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CSP
CST
CRg
DNI
ET
ENEA

FR
FRs

He
HRSG
HTF
IEA
IST
LFR
LFC
LS
MATS
ORC

PB
PCU
PT
PTC
PV
SCA
SCA
SM
SM
SEGS
SEGS
TES

Abbreviation

Concentrating solar plant
Concentrating solar thermal plant
Geometric concentration ratio
Direct Normal Irradiance

Euro Trough

L’Energia e I'Ambiente

(Italian National Board for New Technology, Energy
and the Environment)

Collector heat removal factor
Fresnel Reflectors

Hydrogen

Helium

Heat Recovery Steam Generator
Heat Transfer Fluid

International Energy Agency
Industrial Solar Technology
Linear Fresnel reflector

Linear Fresnel collector

Luz System

Multipurpose Applications by Thermodynamic Solar
Organic Rankine Cycle

Poise

Power Block

Power Conversion Unit
Parabolic Trough

Parabolic trough collector
Photovoltaic

Solar Collector Assembly

Solar Collector Array

Solar Multiple

Stretched membrane

Solar Electric Generating System
Solar Energy Generating System
Thermal energy storage systems
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Cla o b Bl A it 48Ua 43l (heat transfer) )l JUl Ca ey
Nsie Gl g G sl Oz oy (B8 all s 53 (A 8 e Laild 3 ) sl
3o all Jnl 3 el jelas

o) AN Y A N ALK (e By ) el Bl JlEsl e 5 ) sl Jlasl )
JUn) (8 el (e 43 Jagny Lae 48k80 5 ) e da o Lo a0 ) Ladic
Gaany o golall dalll g lall @il Locail ayad ) ) al) A8l
Bas g5 ya Aad <l Ll i 13 g el ya ()18 () ) Joaa Gy
Lo 138 5 ca V1 alaW1 L Al Ala¥) e Laila (o) all JEY) Ciaay
Y A il Al a1 sl Al JUl ) sy ) el Seliall S o gl 50Ky
«Janlls cJrasill :oa ok A0 5 ) jal) Jis o sUal (Say 81y cadli] (Say
gEY

Lain gale oy 35a s ) ling deall 5l Jp o gil) Adaal 55 48l Jlail )
OST3eliSy Helay g la 3L JEY) (5 b 2ling ¥ ¢l iV Gy yha e JEmY)
)l JUil (8 sk iy 2 b Laid 7 g0 8

Aol g AT ) s e diasilly 551 jal) JiE 5 :(conduction ) Jra sill -
31l Qi) 5 salall ABSYAS ja (gl (50 (A sl paliail) ol ol Jacas)
e Jomay e e sl s Jaean (s ) jise Sl 8 5S4 S8

i guall) 2l gl 33,0 yadl JUES) (e g 5l 138 Easy s (convection ) dead) -
bl o Wby bl sall 2y 5 Jal Lel e oW @l (el i
G s bl il e AS el dai Jaadly ) pall JLEs) a5 ol sl
Gl sl pall da 50 8 lghe Jil (5 AT i ja g pabaaai Eum s ) pally Aless
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) e Hhan e dunhling 5 Sl s sall JEGI sa: (radiation ) gleSY) -
Balally Vordie 050 Y o) 05 8 A £ DA Al

8 Ayl yad) A8 55 A Apul¥) il Sall aal g ) jall Jis aile )
¢ sed) Jie 3,1 yadl Ji5 &l g (pe Adlida £ ) gil a5y Apusadl) ALY ol Sy Al
organic ) 4 sa=ll B3l gull 5 (thermal oils) 4l adl &g g SN/ clall
(liquid 4Ll Galadls (molten-salts ) 3 el #3aYls (fluids
(melting Jleai¥) ) )a Aa )y Jie lpallad alins iy metals)

. (corrosion)JSUll — (thermal stability) - ) sl Ul temperature)
il g laiall o aall Y sl (a5 ) all Ja ailed Ay slall ) gall g i) o 5S
Al ABUAI ) 3S e Al 3 jal) 0 wdle Jbosa (1) IS5 peaa gy Sl
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o
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:(Types of heat transfer fluid (HTF)) 5__a) J& aila g1 i

(Synthetic thermo o0il) delibal 4 ) )a Gip) .1

(thermo 0il) &)l s Gig ) (oonsd Japill

25 (e SH die 4l dpadll @l 38 el dadail pran 8 aadie ailall 138
(Sl adadl) i s Cildasay Al

afde (3l Ulal ) (eutectic mixture) ¢ el fals (e 5 5le g3l o2a
Dbl Ak (o il jlguai) Adasi 4l SIS 5l (piinle (e daslie 58 ) (SSis
Sl Alia o ga gl any G LT ) @l S5 degia AT Laslaa g
.(biphenyl / biphenyl / oxide) Sl 2l A (ya (sl
(Therminal VP- 1) & (Dowtherm A) :alaainy) xils &) 5V (1
Aloall Cis N Cige 5 Ol aee (1) dsds moas

) Al Ciga il g g &l jaaa (1) Jdota

gl &) Jaal)

Gl Byl a dla ) e Aadlicdaais i mda i o

400° C Js») 83 gaaa (20° C A1 12°C = SIs»)
(ol Jlail) 8 JSLse s APRA B PSP S [

el Sl @ o) 35 ja Cla o
asendl JSLia o Jaill Gpuend) Aumidiedag)l o

35 ‘;‘ZS‘A‘P)L&AQ&M‘ ° dsuau'au';i\_g)\)ﬂ\

3)a Gl o vie Al cuail (b (Jiall )y 5 Zeual)
Jarill Gyl ye ge) JSUll e o

74 M) dadije S o ol dala @il aladial

; (p2S/ 5052 (i

Lle oYU 45 )l Al A8Jaa & @
Ly i OS15 adaadl) Jias
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(Mineral oil) dsiaeall &gy 3l 2

ale 4l ya duad & S je dlana Jgf oLl aie gy 3l 228 Casadiul
1985

Andaall gl Qg 5 Gl e (2) dsas ma s

Aismal) Gga 3l Qg g & e (2) doi>

< gad) &) Jaal)
500° C (e leliyl yndn e = oead i dga g dlla &
ey aay O oA alas o)) gl ¢ e

b S il HTF padiey
Aiamall &g 3 Y (AT
Croad Jan g Ll liad

A sl

(Molten salts) 41l =3y .3
e AN #OLY) ol (e dalida gl il 2a g3
.(brimary mixtures) & s =
:(solar salts) Al
% m/m : 60% Na NO3 @ 523 9a &l i
40% K NO3 a5l se i

