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W.b

Tlw cost-optimization Pm.Aure uwd” gwey ● cost-optimum

confinement time r~ ( OF7’ ). The requwcl confinement IS then

compared with pedtctti~ of plmnm confinement, TE ( PH )” 5 I

Fw the pu~ of this study, ● global physta scahng based ●!ther

on Nao-Alatalo or H-mode Ka~Goldston’O (KG) results IS used.

The refAorwhip bet~ current density in the superconduct.

iq tmoidal-fidd coil (TFC), j@, (fll A fmz), ●nd tk fdd St the

windings. I?c. ( r ), m giwny in TabbE I The relation~hlp b.st-n

B, and L3tc rL giwn by the rmml ●x- for the msjor-radml

fd+ff of rmqrutic W. With tfwTFC current density. J@.. ●nd

tlw FPC ~ry detarrnined, the cod rrwsmI can be computed

Tfw Gawomwk roacta powm balsnce increa~ the 14. l-MeV

fusion-rcwtron ~, PN, by the blsnkct emwgy multiplication,

AfN; 30°ib of the dpha-p-rtick ~, P., ●nd current-drive

x ~i=~ to t~ *Oma (1 - frD )~cD. ww~r~ ●s kw+
wade hut, The “available” tkmal -r, ~TH = AINPN +
tJ,7(po + JCDPCD ), is corcwrtad to th4 total ckctrkd pomr.

PET = WH PTH. with ●n cfhckncy ~H drtermimd by thr Mank?t

(ire. primary loop) rnkt ●nd outkt tmmpwmurcs Onc~ conwted

to ktrtcd powa, tti fraction fAI .Y = IJ.M of PET ismvckd

don~ with PC@ bock to tiw -r pfant, Civmg t net-clectnc

-r @@ to PE = p&~(] - f~[,~) - PC[l.

2.2 Ecmmrnia

Ttm basic -onomic rrwthodo@y ●nd fmsncml pmtmters

uad to detwmiru kwfird power costs mr~ deuwd from the Nu.

char Erwrgy Coat Data Baw (NE ~DB) 21 Tlw NECDB rnethodsl.

-y was med to calculate tfm quivsknt fired chsrg~ r~tc ( FCR )

on capital, where FCR m ● fact- that multlpbes the mitml cap.

italimd invostnwnt to SIW tha oquivdent ●nnual cost of chsrge4

rofatd directly to tlm mitml investment Both nominal (mckks

inflation) ●nd constant. dohr FCRS am gwen in Table i Tlw nomi-

nal dollar rote produc~ btwhmd costs th~t inclu& mflatlon EWII

though the comtant-doh FCR IS used. tk calculmwns of rwerw

rcquwwmnts lwdmg to this rate include inflattm ●nd sre u4bse-

qwntly aa uttcd to tiw constant-dollar rote The cuwtant.doflmr

( 1986). ~<wlIzed C- of obctrltity (COE) IS the qwwbnt ●nnual

cost of d cost components dwl&d by tlw ●nnual +ctrlc power

~oduction ●nd II cnprcsd SS foflows
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d l’hc ~pcmlwnce of

COE on th Tr~ bslloemng-ti hmtt 1’ II ohown m FIg 4

Pushing ntabthty.rolatd bats hmtts b~yond the nurnwlctl Troyon

Iimks had! only to small mduct+om m COF but mmo+ shortfalls

m thio timlt dramatically mcrca~t CM A raductlon m tht Troyon

cwfllcttnt frwn O 04 10 0 03 with J concomlt~nt rcduc~lon tn +

from O 10100075 wII mcmom COE by ●bout 7’* Gwwrtlly th.

tcAamah bswcaw I*s optlmolly at the “knw” m the curv~ ~lven

en FIg 4
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Iabelled SC’(O I, with the mmtmum-COE dewgn point bcln[ 2-3°.

lower than the bmecaw ●nd shdtmg from If.( = 10 T to --11

T StmWn ●k on FIg 5 ● i curve S(”’(tII IS the rtsult of uslnt ●n

●ven tie ~resslve macnet CJetlgn procedure ●nd ●xsumpt~ons “

By dwldirtg ● given TFC mto four subcells, ●ach operat)ng ●t ever-

mcreawrrg valti of the critical freld I! can be shown (Appendix A,

Ref 9) that the •verag~ curren! dtnnty ,n the wlndmg psck IS given

by Jti(Af A m]l = 71 (1 (~o.416)2] important (*l3°.)re-

ductionn m COE we p &hcted i tlw ●~resswe desIg. ~opc+ed m

Ref 9 is Mapied The Impact of coil cost ●lorc.e on COE IS xhmvn

om F* 4 Lx thebawcaw

U15 Ecwf9nx qfJuII. The dependence of COE cm net

drctrlc pmwer f> the tokamak ba~caxc was determmed ●nd

co+n~d with ~rmcd-water (frssim) reactm (PWR) -r
~tii n T- ~ng~.pmnt v~tws did not ●djust th mag~tlc

fwld to I-old rwutron wall haling constsnt, wfwch fm {iven beta

wilt g,VQ ●t MO.( ● f- percent “diffuterws~” to tlw cwrolatrons

Th wortomy-of-scde curvm wc tpproximstdy described by ●. .

