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ABSTRACT 
: SOI& .th'ma~ ,eIectrjc (STXI technologics - per&o~lc 
troughs, power'' lowers, and ' dislilenginc ayslens - can 
convut sunligl)t.into clecviciry efficiently end.with minimum 
effcct on. ,he. environment. These   techno logics currently 
mgc f i o ~  devcjopmentel l~ a r ~ y  commercial stages of  
haturiiy..' This pqer surnmaii7a the results of a. recent 
strategic piann,ing effos conduct+ by the U.S. Dcpmncnt: o f  
P ~ w g y '  (DOE) (D divelop n long-krm. straw for Lhc 
develohnennt' of STE lechnologics. The planning kern Icd by 
ROE incfud&icprcsentativcs from thc solar thermal indusw, 
dornestic:utilities,, sfate energy ,offices, And Sunebb (die 
.mopud.iYe ' Sandis National ' LaborabritsMarlonaf 
.R&iew&le Energy l~botatory pemcrshfp that supporls the 
STE 'Progrryn) as well as pm@t dcvelopcrs. The plan was 
aimed atlidentifying Specific sctivities nwssary to nchicve 
W D O e  $sion'oF20 @gawalss of instdlcd STE capacity by 
the p e r  2020, 
The pla~inini kam developed fivc.stratcgics rhRt both build 

an: the s@en@s of, end opportunities for; STE' lechnology 
&nd p i d y s  &kncsscs.and threats. Thcse slr&gics arc 10: 
a Support . future .cornmcrcisI opporrunitics for STE 

teclao~ogics 
'D&on*te Improved performance And rcliabilfy of 
STP, components &d systems 

e ) '  D.evdop~adv~CCa:STE syrrms and applications 
' 0 .  ,Addressnontechnical barricrs and champion S'E powcr. 

' 

' 

. .  

' " *. Red+cSTEcnagycests ' 

The, details of eadt of these smgies  arc discussed below. 
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INTRODUCTJON 
Solar tfimd cicctrfc (STE) powcr i s  generated using hm 

from the 6un. Solar collcmrs concentralc rhc sun's cncrw lo 
produu: lcrnpaatllrcs bcrwccn 350n and 800°C; this thermal 
energy is convened to clc&*city using convenrjond or 
advanced heat engines. Although US. induslry has many 
options for designing a solar thamal system, the following 
three major types of technologies are currcnlly under 
development: 

Trough svstcmcl use linear parabolic conccniralors to focus 
sunligl?t on rcccjvcr tuba locakd aIong the focal line of the 
concentrators. A h a  transfcr of1 is then hcalcd to wound 
350° 400°C and used to prodllu? &am La drive E 
canvcntiond tuhindgencrator. Trough powcr planls have 
lm in comrncrciai urn iti California for more than a dccade, 
with 354 mcgawatis ofeIectiic (MWc) capacity in nine plants 
ranging from 14 to 80 MWc each. 

Power tn- systwns tc)ncentmtc sunlfglit using B iicld of 
hck6tm that individually rcflcct solw energy Ib a d ~ c n a l  
rcceiver mountcd on top of a ccnrrally I O C E l d  tower. 
AItliougli many working fluids and a mgc of mpcrnmrcs 
are possible, U.S. indusiry favors collecting the solw heal in a 
niuarc-sdt working fluid, which doublcs as x i  storage 
rncdfurn. Wiicn cicctrfc power is nccded, s ~ m  is g c r l ~ d  
fmrn heat sbrcd in rl?e salt,the steam thcn powers 8 

convcntiond Nriljndgcncrntor. AtI~ougb there arc cmnomics 
of scaIe for all powcr rower syskms, they arc USII 

Instaljarions as smdl 9s 30 Mw,. however, mny bc economic 

considered for installetjot) of 100 MW, and larger. \ -- 
MSTRIBUTIUN OF THIS DOCUMENT IS UNLIM AH 0 
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for so*e..deRigns. ,power, towers ~mve never: becn used in 
tommud$ ,mjications, Uioug~~ a nrirnber ,of dcmonsiation 
md pf1ok.plants.h~~~ betin consrnictcd worldwide. 