(ternary mixture) o0 bgls =
(Hitec il au¥) ) (s sme e =l
% m/m : 7% Na NO3 a5 s Sl jis
53% K NO3 ol 0 Ol yis
40% Na NO2 a5 50 Sl yis

% m/m : 7% Na NO3 a5 s Sl jis
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45% K NO3 p sl 52 ol 5
48% Ca (NO3)2 psaudlS i

:(mass fraction) wi Ais!) jusl)

SISV el ABS N mi Lo sale A Apss e 3 jle o celiasl) 8
m/m % =4 s wi=mi/ mtot o) sl mtot

A ()8 L3 pealinl) ol 4585 8 addiag Y S G iay 130
AN AN ) pealial) aa] A1

A 2OV e 5 S Saee (3) st sy

A Y )5l pallaad (4) d s> s

Al Y G g 9 ) Jpaa (3) Jg2a

gl i) Sl
dadl jo denida ) m BJ\}Q\;)Jg‘aﬂ "
Yo O Sal &y e (600° C =)
B o HeSI cpanal) sarasll JSLik dsngaxc  m
(ALl gl )50 asan SLicaa iy

(W10 ST Jss)

Q\P)m g_u]\.S_a [

(p28/ 5,52 A 0.5
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Ll 3WY) g1 5 pailad (4) dsia

hligh | &gk @l
< i) Gy L uailadl)
] (Hitec) solar )
Hitec ) (salt
(XL
500 535 600 © C 3,y da 0 ol
120 142 238 0 C aan ik
1992 1640 1899 300° C xic 43l
(kg/m3)
6.37 3.16 3.26 300° C die 4ax g ll0*
(cp)
1447 1560 1495 die 4, Hall dad)
(kj/kg ) 300° C

Al o oy o) Aie gie a5 ¢yl Le gile dia glie b Am 5 U
Oboall aliE s e wile da g 31l LIS Al gl

L Canans A pall a5 50 Gl dpallas e 32a 5 e 3)Le(P) (Poise) Jlsd
(Jean Louis Marie Poiseuille) 4x)) s s o ol Ol (o dl) (A jasll
Eﬁu&bﬂ\h@bﬂd‘s sttt ey ol (e e A0 (sl g e i
(cP=1072P = 107* Pa-s) 46, JSuly Ma | Jabay ) sasiies |

:(Steam / Water) sall / S0 4

Al Ao gana o5 (B Jadl ey b)) all Ji aileS aading
obaall / Al Cisae 5 O jaas (5) d s ma

slaall / S Qi gie 9 Sl Jaaa (5) Jsi

o gl &) aad)
oateall G gnilh ALY Aadi jo Jo graa  m 2aaill JSlis 2 gagpre ®
(5100 S ss) o) Sl sgmg e m
C;JQEJ\.)Q\AQJJ(;?SJ\;%JM u dsm\dsm&;;}em u
¥l Jsh LpnsalSiangy =
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A 5l all J8 ile gl 5l (ailad (6) 2> s
G.}.J:.A Cuy e

OsSibw Cu)y o
<l i Cy“i °
i Sl e
(J) psiism @
51 ad) Ji adla ailiad (6) Jss>
Al lpagall | 4iall daddl | da )2 (o ha gl £ 3
(K) (Cp) s
(w/m.K) (J/Kg . k) (O]
0.12 2600 300 (e S )
(mineral oil)
0.11 2300 400 = lbhal Cu)
(synthetic oil)
0.10 2100 400 O Sl )
(silicon oil)
0.50 1500 450 <l i =Sl
(Nitride salt)
0.50 1600 565 < = kal
(Nitride salt)
2.0 1800 850 L S 3l
(carbonate salt)
71.0 1300 850 (Jls) a 530 oaa
(sodium)

Cp = specific heat at constant pressure
K = thermal conductivity (heat conductivity)
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(specific heat) 4e sill 3, ) -
oAl Al e salall e al e glS T s ) 4 33U 5,1 jaldl 4peS a
Bdw\d);ﬁdic}____()\Ag‘;‘\;Ld\dj;ﬁdla)'&)\)ﬂ\:\;)ﬁgé)#ﬂOjd
8l a5 Jleeai¥) 5 ya salall 3885 Abeal) Alal ) ABLLY IS (e

(thermal conductivity) 4 =l 4d pa sall - -
Bl il saldd) A0 ) s 3 salall Al o eLaasSIl g 6L 5l
RS/ e/ 5 Bas 5 La Balad Ayl jall 4 g gl il
AU s (550 La gae Galaalld 3ol ) 8ol (e Ay ) el A gia gall alias g
e lie Al 5 LAY Wl dadl) 5 aaall s ulaill Jie 4y ) jal)
JESTEN JENU E ES
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oA Q)
4 ) ad) ABUal) ¢y JAS Aala]
Thermal energy storage systems (TES)