-II-: funct~s (COE ~ 1 ‘+E) with I king O 49 f~ tfw
ba~ ●nd O 45 ●nd O 39, rmpectlvely, k+ tlw mmhum- ●d

bett-cxpmtxncc PWR casew tne bawcme lrns bet-n these PWR

C4m

~.~~~~tiw, The radmtlon It{etime of the

f,rst WSII ●nd blankat structure, l,(. T(A/l:’yr rr,] ), chtcrmlrws tlw

plant factw ● wIl ●I tlw ~ratmC cost, with ?~l Af II .UI ~nl]

btng ●uumtd for Ifm ba~axc Tlw ~.sl!lvity of COE to /..,

II ●nprctcd to k Srmtcxt fm those systems that mcrcase 1,, ●nd

FPC poww dw-mty to ●chmw rcduccd cost A scrmus Agradstton

of aco:mrmc Parfwmmce fw 1,, r -. ILI AJII yr n12 it found “

with on 11?s mcrcaw m COE ●t 1. r = I() ,1111 yr ~n~

4’0

MN5S RJWER CIES4SITY, MPD (4 Wo/[onno)

Fig. 5, Impsct uf m

r

conductin~ (SC) COCIP+wmsncc on basecaw
cconomia, with SC ●) bmng ●n advanced dtII n from Rtf

?h
7 ●nd

SC(b) tin ● ●dvanctd &si n from Ref 9
/ J

● Impact of ●pply
kdwrant u my cr?ditc to -c It ●ccounts IS #lm sh~n

TABLE II. Effect O’5J@e-Poirtt Vwbtknts/

Uncwlaiwlmm Bamxwcost’”1
Chnngc

-_&&m

Troym Cvtfhc !.?, L3B4rl,’1. = ,04’~1
● Rxduccd from O,CM to’O 03

i] = 075
7



4, SUMMARY AND CONCLUSIONS

T~bk II summarizes the impact on COE of changes ,.

the main baseca~ pwameters The magnitude of the= COE

chmges may noI ●ppear srgnrflcant in comparison with the ovcr~ll

uncertainty m p-r plant costs H_vcr, the rel~twe cost

effects s&vrr in Tabk II should perwst lrregwdless of the ●bsolute

coet ~heu rolatwe cant dtfhfmca cmvey real mwthts ●bout the

cconotmic effects Impncts of th uncertamlw As one ●xample

of the i Watt of these uncertaintia, a 10”. COE uncertainty IS

equivst.ent to ● chsngc m m-mud revenue of --35 M$ yr fcw the

rdmenccd 1200-M We ~ plsnt To provide both ● contrast

●nd ~~tive, four other ●ppro.sches (I e SSR, SHF, ST,

●nd con~tional) to the tohmak pcwer plant WP examined”

but rmt &ribed exphcitly be The COE ~o~ted fw ●

- pl~nt bawd ~ v~! 1s ●nd yet-t ~be-schwved]~ physia

+ms ● range hewn U to 72 mills kWeh, with ●n optimistic

●xtrapoimkcm of ttw pr~t-day dat-baseo] J pAlctmg ● value

of --53 mills,’ kWeh, this latter valw of COE IS cwnpetltive

with ●lternattvc enercy -,cw, ptiiculwly with ●+vmnced fissron -

~r systems Ahhcwgh not cxammed directly. the resuhs

gIwn on F~s 4 ●nd 5 gi~ m-ne indication of the impact

Of mccnt tdvances~~]~ in increasing the crirrcal temperature

{m ccramlc supaconductw, the major Impact of tk.e higher-

ternperature superconductms -Id b? in (a) opersting at higher

fkfds ●nd current densitia (Fig S) ●nd (b) reducmc the

thicknms of blsnk~t ●nd shield (FIg 4) becsuw of wrhanced

r~iat~ tokrsnce; undm tha Optlmlsttc ●ssumption that both

cfftits am ●dditwe, ● cmt reduction of =26*o m COE could

r-k In sumrrwry. hith beta, cfitcwnt znd ●conomic current-

driw sdwrws, knd, m high-pwfcwmancc superconducting msgnets

rtpwent r(IJp kwrate isum m dictatinC the extent to which

physia rrtuit be pushed to maintain ●n cconomlc edge fm fusion

power thrwqh tk tchmak route
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