PMdehaihe deam tskc a modular approaih, to build a 
,comp~etc:'po.wcr q&vn at a s a t e  of 5-5Q kilowatts of 
elccthuly: (kW4. 'mis 'vproecli uses a parabolic reflect03 
with ri high' concenuarioh mth, focusing sunlidit on B 

meiver/chgine package mounkd at the focal point.,, Most 
systtbn6 undk devcfopmcnt today use a Jhrnarlc Stirling 
&&inc, with Braymn-cycle cngincs as an; ~Iwr~mtivc. 

'Dkh/m&inc s y h s  are duncntly undergoing rapid design 
cvofution, With thc%sl 'amincrcid sales .possible wilhia E 

The U.S.'Dcp&cnC of Energy (DOE) envisions P world in 
which S'fE tklinplogies we a significant and ejrowing'patt of 
die global energy supply picture. According; o this vision, 
fiiw tkclihologies will provide eiivironmcntall~ m i n d  power 
fo the utilfty grids ofrlie.world and touch the likes of rnillions 
OP pco@ 410 Would othcr~isc be wilhodt elecvic power. 
One key 'mcestjrc o~success in rcwliing this vief6n would be 
the ~ n m k i o n  d . 2 0  gigawms {GW,) .of: solar lircrrn~~ 
cl$tdc power by tl1c..yc~r~;l020. Allhougli tfic world enqgy 
myka' for' solar i+ennd cleclticiry will be brovided by A 
numbn: ol: multina~onal ,comp,nies, die DOE bragram works 
to: ensirre; that.U.S. Indusvy will be thc mLrkct lcadcr in 

In 1996,' DOE began lo dcvclap a 20-year strategic p l ~ a  tn 
idedlj! )new scl of gsalsmd strofrgics for i19 STE progrmn. 
The need for this &akgic. plan WAS drivcn bi tlircc f.aors. 

.Firs4 .e.'numha of rnultiycat technology dcvclopmcnt projcc& 
were coming to pc-sfui conclusions and. raised the 
question *What's next?": The sccand factor WRS the merkcls 
for' STE:tcchnology., Tfje. rapidly merging dcrcgularibn of 
fht'U.S. .Utility .industJy is clianging domes+ rnar~ccts ,for 

. elbctricity with a speed unpsrallclcd in history. The Uijrd 
:f&r ivss rremendous diengcg In the compding cncray 
t&!ihologfks; For cxamp!~, in IiuJe more IIih a decode the 

.United St&s hmid ionc Eom tremendous c o n c h  rcpardhg 
natural. gm avliebility. (includidg convcrtihg ' natural: ga 
,power planb to .mal firing) to hying  hfmrid ly  Iow natural 
gas pficcs, highly dcsirablc combined-cycle fechnolo&es, and 
tl!e widely held.,peneption (right or wrong) bi~r nrtiirel gas 
WiIJ bciinqensive fbr.a long time to comc. I 
The p&Ceis that, DOE used IO develop thc stniqic'plan 

bcgm :wfth'jnpot 'from recltnology cx:pcrls in hdusby md 
Suri +Id&, tlic ' inwlaboramry organimion sre~tcd by die 

. pkrmersliip of *e Narlonsl I ~ e w a b l e .  Enci~y  Idoratmy 
' WREL) wd:Sandfa.N8tionel Laboratories. DOE dicn chaired 
' a'slwrink cammiltee that included both DOE and Sun+Lab 

to us0 dils input to fomulak and wrlp &mal draft 
' versioris ofthc plm. These drafts were Chcn rcviewcd by key 

. . I  

. .  . .  . .  
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few ye&; . .  

. .  
' 

' s~pplyipg .STE teclinoJogies. 

' ' 

slakeholdws,bcforc $E final vcrsion was produced. 
, .  . I  . . .  
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THE STRATEGIC CONTEXT 
The DOE slecrlng comrnitm uscd an mndysis of llie 
fiVdigtlis, wmkncsscs, oppomnitics, and llire~ts (SWOT) to 
sa die stags for makfng decisions on lhc fulure dircction of 
rlre progrorn. The SWOT ~f ldys i~  is a ainmon proccss in 
swatcgic planning, providing a fromcworlc to catcgoizc a 
wide army of inpurs from technical expert8 in B way that 
focilihtcs dccivion making. l'lic kcy rcsiills from die SWOT 
mfilysis wc dcscribcd below. 