Al 385y (Sl Lyl 2230505 Apunaitl] 28U 3 53 L 5l 955 (O a5 (o
B G 530 G Lehigads A8l oda aaendy oy Jiine sad (uadl)
te Al Sl lal gall 5 4 jlanll i ) 5il) By sk e el e S Z LY Lgaladin
Clasdsac 4l 5 Ll V) adac ) sl iUl G e il Apsadll A8l () a2

sl asa g die 5l Gaadll i Ladie alaia ¢ o AUl L) () Lea

b el Cum il 13g) gaaill GHkl mail (e gl all oAl ey
3 gall A8l dpws G DA Glia o) LS Wy gig A8l Jledll alasiny)

Al

el 3 ) g w2208 ) A5aSH 8 al) (385 cg Il (o SAT LS (e
5ol (S8 8 AU (3 35 Apalt Ll o) pall o3 (o 3) 550 pa) ey Aty il
) Abiall Al e JEBY) o LE Lgaladiind sl L 335 5 a5 all oda (AilS
3ale JS et 3) cdapee (AL 3 Tane GBaadad e adiad g8 uSlall ol ALLL A
31oall pabliaial (3 5k (oAbl Lgilla, ) J satié A jlguail 3 )] a da
o3 Lagi iy 5 all dapo (aliail vie dball Leilla amid s Tl sall (50
S LalS 35S il LK ) c3alall lpaai) die da siaal) Apaaal) ddUall dualall
L 5 o) gall ol Caviiat Sy aladaSU 5y 3 ) jall salatiul / (A5 (ailad
e gdysac 3 2 se ¢ 4 guac e B il GG G ALeS]) Lgiagdal
etV g

s gall ol i e )l ZOY) (raca JA 4y e e salad JUS

gLl le (CSP) dpmadll 38 5ally 4yl pal) illanall Ll 55 2t
gld¥) o) PV 4l 55 sdll Clasally 45 )a CSP 318 e, S pal) (psadl)
Do i &) a () Jsaty o815 Al jeS Al ()5 5l Jsay Y asedl
A 4l 2Ll e Jalaalls 51 jall oy 535 AlSal Al je Glld L 5 jalloda (g
sae s yad) G Al e < 38 e Adanal At il Sl (1) S e sy

Al yall &8l (g 5A5 Aalasl
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Al sty ail g ) padl oAl il aal (e «CSP Adasa 8 Adlise iyl
IS g gyl 8 Al gl <l it Adandll Jae 5 23U o pled e d5a g
e ol oall G Al ja ga g eyl s ISalian Al Adase il Sl Jiiad (2)

Adaal eﬁdj\iMWe‘;wﬂ\(M \QAM.“ ‘B‘)ﬂ(hw$h”(3)ds-&@.hﬁ
el Jaall (e Aaiie Al pa ol S Adls ol o Jaadl e <l S e
aldai dga g Alla b (50 a3l a2 <o sl Ao sanal ()l al) AN (e LS

oS el d g g ane Alla (3 jagd ) (383
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- - e L -
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© 2 4 6 8 10 12 14 16 18 20 22 24
o33 03 MWe sl Jladll (3o Al 5,080 (3) JS2
anall g 5 Ad il a5 ) pal) A8l o 3a0 dadail (1) Jsas e
plail 260° C (o alind Al g (Jalill 5)) s 4 j0 a50a g ¢ il Jaraa g
zn el slga s 8 1000 °C ) « bina 40 bar e aade JA 7
1 bar b s
s Al all Al bl A Sl o ¢S5 Caiial
OsS 4d 3l 5 (direct active) sble Jlad 4 ) s A8l (545 alai w
((4) J83) 3 by @ (HTF) sl oal dasail) e
dle 48 05 Y Al ((passive) e Ayl s 4l 3a0 Hla
& Al 8ok padid Cua p 3AN by 8 (HTF) gsloal) dasail
((5)ds) plalh 13
£ A aladl) Gial gl Cilrana dadail 85 ) jall s aleS Sl arding ale
055 ¢(steam accumulator) Sl oS je addig o) 6V Clel 8z Y
(eSSl ) i) o Bliall Janl) (e ALl iS04 5455 Sdl)
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s sl de sana =N bin | peadlg s | alegs
(PB) )l | deidll o sl
Jeidl | (Bar) BN
9
SSIBEPTS 400 15 ok (e i)
*(ORC) 4 gaanll LN Lelin
Al Ay 5 260 40 T e A
Bjle Ly 400- | 50-100 | ¢ JEe
500 P
48 a3 5 500- 1 zoloass | bk
600
1000
Al 800- 15 T sl 5
900

Organic Rankine Cycle (ORC) 4 gzanll (S8 55 )52 *
S hae Ga bl padl 535 Jad ) Ayl sl A8l Jy s Lgtidida 3 ) 90 (0
3L (50 %80 M sm 5y sl 038 2155 oLl priti Lasale ) g cdilie dila Y
AU ) ) Aseal U e en 13 8 Ly calladl Jgm il 1o
Ldall ) lgend g Agal AN 5 ogosial 2y A Ayl
1ol Saalipall 8 Apul) A5l (831 58 550 23 (S35 a5 €583 S
(5 & paally dalaidl)

(Stirling engines) gl i 41Ska **
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Iy Adlida ) ja cilayo aie AT jle sl ol sel) aaad g Jaria Adail 5
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(Load plant configuration) 4asall Jleaj gl

e (3l g Jaisall (Thermal storage) ool dassill G Jalsill | las
OVl A G jeda dalis, ddla (allh OVl die 4400 jeSl) a8l oy A
B, g s gl (Gl s Jaall sl
Gl Glaae YA Gy pa ol Asuliall 48y jlall Bada agia Jay Il oy 0y 3A4l
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Al of i V5 (Solar field) ol Jiall Gulie il =

AR () 55 Aaial) A0 jesl)
& eoba) Jaal) ddass zlis (base load plant) b)) Jaad) ddasa
sLeS WY mand Al dan S (a8 ) (S wladl) (e Gl
OY s A il Gulie (5 sSs ¢ mad pladl (s \;;«?d.ula <l yidl
c_\bhw‘)usmcoiccumt‘)yu\d\co‘)ww xIPARRVIN|]
Uil 138 (6) JS5 gm0 120 MW A yidaas g il 130 A0l (a5 Sl

