIIITI[TTlel[[37].

AT Tgll [T Crrdielmr ) (Mall el Tel 1@l fac I [dle
[T acc[ITT,) [Te O] CITOTTCIOTE) (e la i) [ CIT e
[M[TIMal T ICdeed, [Te [N bled bl (el I ]cal e [la
(IO -c[TlallITg blalTelTalllbe c[TTIITTTITel [Tacled
blla cliled [T Telalllald [Melllel1Ted 1] [Te [IIT]
LM ble[Tel T Te-MIIIdCcII] IITIe [aclIle.

10] (1T (e [Tecl,) (Tele ale [elela al oAl (11160 [If T¢leel]
T calll) (1T Tele [Tel@lMI1) [11¢[] ale bliefT del¢cbed
be!I1 . FIII] (e TN ECITac IS T[] (TES), [ (Ic(]
flTeléel ] [Tel Tac 1T fII10 (e [T celdll ¢ bed(]
ald be[T1IIT) [ (IIIIEL Tle TES [0 Telalé [)(a (M-
CleIlle [e[mI] [Mea’) (0.11MPa) ald (I c[llall
all[1I11Mael 0.1% [Ile [[dlgell Tle addlnll [f
TdTge ) (1T e CellIT) [Téa’) Mab[TITIe (T feceTaTall




(MelTalcell [Me [T [eleale bl [Me [MI10Te elclalge
Oeclal1Ill. Uldel[TcclrdImITIMe TES accl Il [1MTel]
(Te [T el THaclOIT]fIIT] [Te celalllc bldTed (e ]
Oalll clellcall fImI) HT ald HTO. TlLe [Ible[lell]
felalallr] fIIl) [Me [[IgMg e gal) [T alldIIled
(Mmaled galelT1] cllI[ITell) [MdeleldelT] [f el
clell[call fiIT] (HT, HTO, CHsT, eld) c[IIIMIlell [Te
OO OO0 Tef@adnr] FIadm afféd al [(O0Tale
clelllcall[TTcelTllg [Me MMM [[Mbe leclTeled [ [Te
[TIMTe Selafalr] SCIlell (ISS), beflle [ T [elT]
d[I[TTeall [ Mle SlITage ald Delllell] S[Tlel] (SDS),
Oflell M Me Call [MTlel] feedMg [Me [Hacllle [
delTe(IIT] ald [N,

0.1% H,

He, 0.11 MPa ISS

e |

HCS ;EP'\: TRS TEP
) §\

He+Q,+Q,0

CPS - Coolant Purification System TES - Tritium Extraction System
HCS - Helium Cooling System

TBM - Tritium Blanket Module

TRS - Tritium Recovery System
TEP - Tokamak Exhaust Processing
ISS - Isotope Separation

Fig. I1I. FII1 diaglall (f (Te TES, HCS a'd CPS (f (Te
TelIB@llelMid le fLLITER

Bellde e TES [k b@lTellalalll I be feallled [
all1llel gl [Telll1¢ He 111 Ideed, (e Melllalllllel)
[(falllld 3 GW ([IIDEMO), [el1lacléd bl [Jeal TI[f e
HelIlJ] CLIIALTSITe] (HCS). 1 Ie HCS [k He I ][Jall
a [lelllle [f 8 MPa [II1Igl] e fllll[Jalllald blallel]
clIIg rJdlel) [I[I¢l] alé [lade [II EUROFER 97
Dalle[ 116 [Teell Tre Mlelald [Tk e@lIe 1T [Me
[MIMall c[ITalTlale 300 ald 500CC [eé[Teclell ACTcl
el elalllel I [TT+ egligble [T [ellleallll ! calll1]be
alllded fIIT] [Te blallTel1CdlTe[] (1] e He [TIalll
c[I1d[T(HCS) [37a]

ClITellel1M] a ¢ TelJellallcIled (eIl 11 callkd
CITIa TP IIflcalTI S[Tlel] (CPS) [I[11be dellgied [
(Ide[ [T [@0)(Te [Te [T [elTlealed (N1 e cll1all]
Teall. Tle (M) (&[] [TalfiT1] He cllTal 1 allallll e
belefi¢lalleffec 1T [eel e [T [MIel[I1T] [T [T [Te
HCS, [0 [g [Te (MM [éléate (1) (M1 e aclll]
“alITT [Te cale [fa LOMIT ClIlalTAcc/de T(LOCA)
ald [I1T)alll () [T Te lec[ldalll Jae=leal] clelIl
Mgl Te (Téal] gele@TIT) FIIIMIT@alll] a deellald
c[ITGallalalllIl (f [Te (T11ble caldida’e CPS [IlcelTel]
“allbe callled (11 (I (Tel] [T [Te [elec Nl f e CILIT
al [T 17 [T11e[] ald el glee Mg delTg