SW?3JJrn 
In E world with growing dcmmds for cnvironment~lly 

benign powcr, solar tlicrmal clccuicily 11s tlie advanme of 
being the least costly s o h  clccuicjty for grid-conncctcd 
applica1,ions e.vdd~Ie today. Mcasurcd from aetud InfitRlIcd 
syslcms, 1Ac most rcctnr 80-MW trough plants producc 
clcctrklly with t Icvcli7zd energy cost (JXC) of about 
EO.12ikWh. This is onc-half to one-third 9f the pricc of 
tlcclricily produced from photovoltaic (PV) tnstnllolions 
today. Projcckd costs for cmerging technologies are cvcn 
more almcfivc. Molten-salt power tawcr systma, whicli 
linvc bccn si~cccasFully dcmonsrmtcd al: thc IO-MW, pilot- 
scale Solw Two plaiif promisc IiIgIw cfiCjsncics and lowcr 
costs than trough sysums. Sevcml studies of the moltcn-sdr 
power tower sysmn havc projected energy costs of 
$0.1O/kWh for tl)e first pfanl. wilh corn ultimately declining 
to less than f 0 . 0 5 k W l ~  New hybrid gadsolar syslcm designs 
of dicsc 1.cclinologics also show promisc for snbstantid 
reductions in 111e cost of eIccWicif.y in die ncxt few yetus. The 
intcgratcd solw combined-cycle sys~ein (iSCCS) for wough 
syslcms uses naurid gas cornbudon in a combfncd cycle, 
adding solar heat in the bottoming cyclc. Anotlier design. die 
KoldiaIa concept for powcr towcrs, also uses both namral gas 
and solar he31 in a. wmi~jned-cycle cneray convcrsion system. 
Both of thcsc syslcms show promisc of reducing tlie cost of 
solar electricity (witliout kctoring in dilution o f  llie wst. by 
cheap natural gas) by 50% or more. 

Using II flrermal procccss to generate rlcclricity AJIOWS STE 
planrs to clrwply and efficiently cxtcnd operations bcyond 
daylight hours, so Ihat plants cnn be as dispakhable as 
convenl.iond1 fossil-fueled plants. M.oltcn-sRlt power fowcr 
systcms can incorporate incxpcnsivc t h n e l  encrg storage 
to providc operatioiid Rcxibility. Hot salt con be storcd for 
liours or even dRys with efficiencies of 98% or more, 
allowing ncxibility for opcrntions rlirougJI wcaher VaJ2Sienl.s 
and into evening Iioors. Tlic amount of storage cm vary 
between fractions of  on hour m 18 hoim. dcpcnding on the 
ca,p~tity necds snd load profilc of the utility lyrplication, 
Aiiothcr opllon fa acliicvc opedona1 flexibility is 
hybridization, using fossil fitels as a backup for s o h  cncrgy. 
Sbregc md liyljrid opcrations allow for a firm cqacity value 
OP STE plants and for prodrlction of clcctricity nt t i m a  whcn 
it has the highest vaiuc, and reducc thc overall JiPX of Ihc 
plant by amuflihg fixcd CORE over more kilowatt hours of 
power production. These advanlagcs have all been 

. .  
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result in production economics and lower costs. In dic long 
tcrm, con61~nt and high demand for solar systcms will allow 
monufacturhg cconomics of scale Oiat a n  rcducc coas by a 
factor offbur or more from today's Icvcls. liowevcr, with 
today% unccmin murkcts it is cxvcmcly risky for industry to 
tool up for solar manuficbirhg; l.lcncc, dic high cosc of solar 
componenwj ltw remaincd 5 major contributor to !he high cast 
ofthc lechnology. 

Anorher. wedcness that aEccrs ernerging STE lcchnologics is 
limited operaling cxpcricncc. AIlhough this docs not apply to 
llic troiigli teclinology developed by LU% (which bas many 
years of reliable opcrating cxperience), newer tcclmologics 
such i d  powcr towers, disldenginc systems, and advanccd 
Vough designs such a5 die ISCCS and dirccl smrn gencrafion 
llsve heen deiaonslralcd but do not Iiavc lonp1:erm reliablc 
optrating cxpcriencc. Although diis is likcly to dwngc in thc 
ncxl fcw yews, it currently is a. wcakncss for tlic ~cchn~logics 
in entering !he msrltet. 