> 6 78 ¢ u'l314|5161718|92021222324h
) Jaal) il Jiasi (6) IS

0sSig sl 13! (Intermediate load power plant) kg Jas dasa
e (A0 a0l add g ]9 delidl ) 8 de bl (e Jdill el axe
paiivadll & il (e S A Ul o 5Say JBT die ) Bl () dAc a8ll oY
ddane 8 il cpe B () 55 A0 eI A8l ()Y ¢ o) Jaad) dans b
J8l s g Jan (o s ldaaal g HLafiinl ) oISl ()5S ¢ asbal) Jaall
asi gia Ayl 5 aal il OA OF (i) desll Glasae (e
A4 Y1 sa g sl 138 ()5S (Sl adall g il (g (e anall

Al yall &8l (g 5A5 Aalasl
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O sl S Ul A4S ef AUkl 13 3 yual 3yl Al 5eS 4llda )

4 52al @iy 620 MW i daw g 5il) 13gd QU ¢ Aal) dalaiy)

ST IR PR RPN i PRAFPVINIRE L P P L7 PRpr QA T
350W dea ddasd JiaS (9) IS4

_H EEEEE

9 l M 1213 141516 17 18 19 20 21 22 2324h

5501 s Al Jiias (9) S
e 1 3AD ) Gulid) sing
ug‘)aﬂ‘ aLL.’J :‘-\..‘)LA::\:U-HY‘ u...\nSﬂ\ n

Al yall &8l (g 5A5 Aalasl
-48 -

WWW.DZPEN.COM | ji5=Jl ok



dasal) Jidi dgay yi) =

(levelized Electricity cost)
Gl A sl aal s O e cp Al JUai g ging o Sa

dal g OIA
(Thermocline tank) g sl g% Ol
058 oyl oall Al ) @t dle e ggiag aals OO e B ke
Gl g gl 1 Caaty gl oL ) L oA el b call) gl
IS5 b anan ge Al Jleel JS85 il 5 (ol dmidia géa dale addiy
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el Sl

JA

adi Jia
SJ‘JAJ‘JL'&;LA

S Al ga

G GIjA
S sl A
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A0k 01 A AT GAL O AN G ey Jaadia () 38 padiiusy allaill s b
Ja e Ll Jos 3,51 Ay il (ol e 3 ) sall s 53 L siase daiad
el Jlaally 5 515l

Al il 515 e ALkl e

(5l o) Archimede dase 4

Thot,tank =550° CaTcold,tamk =290°C

(8w e s Andasol ddass A

Thottank = 386° C,Tcold tank = 292° C

il e pals il o a0 kil Jia (12) JSS sy

6 S e e — A @l S pe plail aghad o (13) JSS g
(&) Dgeaio gl Gl 4 e (s 53

Al yall &8l (g 5A5 Aalasl
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Z\,}hi.“ Ji 8 < 8 cbasa
Linear Fresnel Power Plants

Jiwp Slase I Ghadll Jis B (ClSle) Glaene Lad S5 o) oy
iy O -t 5f) (o 5al) (A 3l ddasdl 53 e il W 5 (Fresnel lens)
Gl A ellh g cpadlall dlagd &l Ll Leaaa o (Augustin-Jean Fresnel)

(1) JS5 b Aan sall € e (a0

Augustin Fresnel
1788-1827

Jins i Anse (1) IS5

e e Jl kw o Slia e e ddaddl Jiw B Slasa 338 350 7 ) B
Mw

il e ASia il i ) (880 adad L) je apeill e Jins 53 clSle 5 S8 aia
OSle 5 ¢ Bl adal (i ga GuSle (A e a5y (515 (2) JSG (LS Jins b
i

s sinall Jiidl) o Guedl) dadl 3855 L all o280 (3) JS pa g Cus
£ 5 bR s lie =3l ol o oba 5% o S (53 53l Al JBU pile e
it i S e (4) UK ria gy allail) Qs ) ja Ao e lalaie ] gl

ksl ‘dau)séﬁ&lka.«
-53-

WWW.DZPEN.COM | ;i3I 1k
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Cilaaaal)

Jiud Jis il e (4) IS
Dol Jis b Jia i S a8 Led
Linear Fresnel Collector (LFC) Jiwb gaxa -1
Jeai Sl 5 (Fresnel Reflectors) (FRs) Jiw @ GluSle oo 3 ke aanall
s sl DLl all e il pd gl ealie (e S 2 (e O sSETs 3S5 laeaS
Lo 5 ALl 4 ) sial) dad¥) Jafinds Lganan 5 cJases elindl i3 ol dadaridll
A8 yidie ddai e
(PT) (A8l adail) (22 g Claane Cllasne (FR) Jine f Clrane Clulle 4055
LYV DAY as
(e S el Dl Al gl daaisal) i) yall (e de sene FR addid o
o sl Aadl ppeadl Aalida Uiy die de g ge b2l (Y
Dbl saay ) ) Jia el g g ga s ik
il 3850y aaeadl jsaal) salal auii oUai jeme i e ba S e
il il e el
OsSE Jaa e (SilSe el Led sl Andaa Ll e el 3 (g0 Cllaasall gl
L) e Caeadiud (Novatec) drusedll @lild g5 dane a8 dadl) (o Slall 33
3mm e dala
eVl A ) il o3 A LFCs Claass sl dic
I pae o
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il all (5 siaa (b5 Sl L)