A [I1Ible i1 dlaglal) (f [Te Calll (NI [ITce TIg
ITlel fT1Tella bialTellcTee T(HCPB [1JHCLL) (I
TTTI0F(g. T
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AfI@ITER [T T (1M ale [T be [dlel] beflTe
alllllllg alla dellgl] flTTDEMO. ClT]laled (1JITER, [Te
DEMO [elT1Tellel1Tale [1[Te delJald(lg: [Te [TIface [eal]l
fIIT] [Mab[1Ta faclOTIf M @lgel,) [Me fIIITalTad @[]
dallage ab[ 11130 [Melllalgel, (e Cel T HalllTad ablTT]
3 (Mell algel, ald (e [Tecall(Le. [I1][Me flIllblallel)
(O] (Trd eI (Ta faclITIf 10 [1glel[38].

L0 oo o oo 0

TOI Calaglall] [@Mella Cell MITTalT]ald clalelgllg
[Iblel]. ICdeed [alll dldglTTIGl] [Icl) ale clITel T
[Telalllg [ [lelell] dalll [[Tallall] ald ale
[MTalg[ Ml TTald[l] belllg adalled [T be [Telallg [ ITER
callTlbedlecMallTITed IDEMO. W(Ileelel] [Jall]
Of e OO 10 (1 Tbe OCITITg dC1Tg [IgCld 1T clele
blIllg [lallla el LelllelTT[39]. Ildeed [lle allllca Il
a [léad[] [Tale (Mell[TTcléallb[INIg [Td[T]a e[ TIMTT]el]
[Mdlecelal Tl Iblel) DI dEg T T alllldle [
ladlalMl] dalJage, de[ [T [f d[IL) [fllelce [f alllla
[allicé bllIbaldJel L) (e e[} [Igl] feallflllelJald
Ce[ T fTelce [40].

Tle DD T blelTel TRd@g [Tk [0 [MTallall) e
Uagleldldlag 11, [alleadIbe [T gl affecldd bl]
ladf@alr+Idlced clTd eI effec I [Te T T I
[alliél1alIIITe cllle [ e [Tallla [MalllJ[lbe [Ted fll]
[delITfl¢allllald ¢TI fal [T Tab e} SCTelTe
Ulllbe [LITITTTBIe [Mgelallllealllellel I {111 [aglellt
dlagT1Iel] deleldllg [T el [Teclflc [Mealllll [ e
[IIIT) Al alle(Tallle [TITOT fT]0e Healllellel[ T [Te
[Tallla [Tale c[11d be [ [1¢ al[1lel dlag Tk [MalmIT]
dlec [Ted fLOMall T Te [Mle M1 glallle S[f-X-Rall
(SXR) Uealllelle T I b elel ] BLIIIIMIe ] [ 1l la
(T g (T1eldlMg agalllTiad @] Filla fLTI0T] [eac T
allll) elTel T[T delelll] lecl 10T eI fl11Ie delecllT] [
diTmralmicleald elMTIIT [ (Te fIITIalli(allTg [TTell)
alllll[MalTld [alelligalTlelc). Tlele [ecl 11l ellale [Tallllg
Mbe alT1lked (1] @bl Tallll][al1l1e bl le [eed [Mellald
Mele lecl [IITel I [Tdel 1M [T1Tel] algelaleal) [T11g e.g.
alliciTaled bealll) Tre [J-lalliélel {111 fITI0T] [éacllIlT)
e [alll (ITl¢e [f [ealllg [1] DEMO, [llleed [ be
dlaglTTed acclTale(l] Mcld Mg [MelMTal@d b I ]
Te [Td[T]a. BLIIIITI[Ma [CeallTellel T ITallll T del el ed
D[ TelelTdellcellald [lele [e [alea [IblId[ 1A eed fl]
fllmme IdelelMITlel 10 Tle [leallleélle 1T el¢alllg falll
allidlel1Malllla [elll M1l T 1Tblel] (I (aclle, alllle
gcl 1l el] cllle[ 1M bellg elll[llled ale elllellell
dffl¢c[1) [ ellfalTlale [T blIlllg [Talllall MlTe
[MblelJallc elelJale alllle dlag/TTTd[baled [T1(Te [Te [f
falTlllecled [elTMaMfIIT] [elTlalbeal1[] All(Tdled ablTée
[SecMTIII.C, deleldllg [T][Te | |a\ [a [Te, [JLclIlIglel]
accelelalllll] [T1dgellale [eeded, (1T TT]accelllble bl
clllelleclTITglel) LI e [Hallll[1] accelelallI]
(T1Tage c[T1d [MI T [MTe [eleMallT][f [Me falllallidlel]
ald [0 COT1d Ceall [Tall [Te [adl@ll e[Tel[T] [f [IT]




