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INTRODUCTION 

In 80lle countries notablJ Australia. Israel. and the USA there has been a 
sustained programe or solar energy R & D since the air'Jle o!' this centur1. This 
progr ... e was accelerated in the aid - seventies wen there was an increasing 
awareness or the finite nature or conventional rossil !'uel reserves and o! the 
!'ragility o! a world energy economy based heavilJ on petroleu• products • 

Over the last thirtJ years t!leref'are there_has been a continual development or 
products designed to harness the incoming strea11 "l! solar electromagnetic radiation 
by converting the energy flux to useful heat. Products are now. in SOiie cases. 
C01111erci&lly available to provide a therllal. output at various teaperature levels 
which can be 11atched to the load requirement. 

Acceptance and use by the public in aan1.countries has o!'ten been dictated by 
the local eneru cost ractors and by the politi~. decision llliaking process rather 
than bJ the technological feasibility or the solar f)!"Oduct mider consideration. 
There are aany papers and bOoka written which deal -(~_th the institutional constraints 
llilitating against the introduction or new solar t.chnologies into an existing energy 

- infrastructure, e.g. HEEDE et.al. [1). 

In recent tiaes with the app .. ent •oil-glut• on the international aarket there 
has been an increasing tendency to decry the uaetulness ot solar energy in providing 
a substitution rcr conventional f•ls p.·relJ based on short tera economics even 
thor..lgh the stability ot the international oil delivery aystea baa not been laproved 
in the.intervening poet OPEC tcraation period. 

SOLAR THERMAL SJSTEHS 

AnJ overall sol_. tberaal aystea is aade up or individual components, md 
aub-ayate• deaigned to cope with the tasks ot solar radiation collection, 
C?nveraion, therllal tranapcrt, and storage and delivery to the load either 
(1) in the rcra o! heat u in a solar illdustrial prooeu heat aystn or 
(11) in the roraa ot aechanical er electrical power as in a solar therllal power 
systea., .l'ee Fig. [1]. 

Solar collectors. 

The •lfOrking heart or an1 eol• therllal •1st• le the sol .. ener11 collection 
device which ie designed to oapture the inoomna solar radiation and oonv•t thl• to 
output heat~ AnJ euoh collector auat ha•• .., ab.orbi... • ... ,.. ot hilh aolr 
abaorbtanoe and preferably ot low intra-red •lttMce to optiaiH the oollectian 
process bJ llinillieing the intra-red therllal louea. In praotioe •uoh .... racea are 
knOvn u •lectl•• aurrao... The HOOnd NHntial rut .... ot 8UOh a dnloe 11• 1n 
the pro·1iaian or tluld fiOlf ,..... .. to allOlf ntraotlon tl'Oll the abaorbtr or the 
therllal· •er11 OGlleoted • 

To increase the UHtul operational tellptrat.... ot a collector lt. beaoll• 
MOelHl"J f;4) 
U> proY'ide better therllal 1•ulatlon or the ab80rblnc •1-t., 
(11) to prcwide a oollMtor OOftr trw,.,..m to the 1nooidlll 10lar r.Siatlon ad 
op1q• to re-ellltted r8dlat1on (uauallJ tCll'IMd tro11 11-> md 
(111) to adnlld• or ellldnate the lnternll hut trenet• etteot1 ot tree or natural 
OOllYMtlan. 
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Lov Temperature Collectors. 

This design process leads one through the unglazed !"lat plate collector 
conYentionallJ used tor awiming pool heating and tor low temperature heat supplf to 
heat pumpa. through the glazed nat plate collector in dOllestic and industrial hot 
water s1stem to the advanced !'lat plate collectors such u honeJcomb collectors and 

• non-concentrating yacuU11 tubes •• Charters [2). see Figures 2 l 3. Each or these 
collector types has been exter.si Yely denlopecl oYer the last 20 years and a sumary 
o!' SOiie data relnant to their use is ghen in Table 1 • 

• 

• 

• 

Typical low te11perature collectors !'or therllal applications at temperatures < 12o•c. 