Aoala I &80 8 G Al o

Gl el clini) @

(5 s - il Uyl 815 Ll Sl 2350 (5) IS n g
o=

Trcrom, : : : : : : :
T\ f b g
g - : ‘ : ,,4;1}, ; : : P gl

I “ chsle, //ﬁl.Sm
Y (5 gl
6 sie oo Jalianall 5 Ll jall g5 ) 5 L) jall Gl 3 543 (5) S
oaY)
t Y o) Clranall O i Juadl (giai)
i Gl (Y dan G Gl pall Aadiall wil il (i je oS Y cany o
ety Ul 5 bl pall il i e lan S dae o 5k Aaall dalise il
) A 5aiSe 5 Sl 8 laied ST Cle )y il @l
gl (e e il yall Jasd divie lpasanad Canlia mil il (ulia oIS 13
i) Juiidl) il e il il
sadad 73 sad Clulial Jlie
7.5 cm oY) ki
50cm L el o e
7.5 m Lal) 35 Jaiiud) gl )
17.5 m :4assall KW yoa sl
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(wn) b3 35 Ll Cagiin 2ae
EIOA s VTS an S L) el Cagia g g ) AN 050 W1 any o
) yall o gha o @ilse ol DU gl sy ¥ s s s
s s kil Choal 0 o VI Cang dinia L) e el aladinl dic o
Asadl) 4230 g luza Caany cpallall GIS 8 Y das SV

(receiver) Jiiwall -2
U (5 lall AiaY) g getl S o S s oty il Jiudl) )5S
clall (e de giaall OGN Al A il JUA3 ) jall Ala ja e s ) (e
0.6% s> Jurlall llall 3 ) pall Sla ja vie  dghall (gl padl aaadll () s ¢
1000 m Jiivs Jshl 6m !
s ¢ ) gl
eV mum s bl (12 6) JSi A gall s cEial) (e g ) 5if 320 22 g
P URERIA|

@Al uSlall 5 ¢ aall sl Jiiiss -

) sie il Caysad Jis -

| —'——--‘.———‘--‘.T‘-—:ﬁ ______________ - __': _______
;_4-113‘ il g‘”ﬁ &J""“ 9! Jaiea —_ gl i
» ¢
. ¢ L uSladl g 43 g il
T g 5 S8 Juiins
: Sua il o e Suka

o - —————— - -]

gl o) 5l (12 6) U<

(Evacuated tube (s 556l (uSlall s ¢ Jsall Cisal) Jiiue
receiver and secondary)
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ki i Jlan ) an Jlal sbadd) Jgng e Jish sl (e Jaiudll o 5S3
Losll ald dagm i (focal ling) sl ball (il
K\ (NEFEEEEY adags & aaiad Y 3dath e iraiall aiY) Lﬁ‘) (astigmatism)
Lall ) Geadll dadl 3 ssale Y elldy Juttudll Jef 4556 LuSle S 53 a3
REBEN
oSl i e 5 ¢7 em Jdsiedll sl () 6« Novatee ddass (8 «JUaS
30 cm (s 54l

Cavity with parallel tubes ) 42l sie calils o Jiins  m

(receiver

D e ) ) S

sl ball Jdde s ge Hhaill 5 ymia calil eae -

e 4l JSS e Jgre iy -

b psSle e oY -

Aol @l sitall (amadl als jelhe -
43) 5o Gl (g sad Jud) Jlia (@ - 6) JSS oy
((einall 5 L) pall) dpladll Jiw i clsle Jiad Jias (1 -7) IS8 s
luSlall & e dile ) Chgan oo ol Jall e dasll) JSLil e il
(@ —7) S8 LS als ad Jiius (e ST aladial o3

n 300 mm :
W T i klia
EI / 00000000
o OD =334 mm
=1 ID =267 mm
u 500 mm Ll etk

4 ) sie il Gy gt ] JUie (0 - 6) JS4

ksl ‘d»a)séﬁubug;.q
_58-

WWW.DZPEN.COM | ji5=Jl ok



‘u""‘"‘“ﬂ‘ &L:.J.\J‘

(1-7)dss

oo Fcsd)
|

LTIV

(2—7)dss
Aabadll Ji b cille Jial Jias (7) IS

(Heat Transfer Fluid) (HTF) 3/~ J8U aila -3
aaiiiaall wilall g sl w1 SLARY) Jgasy 438 s Qi) oY \)l-.u

daddia 3 ) ja Ala il ZliaY) die Al bl ardius

Alall 3 ) jall Sla pal i

Sle Vs, all cia b el

5 yadl il sae e Al # 3L

3 cla o eV L geadl CO, sl 6l sedl aladiad ) diLayly

(SYS

(Aperture) gaall da3

e Al g 81 i gl 3 luSlall ) e dalisay (ranall) Ll yall 328 oy
i) gLy dpaS

2a) gl J s sall ol sasd ol Ll yall Jsda (bl e daiall 2y sale
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JiS dtsal) o uSaiall oosadl) ¢ i) dpaS 50y )y ind Lyl _pell daid 5l
15 m s oadsaill daidll o je () 5S5 5 sl bl
bty Jgasall ol Ul Jsha /dusieal) daliay Juieil)l da% Caa g
JH 5 805 el all mpal L 85 (5 sbse Sl (g ()5S aldail) apea]
Lead) A Ll e Craddlial 13)

A jad Adasal JUKS
21m= Wl gase -

0.5 m = Jiiadll e -
42 = S0 dus -

dpsadd) pbadl) Jin 8 Claess (amy pailiad (1) s> ma

dpnadd) dgladl) Jia b Cilaada (ary pailad (1) dgoa

idanall 5l o)
Mirroxx | SPG SPG Movatec 4nalall
LF Type 3 | Fresdemo | Nova 1
65 96 100 44.8 (m)Jds5ell Jsha
(module length)
7.5 22 21.25 16.56 | Jspsall anid (o
(m)
(module aperture
width)
4 8.8 8.25 7.4 (m) 33 Jsha
(focal length)
351.0 1467.8 | 14323 513.6 4K daliadll
(m?) 2254l
(module net area)
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‘LFCscilranal dpulal) < jaaall

URddia ()3

T e 3 2

S5l de senn pa Japual) JalSal) 48|

oY) sl ) e s sl (e

Jaaial) Gl g el L) jaldas

il G sa g U G Gt 5 Jid Kbl 1l (55
JSael) IS5 Ll 0555 claalle 5 Lol dalie g8 Ul g ¢ A4
JSel (sl eI (s Cne sl e i) e il ey iabiia
O S8l

N AW~

:(PT) Slraza g (LF) Claana (m plal) cil@dY)

(6-20 €/m?) Sl dmddie dalawe Gl e LFCs padiud o
25- 30 allSall A ya (8K alad dyinia Gl je a2 PTCsleis
o Wl ) s asdasall dala 31 b el OY (6/m?)