e[l elallle, [MTalll] ald c[IlelT]del 10 [ITfTe] elc.
[J[I1d be [allel] (M1(ed. AL [ele, [ell [Healllellel 1]
[ec[TT0Tel] [eed [ be delellled ald [elled [T aclTall
delIcel) M(Te gelelal) baclTcalleled [el TN [][Maffec]
(Me [Mglall [(T1le Al f [Taclkalll alll[Te dl@dgTTIG]
ald [MelMalllclaled eleclTI¢)alrd [TTTel][Tleldlg [T]
[MalTfel] [t [Me [MfTTalll] [ a fafe dTalce fl1T1 [Te
[Malla [TITg [TIal [TTlel ] 1MTbe fe[T1Ted [41]. B[TITe
ledlced [M@[ITalelc] [f [T1call fible] [Tdel] [elIT]
(Mlad @M1 [TT11d be [IMT g [edlced. M[le gelelal] (e
[Ifllelte [el 101 MAdE M [Halll T1calele e[ 1M Ted [
(Al T1ddg 1T all DelM 1] e [eflgc T (f [T
UllCeed [ be [dled, Halbe [ e Lel] [Iglelelgl]
Lel T gelelallll] fac g e IFMIF (Lée Sec[lIII.B)
OUIMILf MMe Cale [Melllldee dfflc[1Telelaled [T
(e acl[IMIMIIT] [f dald [ dl¢lalgel] Mallale [allllg fI1]
dall] [1J Ceell) cl[lJ[aled [ [Me cllle[1] CallmCl]
dl¢lalge (Me [f felelalllel[If JIel] Ole [IIIT&LT]
clllelTelee [f Mg (11 [Telalllllbe e [eed fl1la
leglldlJcallblallll] [f [Te dlag 11kl e.g. [1be [Mggeled
[ delJald. ICdeed, & [0 e[ I I]el ] a fLIIIT]
leacl[][TelTecled [Mcalle [¢lele dIIIIT [Te eléc M Ic]
ald accelelaled agllg [f [allll[]d@g [Tk c[l]TTel Il
[Ted fI1] deléc] TN OIId OO0 1] eCalllle
callbfalll] [(ITT¢ed [(f CAMII] (IId0 [ be CelalelII]
[MTaTed (e MTalalald [ée[J[1e Jallll laléd.