Collector Type. Materials Max Opratlonal Approx. coat 
r....,..ature US$/aa 

Unglazed collector Synthetic Rubber '- ,' 

(Fig. 2 (a)) (IPDM) llO•c 60 

Glazed Collector Cu or Al pl~~~-
(Fig. 2 (b)) Glass, acr:Juc·, or ao•c 120 

polycarbonate coYer 

HoneycOllb collector Aa aboye plus glaas 1oo•c 150 
(Fig. 3 (a)) or Tetlan.honeJCOllb 

Yacuua tube collector Glaas tubes 
(Fig. 3 (b)) or 

Glass tube plus 12o•c 150 
Cu or Al plate 

• ConYentionally working tluid 1a water or air but other options such as heat 
tranar.. oil• and retrigerant tluida have been U8e'J. 
• Coete are baaed on selling price o! collector llOdulea, and· .40 not include 
inetallat!.on coats. T~ical installed coats may be aa hilh a8US$350/a1 • 

Table I 



- 4 -

• 

Figure 2(a) 
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,. ...... ,., 
:'igure 2(b) 



- s - . 

• 

• 

Sdlmattc .r nac.nata C.11ector wltll Slat CS1. 

IDEYale (JIJfCIDI. 

Figure J(a) 

--

• 

• 
,• 



-6-

Solar Ponds. 

Another Vilf'.iant o!' low teaperatur& collector which has been developed and 
partially eo11aercialized over the last five years is the stratified water body known 
as a solar pond (Fig. J&). This solar energy collector lends itsel!' to large scale 
use in rractice prOYided there is availability or land, vater and salt at reasonable 
costs. The operation and cost economics o!' ~uch ponds arll! highly site specific 
because or the wide variation in geophysical soil properties and the large ~ 

variations in material costs at the sites chosen. Typically solar ponds constructed 
in the USA. and in Australia have cost between US$J&0-00/•2 to US$90/a2 and have been 
able t.o deli T&r tberaal enera at about US$5/GJ to US$10/GJ. Lover cost figures • 
reported !roa Israel shOuld be treated with SOiie caution as their site conditions and 
brine availability, close to the Dead Sea, provide specit'ic adyantages to such 
coliection srstem. The largest pond built to date co•ers 250,000•2 (62 acres) at 
Beith Ha-Araya - TABOR & DORON [J&]. 

Medi• to Higl! Tnperature Collectors. 

For purposes requiring heat supply at teaperatures tn excess or 12o•c it is 
necessary to proviOe some aethod o! concentrating the inCOlling solar !'lux using lens 
or •irror systeas - ·rig. 5, 6. Currently all comrciallJ a•ailable concentrating 
srsteu are based on airror reflectors and the concentration ratios (based on area o! 
aperture to receiver) aay range !roa 1011 tor low concentration line tocus parabolic 
troughs up to 300/1 !or a solar therll&l neliostat power tower s1ste11 such as in Solar 
One, Brstove, California or !or a point tocus paraboloidal dish syet•, STINE & 
HARRI GAN. - [5]. . 

It should be noted that as the ~centration ratio increases, in an attellpt to 
achieve higher operational temperatures, the cost or the collection process will 
increase substantially due to the increasing accuraCJ requiNtd tor sun tracking. 

Because or this.increased complexity and cost se•eral propoeals ha•e been 
considered !or !ixed •irror assablies in Milich the absorber el.ant is constrained 
to track the sun. Such collectors based on he•ispherical diahes can be operated 
under higher wind speed condi~ions than the power tower or dish plmt, 1188 Figure 1 • 

. Some typical data !or concentrating collectors is presented in Table II. 

• 

• 
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TJPlc:al Cancentrattng collectors tor uae at aed1• to high tellperaturea: 15oec-55o•c 

Collector tJP• Materials Ku. Operational Approx. Cost 
T...-ature ., .. 

YllCuuaTube · Glass tubes 
(Pig. 5· (a)) or 

Glau tubes plus coo•c 250 
Cu or Al plate 

.. 
Parabolic Trough Rear a1lftr8cl glass 

(Pig. 5 (b)) ld.ITOl"a plus 350•c 250 
ftCIMI tube 

Paraboloidal dish Rear a11Y.-ecl glaas 
(Flg. 6 (a)) llllTOl"a 650-C 300 

plus aetal al>eorb.-

Belloetat tleld Rear a11Yerecl glaas 
(Pig. 6 (b)) :drrora 520•c 200 

plus •tal bOll• 

• Coete are baaed on alllDI price ot 0011.otor 80dul• Md do not Include 
1mtallatlon. 

TJPlaal lmtalled •Jllte9 ooeta UJ be aa bllb u ust150/ ... 

T•le II 

: . 