JSaed) il (ame padiy Can ALE e Abia 3 g0 I LFCs glisd @
(<l sSall et dlae Jaguail) Al ja (s ) AL Al j3y

LFCs 4lla g jul ()5S0 adsalh ilelisy) o

el i A gas ls (LFCs s & B 2Ll Jleal 055 @
Sl yall gl sl 8 (i a e ¢JB) (3 gam 288 5 (Sl

laS Jara it A folie pa35S 4 Hladll (g 8l Dlasay LFCs JS @
A el el datiall lasa) ZUad 13 Al Gaaa s ) jall JiU
5l all J8U Wil (gl pall iy 3 aadiad ) (e BB 4 ) pa Yol

OSar LFCs o ety ALl Uil 232y sanall 43 3025 PTCs zUia3 o
Fomidie Al vie ST aanall dah () oS5 0

Ahadll Jiw i (5 8 Glhasa
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sAabadd) s Claana b

Ao s 3 ) a2l -
aeliuaS g dyeliall clipdail) 8 ddass siall 5l jall dakail arains
S5 250°C ) 100°C g2 (A Jand Sl (5 8l Cillasal
Bl Ji aile Jaws oS 311l elaall alasin)

sl Jlao Zll -
) s Ala ) et ¢ Bl jall JAU adle o 5€ ]l aladsial
A0 dani, goloall cy il Aliles Hhlae aa Y 4 Alle
Jly Hlaall aladinig50 © ) deweddl Novatec ddasa sl jall
Gran Y 4dld LA e g et o Cana 13 2 ) )l gdiall
sl 3l e Bl & s

Lol Jiv p Hlasse g 1580 (2) ds2> s

Gl Jiu b cilaana £1 531 (2) Jo>

<) Jainaall i) = e FURA]
Calasparra,regio PN 12m NovatecBio
nMurcia, Spain abais) —— Sol
1.4AMW ISP (Morin
6 51 Jifiask 2010)
Plataforma sl Fresdemo
Solar de oabiaial SPG and
Almeria, ISP Man
Andalucla, Spain | U Jaiui (Bernhard
2009)
15 m
(60 cm e L) 1 25)

ksl ‘dau}éﬁ&h
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Kimberlina, Qdaia Jifla Areva Solar
California USA Y ) (Areva
SMW Sle g5 2010)
Freiburg i PSE/Mirrox
(Germany) pabaial X
Bergamo (Italy) ISP (PSE 2010)
Sevilla (Spain) | 6 Jaius
Tunisia,Masdar
(UAE) 5.5m
(50 cm paa L) e 11)
La SeynesurMer, sl 20m CNIM)
region of Toulon |  (abai
France e salal
1 MW S 58 Jaias
b z L))
(S

(Ur 14)

lal) Jin i g cllaae
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alad! Sl
(Al pdad (b cilaana o ¢ cilhing
Paraboloidal dish collectors Power Plants

3aa) 581 e L Lad US55 yurall Ul sl (e 2 sl 3aa) 581y (e plaill 12 0y 5S3
/38 ) pdia (adal dgliia (5 ila ¢ AlSa adad 3 jaia 3] yall oda cBanl s B )5 Lo
O )iy US4 a8 (Paraboloidal concentrator (parabolic dish) (usSle
S «a 2000 A 600 G 75T S8 A 35l o wedd) gy
(PCU) (41 5f) il Jasad 8an 55 (sl oa Jifna 3 y3all

Al ddlh ) 4 ) sl d8Ual) J s 3as ol 028 ¢ (Power Conversion Unit)
ehad (Gaba Jiial (1) JS rdan Al oSl dBllall #L5Y ale (o235 W )50 (Al
Dish 4de lhy sl gsaal g sas s AV 5 (Jatiusall) nsadl) 38 jall jring s o AlSa
g rall (3laliall 43l ) <1) dalhll GL’S&Y Cilaa S las gl s2a axdiui / Engine
Al e ASal) ma das 55 ) b 6l Sl cdalall Al <D ASu) e

A
v \

‘. e & e
D wlu\il

Saa gy Ji
s S8l Jagad

AN

c-ui\&-

& o
l_l e A :

£ A& adad b Jiiai (1) JK&

Jlail Ay vie dpuadll 28U 3 5 o Se adad Bkl e KT 5 aalg o
e.\ilu..g‘;fa\}hégbjca).;ﬂ\cpﬁﬂeﬂgﬂ\}ﬁw\gw\d&cﬁhb
ASLLOU) g2 1) Sl 50 3 5
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s A8 i Bk praai die jlieV) 8335 4l el skl e Gle g as g
e

4l e A g8, sl AN () Cumy Ady yaS S5y S ol <G G e
el sas OlSa o Lhaill (s )5l slad LguSe oy o (3adall ) ol
(Gl e