Pliglel1 I fL I elelgl) [eldlce Mg MTed [
dlag 111 delellI eI [TdeJ Leallle [Te Lecellalll
dala Leeded fl1cleclIlg [le el Dlagl Tl lale 1]
ellel 1@l (I fllllel) MIITe [ [Tdelllaldlg [f [e
[TTTIcal] [Jeclalllll] ald C(IITellmel) [f [Te [lallla.
Becalle [f [Te clallelgelJ[Telcled abl e, [Tcllld [Hellbe
Mall[IfIMTalel] e ale fllded [ accell]MalI[III a
(D Ted [1Tbel)[f dldgl I TIc] DEMO [lbe [lelell]
TOImmell fallall (M edldle ald M TTEITclITelTelce 1]
feedbacIc[TIIITIT e (Tallla: [Tdeed dlag TTIKG[lale [Te
[e[ [111[Mallale [T1T1dMg [eal[Me [Ifl1Tallll] [e[T1led
fl1] [Me [lallla clIIIT] [(TTIel 0] (M [leel] [Me dlffelelT]
acllallll)(Lealllg [I1lel) cllleldle [I16[1[) flelllg,
(allla [[LIMILI0g, elc). CLLIMIME (1 [eall (e [le
DEMO L[lallla [ (alllalll a [afe ald [ellble [lall]a
CelflTT]alce [MIOTTIbeclT]Mg a clall®lge [1[a [Mlkd
fel I f fe 1110 MITTIM T T [MIMETelIMTable [l ellel]
[lallla [IIfe c[II00L,) [ecellalll flTladlalced [Mlallall
[¢elallll[42] callbe acllgled [IIDEMO dle [1][le [allel]
[1gll [TTlbel] [f [el[IT11] [eeded fl1] e [eal-lllle
lec[[TIMTCIT] O [(Tfflclel ) (Tal@l eI f [
(dlla e[ [IIBIIT [43]. Ole [Ile I@IIITIT] [Talleed ]
(I be lelled [ acllalldelIcell([Tefelabln 11 ITER) [T
delelll] ald Tlal[dale [[le(Tlelallle ald [Tedlclle
[ldelMg [T 1M MTalclT1d be [Ted fl1le cLIIITTITTIe]L)
TrImTel 1 fel el le delellTT e [T [T 1Tel dlagl Tk
(Tl aldale [Te lec TTIOICIIIT] [IITTgllcl 1 rallllT] [ [Te
(I (Ted [e[1fdlag Tl [Nealllelle 1T 1]a DEMO dellce.
IOITER [TellleclTIITel1[TTT1d be delellled, [elled ald
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(1100 Med. I alT cale, elel]f [ (Ted, (bl TTId@g TTIG]
O fale [ be [Mlellelled. Tre delelllTlelT] [f
dlagl T[T Id Mg (T TElel T [elela I TTallT]
(1] [Me [Tallla belalIITTITTTId be elclTTaged. A [l Ical]
elalllle cl[T1d be [Me SXR dlaglTTIE clied [Tel NI
CO¢O elTId [TT1IB[M be [Ted [ [ITd ] [ LTI Al TIT1T]
ald MHD [MTTab MTe b1 f c[TIbTed [T CglalTlc
lec[TIMMeI] [ cllId [ITIde [IflITallll] ablll] e
(ld[Tla (Tale, [aglelld allll) (TTT0[el]lelallle elcl] 1]
McleallMalMele [Ma [Tge [eed flllallellelTIle R&D
(ITgfalllle flelled [ [Me [Teclfle [IIblel] [f
MIelellMg dlagl [Tl 1 (e [allll e[ TelTJf a
flLIMT [eac L

(L) Domo oo o oo o
(IO O O O COEm O OO (o0 O O 00

Higl) de[ 1100 [Telallll] [MallelldelTladlallage f[T alTl]
LTI [@aclTT b1 10 T clalle[glg. Tlele ale [elelal]
de[TII MNMg DeclallIl) bl Mele [ [T
clT[Tele[TNe Mel1T] Ole [f Me [lall M0 10 Te [T+
called Gleelllald [N [44] LIl [ baled [ [
e [IlcalICbleTalll [MalmmdEfie I (I e dellce
ablle a (e [leglaled de [ deflled bl [, = 1/(La?),
O e [le [Me-alelaged cel1lalde TII0 ([ 10% 07, 1.
Te [lallla ¢l 1([IIMA) ald a (I []) Te [ 1@ad Il
(COO I Dallnl Of [Te ellIIG c[I114leclI). Mle[lel, [
H-Mde [Ie del[ [0 (1T (1) 1Tall [ale fal Talle
ala Cealed (118, Ce@IecII] JalJ 11l Ide a [T11ble
(T [MalIT11d be e[T1Teéd. F[TalT1@allll] (I DEMO,
(LI (Al [f (Te (Ile ald (Te (Teed [f (Te [ell8[[Ibe
eeded (1) [Ide I [elelale (e [lallla [Iflcle I 1f e
bel[1d e [edellal legII(f e [lallla [IIfIel

LD O 00 i

Reac(l] (e[ 11l Jel 1) fl 1] [Igl) [ [allelJallle fIT] [0
OalllclITIdelalMI1: [IgfIIIITI T el ald [IgIb T
clIlelTIflaclml] 1Ir) adlalced [eelallll, [T gelelall]
allllled [MallTelallll M TITble [ealllle [deallllaglell+
(rdiIdilall ¢ (MHD) [ (I (e (IT*called [L1+[JallI] D),
(JTall (Tdled all [N = 4 [ [} O [y [Te [Trcalled
[TTTalled bela [alle (Le. (Te Calle (f [J[T1Talled (T[T
T (Malle frT0[45]) ald [MITe (MlelfalITd cldlte
(f (e [Td[T]a c[1le[ 1. H[Tlelel, [Te [eéalll] [I[Mc[TId be
(gl Iflcal 1) [MTel,) dle (11 [Me [Telelce [f [elcldlllcall
lealllg (1Lde[(INTMD) [Lele [Hallllde[(RWM). T
[l[Tgale (111) a [Tab[MITg [alTald acllle feedbacl][1[T1d
be (el 1led [46, 47]. 1] (Te [Ibld [egllle, [Te allT1][ M)
(M TTall Hade [Mallly CallelJ[11[113.5 callbe [111d[led,
(Melebl] [TT]elceedlg [T [IT+Jalll (I AL [ele
Celclalllcalllealllg [1dellclTId calle [I[AMITT) ald
c[ITMTI [T1Tg [Tcallled eleclOIT) clcIIMT] cl1TelT]1d[le
(ECCD) [[T1d be [eeded.