OoIaortunCUos 
Tlicrc nrc a number of ncar-term opportunities for 

comrncrcial dcvclopment of solar lhcrma[ kchnologics. 
These opporc.unii:ies generally involve either njclics wi~liin 
existing markcls or arc rcfntcd lo growing conccrns about dlc 
impact of cncrpy dcvelopmcnt on the local and globd 
environmcnts. And even though diese nrc not ncccssarily 
large or slnble markers, they reprcscnl openings for inilialing 
commercial dcploymcnt of SIT Icclinology. 

inlcrnRtionaJ markets ofler nurncrous opparulnitks for STE 
dgloyrnent by U.S. fndusrsy during rhc next IO to 20 ycars. 
~ i c  benefits of t~iesc rnarlccts arc significant. ~ o t  only will 
export markcts m a r c  U.S. jobs, bur. dicy also hclp rcducc 
costs for domcs!.ic spplicntions through economics of scde 
nnd teciinology advsnccrncncs. Tiicsc markets arc arIr8ctivc 
for S'TE today bccause of thcir significant diEcrcnccs from 
llic U.S. cncrgy market. Currently, more !lim 40% of the 
world's popula1:ion is widiool power, Asia and Larln Amcdcn 
will cxpcriencc some. ofthc highcs~ g r o d i  in powcr needs in 
die near tcnn. Dfsldenginc ,systems provide an alf:racl$vc 
allcrnnfivc Io djescl generator scrs in villagc and remote 
powcr markers, Mmy of the developing counvics wirli Jar@ 
powcr nced6 have silcs with high direct-normal solar 
resources; exainplcs include h d i q  Indoncsia, Mexico, Egypt, 
China, South Africa, Argenrina, t3r0Alt Pakism. and Turkcy. 
An additional fepturc Umt ltelps to make thcsc sirm alhacl.ivc 
is ilic availsbility of financing incentives. Key dcvclopmcnr. 
and finencld institutions (silch as thc World Rank and i1s 
GI01301 Environment Facili!,y .[GEF]) arc beginning to 
considcr rcnewables in their tcclinology portfolio6 for new 
power projccrS in dcveloping col~ntrics. The GBI' h 
paflicular has C61&Iished a program of providing' up to $50 
tnillion in subsfdies to solor fcchnologics lo faciliim thcir 
market cnlry. 

Nichc markers exist wlicrc fuel priccs are high or in which 
economic value is placed 011 dic renewable aspcct of energy. 
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. ?horc arc, ' &e& ; of dcse ' possible 'market oppdrtunities, 

. : 0: Hi&-$due, mnrkers. socli a6 Ifnc-suppoa (domestic) rind 
: indislrl$ customers' with die need for rdiabIc power (in 

0. . .  domcstlc. end :intcmationd 'Iocadons that lack die 
i infnwbaure to Zakc.8dVan~lge af low-priced fossil .: fuels; biri have j p d  solar insohfdon. 

r' Jnkgratibn d STE ikclinologics with other rencw~lAc 
; kcr$y nsouicee. . For, exmple, STE systems mrdd 
: 'provide a good addition for kaintrics . th~t use o I q c  
! akbunt, of hydppobct, becake solar dcctricity O I J I ~ I J K  

jncrc-s during dry, 3casons and dry ycan when 
. . .  h~dropbwer output';s low. They coiifd also bc addcd b 
1 many wind fa&e io increase dsytirnc. or dispa.~chd,lc 
; powerbpahilfties: , , I 
i Dorncstie and' international utility set-asides for 
i rencwable encigy ptojccts sue11 8s tliosc implcmented or 
: propod by some etrs and solw cntcrprisc zones (e.g., 
i Crilifo'ornia, Mzona, Nwvadi~s corporation for Solar 
: Tcclinology end RE~EWRI>IC Resources [CSTRRJ, and 

0 Recopition by a number of western US. f i w s  that bdr 
region khould' seek it5 &upply. 10% of ils electricity from 

' rencwablc souiccs: by 2005 aid 20% by 201 5, 
hlthoigl~' 'udlity &&fairing in' the TJrhtcd States will 

~!n~eesf5cojhpctition and dFrcase: prices of clcwicity, a sidc 
.benefic of.r*c!uring for STE r.cclinologles will 176 dlowihg 
cu&mcr..chojce for dieif power rmpply. U!iliiy restructuring 
may fucilitkc ,die em&gcnce of "green power'' markets, 
allowi,n& S'fE tcelinology to grow' in d)c 1J.S. market wihi i t  
having t&'&rnpeic .against fossil ii~els solely on thc basis of 

' . COG.. .A hurnber pf'r&i markel surveys conducted by 
' : klecnic utilitics end O r l i ~ r ~  indfcalc flint 10%. of their 

average of 1'5% higher 
bJecrric. bills to.fmproVc the cnvirenment dirougli thc use of 
renewoblb energy. Qreen pricing hRs heen inrroduccd in five 
kdlity s*i' arcas andl proposed in eight oihcrs, and similar 
~progmrns have been sd,optcd by mimicipdilics In scvcrol 
$%ropcmiti&ans. ' ' ., 

[Threatrr : 

including: ; . .  