) sie 0S5 ST )Y had et il 5 uaidll (g o guall Aail o @
pl Chpn 8 (Guadll () judie o) sae ae Lidlae Galall S 1N Ll
Guhall 3 5 5all Adass ola Ly i 3 ) sl dalY) JS Ll

e\SaiY g (Sl adal) <G 3 el (nny Al () 5S5 AaY) il giha alina
35 ddaii s Guhall e o) sall e AUl Cilagidl ()5S e L Q) e
Jaladl 138 (5585 G (S Ly e 5S4 ey (adall O G ¢ Aadia () 5S5 3ISS
138 (8 ¢l ol 3515 e alall QS35 pa s (uadia sy 2 Apanl (g3 e
Al ol g5 Cllasa aacbial A S s ) o AW adadll (3ula 3 (a0 Iy 28
55 (o 3alind (ALYl 4l sl V) oy oy e 1S o GLY) aladily

eSS G algat s Ealall el g laiY) e bl all paia Sl 5 ¢ aakall

L s i€ il A0 5 5 5135 T o 8IS ol (Bl L ) 535 it
ddasa LY Lol Lgwladiin oSy 43l sl (modular) 4 )bxalls Coa i Al s
AanaS Lgaladin) ol ¢ BLbYI e el e sS85 5 Al A dad ) S
Z LY Al sageall (SLYT 8 (Al Al 56 SN A0 (e A jae JAliadio 5

olaall gl g 4l 5eS)) A3l

Laa 3o (e e si aa g A ) jall dacadll S el Cilaans dalaiy
(optical efficiency) 4 il 3Ll -
Aonadll 423 38 5 rane JS 3080 ) e
(solar- to- electric efficiency) sbLgS () ueddl Jysaill 5ciS -
L6 ) Apsadill AxsY) Jy gal Alaill 20K 5 jaiall a3 )
4 padll 3L (<5 (focal collectors)idadi (& S jill Cilaase Lin 5l 65 3
S35 oY 1,k (linear collectors) ddadll 1S il Claasa 36US o e
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OF (o) ALYl Adadl) A gl Canli) e Yoy a8 s (b o Apsal) A2 8Y)
LS 5 ) () o sl s (s (055 Aalill Claana (b atill oldas
lac Ciea 10000 ) Llere Jusi (5 5 5 iy sinse e b Bolall ciluslal
3eUS Guuad g dlle 5l ja da jo JUll s dalledy jmn 3l ) (sa5 (Jladl 508 il
%25 %30 O OS5 Cus el jeS ) el Jy sl
(motor / generator unit ) <l yse / Mg sang o AlSa adad (3uda Dl ISl
:ll (PCU) (Power Conversion Unit ) &)l Jssaisas s ¢l il Caiaiy
.(Gas Turbine ) & )& 4w 5 o
.( Direct Steam Generation ) sl Jla zUWl o
.( Stirling Engine )z s & yae 141 @
S el lan g (A axdiui g le gl Y1 A i i (Suds Aalail el
Jifie e dpuadll dal) )S)Sjum‘ﬂ\;mzﬁuﬂ\}mzﬂ\w\
o 48 (53l g ¢ aSlall S e ddadi & & suim 54 (cavity receiver) <bsaa
. (heat engine / generator)s o~ dase / A ga (A il 5 paliatal)
i) g la¥) e Jgemnl el () smas o ot JMA (pe (Gl ey
Ll all
O S Y L sl il Ay ey ¢naidll ) e g alall (55 Ll
e aa dalle s ()5S il A ) duai s A )l jad) dsedd) Cilranall
sae ) aaly phan Gadall ) 6 O (S ¢ 15m ¢ Sm o Gelal) e sl
3 ppea el

(heat engine) ) Al & aall
& sl @ aaS mail il (Brayton) ok s & bile addig
50kw (sis 3 ysaall <ol 5ol Canlia alaill 13 ¢ KA adadll (3uka Aokl
(joule- Brayton cycle) o5 »—dsados -
(Uminie s )l s Jysai 3eliS) Jidll pileS (addic ladia e aadiuy
(stirling cycle) il w52 -
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(N2, He ,Hp)dsii gl Sl axdio Jadm a3 il o0 3 ke
roaibadag cddle 3l ja iy 33l He JHy e 51l
Pmax = 20 Mpa
Tmax = 700°C
tled il i &l jae (e (e 51 2 5 Ll
(kinematic engine) So> dyae =
yne a el eliS Al il ¢ Jaandi @l Can 5 uedls djaall Jeny
Al el
(free piston enging) sl (Sl & jae =
Sl s il JDA @i of Al e i Y 5 a sabiells & jaall Jany
A Blall Jlaef (s

2 ) J sl (Sl 5 520mal) Al shans) 5 jal) Ll Sl S ae & sk
S5 Sl e, RIS

dg,lall Bl (e ala ola Jobe o Bobe el Jaiudl Y
Al Jaladd) il Ll dara 5 cpaid ) (g0 138 Guadl) (e Alall
s (hydrogen) oessome s Of W sale (3l 5) wilall cpaa 51 QAL
Jady &5 . 150 bars by 1500°C S 3500a da )y ) (helium)a sila
ASlally alsall Jiasy 0 800°C (s Jiuii 3)) s da o die il jin AaSka
sl ) sl e Bagaiall 3l jall Jeadi Al jeS A8l z A i Al
ab ) A aadie) Jis (radiator) (aie) 6o os dilbe (33 sk (e Jassdl
(65 390 SIS ASLall () paiady o 9 alay 5 aliall Adassd 5y Slall 3y i

ay el aal g 2 M e s He b3a) ile paic : oasledl o)
O el

U pealiall a1 a5 | M saae 5 H 53e) s 3& saaie 1 Coagodel) -
5ola Gl ellae Y Cansaa SV O Cpa s ouell Jelin b aadiny