• 

•· 
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1ISmm. STOl&CB sm - SISIW 

PrHeaurleed mcl ...,...._leecl nuld uaer.al Storage tal*a. 

Becauae or tbe lll&h ooet or cr.-lc beat transter tlulds conaldltrable ettQ-t bu 
been dewoted to tbe uee o!' water er ateea u a storage mecll• ln preaauriaed weseela. 
BC111enr, tbeae twidlnt coat AYinga ........... t ballftoecl br tbe coata asaoclated 
v1tb b1gb preaaure.atorage tmlm eg water.at 300-C requires a presa1re ftH91 to 
vltbatand about 9 IPa(cr 90 atllaepherea). Rl&b temperature aptem tend to uee 1...-t 
·.0114 •terlala or llllh tta.....i caPacltJ', aucb u rock, to stare ..... Such a 
·~ •nc ret'Nctorr blacka .... trm lftlO wlaka ... been aunnted rcr uae v1th a 
lll&h·-.,..ture·eloaed loop "811• apta W [6]. 

, ......... tberml !tar!p mt-!· . 
TM uae or p11ue a111mp mterlala ... been videlJ ean.....S· rcr tber8al .. ..or ... 

el-ta ........ or the pot.tlal to 1aereaae tile __.., denaltJ' or the atol"age t1ua 
reducllll tin on:-all atoraae tank •1• and coat. Thia brlap lnto pl.,., bDIRtYer, the 
need tOt" an ln-tmk ... t esebanp element careruur clealpecl, to take into aeoount 
tbe lar tberal dlttuah·4.tia oc•ODlJ' eccounterect vlth eolld phue cllange materials. 

POWR cmvEllSIOll SIB - SJSTllB. 

It tho ultlaate al.II la to achlwe IMICbanlcal ar electrical 11Drk output !'rm the 
eolar input then lt la aaentlal to consider the range or power conYeralon det'lcee 
aYallable to pertCll"ll aucb a taak. 

At the lw temperatmoea anllable·trm non-aoncentratlng collectors lt la 
~· to uae ·Rankine qcle plant. The prS. llOYer in tbla cue _, be a 
reciprocating engine, a 8arev expander, er a t..-bi• unlt. Flulde co•anlr UMd 
lnolude ateaa, toluene, or one or a·large range or refrigerant tluida aucb aa Freon 
R-11 or Freon a-113. The timl aelect!on or fluid v111 dePtftd OD the oomparatlft 
CJCl• th81'11al ettlcl•ner and oYerall ooet etteo\iYeneaa ot the plan\. TJ'Plcal cycle 
tberaa1 etrlclenciee range tl'Oll 5S to 8S dependlnc an th9 uxill• crcle temperat&re 
aYallable tor the aol• oollectora, MACDOIALD [1]. 

At the high tellperat..-.. potentlallJ' aYallable tl'Oll oonoentratlna collector 
•r•tem the Ohoiae ot tbenlodJllUdo cycle 1• videned '>O include Stirling cycle 
11111 ... Cotten BHOOlatecl vltb point tocua .,..abolol'"i. dtab •J8tem) •d Joule (or 
Br&Jtan) crole plant ua1ng pa t1rb1nea (otten ueoc1a ... .c1 vitb helloatat power tower 
•r8tem). Once .-1n tJPloal crcle thef'llal etticlencl• ot the prill• .,.... r-• 
tram 171 · to 351 depending OD the mill• cycle tellperatwe anllable !"rm the eol• 
oollectora, ... Figure 8 • 
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SOLO ..... APrLJClTicm. 

Thi "ee!'ulMU or ao1.. tMraal aollecttma 41eYlau ... ..._ llllPlJ cl••anatrated 
an a Nn&e or qro-lnclutrlal tood and allmleal proaeealng pl•t • wU • ln pw 
product.Ion and total _.., t•Ultl•. 

T,Plcal applleat.laaa coulcl lacl'*a 
Flab tW111111 

i. GreellbDuee and epme heating 

• 

llr oondlt.lanllll and ret.-lpratlan 
rooc1-ac1 .,. ..... proaeea1111 
Dalrf paet.eurlaatlan and et .. utsalan 
Deeall•tlan 9lld crop •11111 
Remote _... poNW aupplJ 

EllOh or these appllat.lana ... been d11t •tr•W uelng ane or otMr or the eol• 
tberul collector •retw deacrlbed ln p!Wdlnl eeetlans or title ,.,... 

COLLECTOR TISTDG, CERTIFICATI09 AID STl91RDS. 