: dweltipiirg couan'es).. . .  

0 

' 
' 

I '  

. : Roja.sfan in bdr8). j 

. .  

' 

, 

. 'cummcrs. arc ,willing 'to . p ~ y  

' 

. . . .  

* The host signjficant r h r e  to's& technology is that I1 may 
pecumc idcvant  .in Ihe energy markel, With no current 
&rhnercial des. it iaIpffmJhle &at clie ma.rket for "green 
:power" will 'become' saturated h i  or lw rcnewaWes. At the 

. .  . : s a m  timq ihe markctj for energy as B whole ifi B ficrccly 
'cornpctitivc 'one, wi& ~ O S S ~ I - ~ U C I ~  teclmoiogies conrjituing to 
jhprovc' in: 'b;odt eflicicncy and cost Significmr cost 
:'reduci.ibns:and~ 'the sbjlity to. cspmrc largcr market larcs  
lrcquire:srili of Sm in aie'markctplacc. 

,. The p r k i  of bssil 'fie1 is R re' t l i rm N&raI gas is 
: hrrently.widcly avallelsfc and in&pcnsIvc, a i d  is cxpcmd to 
f aay h ~ :  .way' for :nr:.~cem I 5-26 y w s .  ~escwes  of odicr 
j fossfl' fuels' are ; dso ' suijstalantfrl, eltliougli, enviroiiiaents~ . .  

' .  . . .  

concerns may cvenmally rcslnc! their u5e. 

STRATEGIC DIRECTIONS FOR THE FUTURE 
Tlic challcnpe thrt nncrgcs from rJic SWOT analysis i s  how 

lo furlhcr drive down the costs of solar tlicrmal rcchnology 
while avoiding losing major markd opportunities to 
cornpcfing tcclinologics andlor foreign industry. nie 
mntepjics selected are designed lo meet both of tlicfic needs. 
Ry suppoding near-rcrm opponuaicies, US. indusy  can 
provide cummcrcid volidaljons of dic most recent solar 
rlicrmal kclinologies. This will help ln cmhlish !lie 
~cchnologics in die market, but a die samc time will providc 
die opportunity LO prove and fud~cr develop Ihcm. The moa 
iinmediafc challenge dim bccomes hclping U.S. indusby to 
exploit near-lcrm opportunities in high-value niche markcts. 
7'11ir merkc; foothold will provide manufacu~ring expcricncc 
thnt allows cost rcduction. It will 8160 provide 8 lruc 
commcrcid cnvironmcnt to prove thc vdidiry of advanced 
components developed tlirouglt rescsrch and dcvclopment 
(WD). In die Iongcr tcrm, 86 industry enter6 bulk-power 
rnarkcts, the propmmatic emplinsis can skiR to providing 
specialimd, Iii(ih-tcchnology engineering and lonptcrrn UT) 
in auppofi of d v m c d  and innovalive ncw technologies. 
The fivc slraregica discussed below will bclp DOE to fulfill 

jls mission and whieve il5 vision. 

Skrtrgy 1, Sunnort 1:Lc next commcrcfrrl ODD ortiinll:jc,s for 
f lE  tcclmalnal.c$. STE's most critjcal ncar-&rm nccd js IO 
lmild plants in order 10 cstablfsli the cosb and performancc of 
the currcnt Keneration of STE systems, ul)idi arc 
stibfitantidly bcuer than those o f  11ie misting parabolic trough 
syfiIams opcral.ing in California. Opcraring .vsterns in 
cnmmcrcisl cnviroirmcnts prove die VUE rcadincss of the 
icchnofogy in a way that dcmonmACions and pilot plants 
cannot. T h e  systems will elso facilitale future cost 
reductions by hiiflding up manufacturing volumc, increasing 
lcerning cffecTs. mid reditcing hid and overhead cosls for 
industry. The profits from construction and operation ofrhe 
plonts will provide indudry with funds for rcinvcsljng in 
R&D, which CAI) be Icvcnged with DOE investmcnls. A& 
described earlier, R nurnbcr of viablc new opportunilics for 
solar thermal power plants arc on tlic horimn, including 
World Rsnk opponunitim in India, the SoIm Enlcrprisc 7 ~ n c  
in Ncvadn, and various stak govcrnrncnt initiatives in 
Calffomln, Arizona, and Ncvado. 
Thc DOE roic in lhfs srn.tqq i s  I critical one, I ? d  onc that. 