L0 OO0 O m OO o e

ITER [[Mbe [Me fIIITIfIIIIT elTellllelT][1[ele a [alge
alJ[TTTICE fLIT00) allTall O[Mbe [TelelId[11lg [Me [Ig]
felflTTalte delTe[IT-[MMIT] elTelMMel Tl A [II[Te
flim[Ta [elalel] e flacml] [f [elfrleallllg f bl allla
[allicle [ [Te Q Lalle [f (e [1allla : f= Q/(Q+5). WL
Q=10 [IITER, [e flId f= 66%; [111Q=30-50 alle[ [ ecled
fIITIDEMO, f = 85-90%. 1a [Tallall[1all]a [Tele eI
a [ellel)[f dllclele AT elgell]ldel] (I (Ie flellelcl
gal [J[f e AL Dale cLIIMITT] [48]. Tlele galllcall
be dle [ [MITIdIGT] e gallll] [Mal g lalll] el
eldl Flellelcl] galll alé OJIIIA[1] becalle [adlalll
ellelded, ealll dallled [J[del]Tallalé [T1][Iblecl]
c[LIMIIT] dall [lg calJel 1M (Mele gal 1) (e[ T1Ig [I[Ie
[T+called TCIlIdallAMCIT) Elgel[ 1) de[1(TAEL), HellGl+
(Mdlced Elgell]ldel](HAEL) eldll). AR [Jldel]call
beclTle [TTlable [ffe[TTaltel[tc[Tbellleel]le [ellcIel]
[f [Tk elelgellc [alliclelJablle e AMIT] [ellcl [ =
/000 (Diele ¢ M [Me [Teed [f [gLL)[], [Te [aglellc
[ellleab I [ [aclI1], ald [ [II(Ie [allldel 110 [f [Te
clalged [alliclgl) I [Me [ldllla) ald e [ale [lale
Celllcll Trele AT [dellcall [ead [ [T [IIT]Lf [T
elelgelld alllTall ][I [TTTIble lelllITIdallage [T Te fII]
[allallacllTelTelce.

DeleclIT [(f alllla [allicigl1a bl IIIlg [ld[1la [Mallllel]
[ TTRTIITIe [Mbe delellled. A clelell[lellld LTI
deleclid(Tec(lll (e allla [allidleé bLIILITIcal effecf [
[lelelce. ILJET [ Lallbeelldell[[Taled [TIlg [Jlall]
[MlgTalllg flI1) [Tcleallleaclll [ Ibellleel] (e falllalllall
ald [Td[Tla [MITIMel] 10 e [elmd CJlel1JET
Call[(MMe TT0Ted O (Te cablI] [Mlellalll(Le. beflle
Mal]2011), [Tele [ele alllall]Tacel ][ f Be [Tele[TIMJET
dle [a Be elalllallll] [ec[TIle [Ted [ clIdIl] [Te
Jallll Galllla LI (e [éacll *Be(*He,[1)'*C Lele
[Ted [ TdMeclll delécl e allla [allidlel1[49]. W [Te
Be Dallll11] [IITalled MJET, [MITMalelIde[Tleac ] T
[Te, ald [Te [alle [M(ITe fLIIITER. FITIDEMO, [Te [al]
(el [ clITTe allllel] [eaclll] all Be [IJ [11] all
all 11T 1Tale [allllalelTal f[la [eaclllIdelT¢e. Ulllg a [II[]
dMelTMITallle][f (1Al callelallalllld [de dellce [le
[J[T1d be able M [e{f 1T 2D [T glalTI¢ [ec T TINIcIIT]
[f (Me allla [TTTTAlMI] [0 (Me [TalTla. HlTlelel,) (e [1all
deleclIT) [TTT1d be [Tldlded agalllllle [elele [el N
e[ J[IIIT) M ITER ald DEMO [ [Teclal el 10T fIMelT]
[50].