Becauae o! the need to rank the relatlft ••antagea and dlaadYantagea or sol• 
collectors and eolar thermal BJ•tem conalcterable vark baa been carried out to 
deYelop national mcl international (ISO) atanclarcla tor collectors. These -include 
•twiala standards and 111n1- theral perrormnoe standards to"enaure that the 
equipiaent will satlatJ the requireMnta or the task in hand. 

Most or the industrial Wlita nov produced oa•eroiaUJ are ll8de to hish 
e~darda or workmanehlp and backed bJ standard cc:1•1rcial warranties on •twiala 
and equipMnt, GOS1WtI [8]. Thia le m eaeent.ial pre-requlalte tor •1 major llOYe to 
wtdeapread use o! aolar theraal conYereion teohnolog and should be oaretullJ 
oonalderecl bJ acw ...... mta md Induat.rl• .... 1, an in the .......-ch, deYeloa-at and 
eo1111 .. c1a11sation progra1111e. 

COST IYAWATIOI or SOLAR TlllRHAL PLAIT. 

Aa all sol• equip..at in hi&hlJ capital intenaiYe it la -.eential to carr1 out 
tull ooet analJeea to eYaluate the benerita in the long term or installing such 
equip!l8Rt, Charters [9] .- SOiie or the relwmt. ractora to be considered in auoh an 
evaluation using lite cycle coating and discounted caah now ;.;1al1aea include, 

• The lite expectancy or the plant and ayate• OOllPOftenta. 
• The rate or 1nnatlon in the econo111. 
• The pNYaiUng dlaoount rate. 
• Tne prevailing capital coat• or t.he plmt. 
• The •lntenanoe and operational ooeta or the pl•t. 
• The eataated rate or 1nnat1on on OODYentlonal .,.,.., priaea • 

With the inclusion or auch raotora a realletio appraS.al cu be giffll or the 
ooet etteotlYenea• ot the-eolar thermal •1•tem u compared with ite OODYentionally 
t'•lled oount•pwt. 
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Fer aol_. "*"-1 proaeea .... t plat tlle illpar.tmt ._......._ vlll be tbe total 
installed oaat ($) md tlle nl• or tlle tlwrml. ......, . a-eratecl in $/G.1 as co.pared 
vlth tbe ooeta of proyidlng tlala _.., bumlng cmn•tianal tuals. 

Fer ml .. tMrml pan19 pl.mt. an t.• otmr hm,d. tbe ec:aaomic indicators vµ.1 
~ oapltal aoet/untt ,...... or _...Ung oapMltJ' ($/kV) m4 the annual.teed ~t or 
u. eleatrlcltJ' ...,..w 1n cllclll. Ia -t ott-grid a:.ll•tlana the. ampe~ing • 
•J'ate. v1ll be a rel.atb•lJ -11 aade dleeel _..tar aet. often bad!,. -tchecl to 
the lmd md poarlJ' mlntalned a0 tbat the ...,•ting ooeta ~lag diatlllate.11111 
range r... USllOc/ld8a to US$2.50/lclll under tntl~ Auetrallm 'cutbllclc:' condlt~ona. 

TIPICIL SOLD TBllML PLAIT.IOR DIDUSTlllL PllJCISS 
mT • POWR GaaATIO.. 

anucatton <~> Collector TJP9 1fcrlclng Fluid Max 'T' 

Textile dl-Jlne Flat plate vater/ethJl•• 132-C 
collector- glJOOl 

Bleaching Proceaa P_.abollc tl"OUlh Pl'Ualriaecl Water 216•c 

Concrete Curing Point Focua Pruaurlaecl Water 1•9•c 

Application (Mechanical or Electrical Paver). 

Irrigation Schne 150kV• Parabolic trough Calaria HT-•3 288•c 

Total lnero llOOkWe 
626kg/h •tea r ... abollo SJlther• 800 
•68kV cooling Dl8h 

BltotrlcltJ 225kV• Spherical BOlfl Water/Stea 

lltotrioltJ 5 Mlfe Solr Pond Brine 

lleotrioltJ 10•• Power TOlier 1fater/Stea 

Table III 

Proceaa 'T' 

aa•c 

175•CI0.86fl>a 

158•C/0.52fl>a 

Toluene 
268•ct1.31fl>a 

Stea 538•C/6.2Mpa 

Orpnlc nuld 
15-eo•c " 

• 
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