must ~i~pport and fallow industry leadership. As indusiry 
develops opponunir.ics for projects, DOE will provide lhe 
unique capabilities o f  Sun @Lab 1.0 rc6pond to industries' nccd 
for @chiiical asslsmncc. Examples of dijs expertise include 
systems analysis, pdormancc mtimalion, rcsourcc 
asscssmcnI, and other critical suppott DOE will also use 
Sun+Lab to provide de6ign essisWncc, tcst and operation and 
~nainltnmcc (O&M) axpcrtist, and odicr specidiiscd 

~. . . .  , I ' > :  
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4. Dcvclon ndvrnccd STlG svetcrn s and 
@cations. The expansion of STE into bulk-power 
marlccls requires advanced Icchnologics that can only be 
developed through a vigorous, focumd R&D program. Thc 
program will pursuc advanccd devclopmenr o f  componene 
and syskrns tmgctcd tg improvc current syctcrns. Areas such 
as altcrnstivc storage systems, engincs and power cyclc6, and 
working flirids will Ire addressed. This work will be 
conduclcd In close mllnhoration wid1 indusby, eneun'ng that 
cflm?s are focused on tlie most prcssing areas. In sddidon, 
the program will ruppon research on liigli-risk, high-payoff 
"rcvolu tionary" 1 ccli n o l o ~ y  im provcments, processes, and 
applicalions tlut offer the p0Ecnthl for dram& 
improvcmcnls in performancc. rcliobilily, and cos!. A mall 
podon of p r o m  resnurccs will be used ta fnvcstigale 
advanced marcrials find concepts thal the emerging solar 
Qcrmal indosfry hsrj neitlwr tlic resoura nor experrise to 
address. 

$f:rRtp= 5. Addrcss nonteclinfc~l barrlen and e l w n p ~  
STE nnwc& 'Bringing sny ncw leclinology to thc 
rnerkclplace b R difficuk task In fhc casc of s o b  tliemal 
power, mmy. of die barricrs m n o t  be overcome by teclinical 
adumccs alone. Various nonlcchnic~l issues, such as 
rcductioii of risk in suppon of fow-cast financing cquibbfc 
lax treatment and cncrgy pricfng retdve tn odicr 
redool?gies. end recognition and azcepuiicc of Ihc valuc of 
mlw thcrmd's environmcn&l benefiis, can play If-important 
roles in when-indccd, whctlier-n new technology such as 
STE cm pcnctmk today's highly cornpcdlfvc energy marltcts. 
The. program wifl work to cvaluarc and develop policy 
recommendaxions on tax treatment, energy pricing, 
cnvironmenrcrl bcneflla and innovative financing altemativcs 
for STE. These activities will bc carried out In new mategic 
pamcrships witJi indiisrsy and organizations such as thc 
WorId Rank. inkrns1:iond energy dcvclopcrs, independent 
power produccru, and environmental groups. These 
parl.nerships will hclp Io cxpand t l ~  solar UicrmaJ indos tq  
bnsc nnd prornot solar thcnnal as B solution for energy and 
cnvironincnbl problems worldwidc. 

CONCLUSION 
The fomscd progrrun of rcscardi, developmaif and 

demonslra!.ion (PDkD) that has been conducted dlJring rlic 
past two dccodewid dic know-how resulrhg from this 
RD&D- bas posilioned STE tcchnologics on d ~ c  brink of 
hrosd commercial epplicdon. However. In ordcr for these 
t.cclmologits 14 cnler domestjc and internelional markets, 
DOE must conlinric ilr; efforts, both with fndlislry and in thc 
R%D ercna, to rcducc costs and improve relihility and 
pcrformpm, wl,ilc also addressing the many econornjc and 
politicel harriers faced by my merging technology- Tl~tsc 
cflorts arc parl of DOE% plan fo make U S  industry R vita! 
pliiyer in provfdbig clcm, economical energy throughout rlic 
world. 
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