(I O COmme Cooe0 O OO e

Bl A ITg [ a clelel]Hall [Te clIIe[ 1[I [[10g
clllelT1dMTe [[Ibl]fleelllyg (e c[Ile[[I[11flk [Ma [T+
leldled [lale bl [eallllg (e [lallla ealll] (I (e[ [T
aflé[] [Me [ld[lJa Dblealdl[T1[] [Ille clIfllellelT]
(M[1ITellelTlcall be [blalled. A [Telcll [f e [e[llg
(IR °f Me [afeMfacT0ale (TTTIC[MFg. IV. PIIfTED
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(0 (T g M [elelTed [Teal 1= ([0) dl/dlelTTeTTTd [
adlalced [J[del) (I Te [J0a flall)[ITfTe [11[Te cellel ]
(Me [Trcalled [Tblld [[de. CrIfllellelT]lelTalcellelT]
fac[IIT) [T] (10 1.4-1.5 [Cale beell [blalled flT1e [Tbiid
[(Cde, ald [Iglel) [allel] f1] [Me adlalced [1Cdel]
H(Tlelel)adlalted [1[de[l[alk a [e[delc][Mbe [II1Idble,
allllelJale clalacle[lled bl lealed [Tel1lTe [IIfBL) [flel]
lead(lg (Mallelcelll[f [Me [ DI [Te [Tallla cellle,
0160 el iéad [T (Mgge (Mg [f [T Tab[II&L]

5 strong

4

- Reversed
3  shear

H .In-ld

Mode
ViOUc

N
\%

~ zero shear

1 <_| Standard
H-mode
00 0.5 r/a 1

Fig IV. Pt [f [Ie [afell facllIf T/H-M[de, [Iblld-
[Jlde ald ad[alced [J[de [TelallTall¢celallll]

DEMO [11T1d dee0500MW [elelécidalll eI (e
glld, alldIe[1Ted [ (Te [MIOTdCemT]Cf MIMalelJ T Tcall
be dile [ a [[I0ed CJall [1J [ [lead+[Tale. 10J CDalll
[Tel 1T TIIdle la [Tead[+[1al¢ DEMO [alla [Tlalllglall
TOMICE c[I1Te e [ [1TalMacle HalJf (Telallll] bl
lelallllelllclalBlgllgald @11 [alelfle.g [Jald
bl TIIMAL] flacllll] (Tallale [aldlll alf@llable [0 e[ [TIIg
[ITallall] Adlalced [1ldelJale allllalllalcaldldalelIflT]
[lead[][Tdle [Telallll] allle [1M1Tg del 1M gladlel1T]lead
[ ldlge (CILHIdCcITe) bl ¢l le[ 10 Hillelel, el
alllll Ceed (ITblld[ & lac(le [éaldMe c[TINL) [J[I¢[1clTId
be [IIbléllall@, ellecld [ [I10 a [MTed (el [f
dlaglTTIeT1d be [TT11ble [TIDEMO, glliel]Mal I T1lla
flac[IT]) [ [Me [TTlel[Jald [Me clIle[T1MclTIIIEblé [T a
[eacllll) M[Te [ecell][INdlel] [Telefl(Te allll elTIlage a
[I1léd DEMO, [ [Te [Iblld [J[de all [Telallllall
[¢elalll] del1[ITlMaled bl (Me [Tglllg PPP&T [ILI1] [T
E[1lTe (See Table 1). Adlallage [f [T1led [Telallll! (1]
(Mall[le [Tdelllllg [lelallall ¢elallll] ale a [Ilcl]
blTadel] [T1TI¢[] bale. A [alllldladlalldge [f [TIled
[Telalll] M [Me [Melllallfalgle [f [Me 0T alllald




[MTcMlall Halellallald [Me blggell [Ile [f [Me [lacl[lle
(Dalmrmldle [M(Te [algelcel IMallTTel1d [eeded), [elce a
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(MTelT11d [S1]. Tle ledl el M clTflelle I ¢lTecl]
[McabTldellcelcallbe ([allll) [TeldlTle bl leedllg [T
[MMTgel1 [52]. TCe [ealTTTIfIT1Mele clalgellale [TTIlel]
[TdeIld ald alée [Iblecl] [f flIIle [e[eal¢[] NLIe
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