-

(S G o (58 Sl
-68-

WWW.DZPEN.COM | jldl



sle 0585 L Llle ) Ayl padl ASlall sl 5l sal) (8 gile pdiias
ol iy o Sy Al seS Ala JHSIShall AS jall Al gall Jigmy o (il s
S G 50 kw ) W a8l b g5 25kwe Skw O a5l il i (3ada
Jas Adlaia) Vs (ol om0 3a ) gling ¥ aldail 13 ailel) s maa 8 (2)
Al el A8 )5 j8e Jati Apsedl A8 o aai oS5 Ayl s dd
LalSa (5% sy (uSlall dbmall uanigl JSEI) oo Lin o i€l 3] s 51} )
pall e (5 siny il IS o ALY il Y i) 2y Ml ¢ Lol
4y halal) Sl

el A1) o ga 30l il i (hula Lia o) 915 il ¢ 43 20 (1o ST e
e b pane S (3) JSE s (%31.25 GeST A S @l )
Gib Gleesa Jis (4) IS5 Gaws (Lovegrove and Csiro,2012) s4l8s
)i Gl Lan o €1 o a1 by (1) e s LeS o ilS adad

s A8 adad (Gula wile CanlsY il (2) U
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FEypdidal

S Jigadban g Culi S )

sl Jigattans 3
FUE,YIB Y Jde 4
Sedl 3131 Jda 5
bl 6

Caeddl 341 7

sl esll A< 8
daelig

e Sl S8 10
FUE LY Jwal 11

sl pdad (Bl Claana Jin (4) IS4
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Tl i (b L o gl ¢ 00Y) il (1)d 2>

a5l )
0.01-0.4 MW (Capacity) s2a 5 4zl
1000 — 3000 concentration S il 4w
29% £k 3ol i

(Peak solar efficiency)

16-18 %(*)
18- 23 %(**)

:La).ma t\.&ﬁa} ITAES

(annual solar efficiency)

(= i) 30-40%
(A 4w ) 20-30%

:tfu\);l\ EJ}J\ ITAES

(thermal cycle efficiency)

25% (**) () Al Jale
(capacity factor (solar))
8—12 s;;ﬁ:“uM" \u'a)‘y\

m?* Mwh/y (land use)

gie (%) e (%)

(Sl & leiY) A ja) + (Al aniiall (g 5ill) = g ladY) BeliS
) Glelu sae Jlea) + (L st 23D Jorelil) el axe )= dadl Jale

(8760)

(S adad (3ada Cilrass &) jaae

il 5 ¢(dry cooling) <ila w s adding «leliy) Qlef 4 -
el S pall ) il Goany) ddlad) 4 gal) J)sa ¥ cld (3laliall
e e um ga bl L o1 i€l 15 el 2y 5l Jast (5 AY)

(bl 2yl Akl

Aglaad) Gl (8 A sy Leal i) (S G e sl n GRS A5 -

(3230 (o )l (5 sise slhaa )
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ool A3y Gl dad JS o gati Laila LY pad B gniseli€ e -
B W bt st 5l seda pae o any 138 53yl
.(cosine loss)

D Jiafiie 3oyl 3 s Skl aa g8 -

Jelis ) mdan el -

Cpntll G p ) -

Slaiia (558 5l (on- grid) sbeSl Adlal) 28080 ao plaill Jay ) (Say -
. (off- grid)

(sl a5y ) puadi M) (5 Al diani el e gl B -

F colaall o ¢ olaall (piasi s e ddlina (yml el L alail) aladiud (Sa -
(eblia) el S juads

188 adad (ks Claeas g0
Al ) CallSi el ) -
e e il
ool oAl L -
Cladat
( Shenandoay Dish) o) gxilisd gk

& idall Al gl ¢ 5 e o agpkail (Virginia 8 ) ol sailisd 3o avenal o
OsSabaall S Gt (ol sailind (8 2 sa gall &)l jall dpadl) A8l
3l da 0 ae (e sgd 750) dasie a2 400 (A Gl bl 2a) L)
i 3 53 8y Bl a5 85 (e 163500) A sia dn 3 260 Jae
Gl sSa (5) Sy o sall 5 cApusalll (uSiaS AS pl U8 e dmpinaliy &Ly )

10 O9SE ol sailind (Guka

a7 b (SlaS (S ol 3l
oSle ol 244 5 aaly cils e asty casiiall 78 5521 2w
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o) ailisd (ol S (5) JS

PCU - sl Jisad s3ns ) el plady) sal) s JM& (e S
Jrgaitan g e iyl e 3all — 4 ) saall Adasilly (power conversion unit)
et Lty (e Al A ) jal) AU J s 53l el i jaa A (5 il
Ll o pUail) 138 a1 50 (33 yha (e Al eS A8l ) 5 (e 5 ASilSae 48U )
dasae o Cuay a8l 3 ) jall s deadiedl e Ay el Zadal) e salinaU
Sy g 335l 98 ) jall e JS e J peanll Loadl Lealadiul Koy diuall) Zék|
aill Jamy 5 () sme IO (g0 S el ) e g JalSIL IV oSl ol 18
On oAl G Lealadind ol Lean s elseSl ) (Say Al oy e
)kl 138 jailad

10 kWh 4l S 5,8 poail

25 kWh i )s e oadl =

(25% electrical, +70% total) 4lle 3. =
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Al oadl 5 4l yeSll Adlall £ LY ddase S (8) & (7) ASS
(6) JSa dais gl

gline g sl 138 eI MW 8,08 &) jadl s Aol sl aal) LY Jia clisy
.(hectare) JUSa aaly s

s B Jugaidang
33053y il dae

Lialt

(cslall) 3850

Al saagl  (Cmeoie) 38
Sl Jagadsaagl Jasdl

(6) IS Aanall (5 g8l Jygai 3aa 5 (7) JS

ELOFSA ST N FONORPY JCHI 0N
-74 -

WWW.DZPEN.COM | ji5=Jl ok



(6) JSas Aanall o s o 1me (8) IS

(Maricopa Dish Stirling Farm) @il jis Gub de ) 3 ddasa (9)JSE a5
5,58 Jaabiy 25 Kw sas sl 5508 el it (3alasas 5 60 (s 0585 Ug S
1.5Mwe

A -
i |
T

% \
A AR

e
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e o i) ssiady (7.45mes s 3o gl die) dafiuall sl
O el
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aUai 4l (single free piston) s )y Gl mid i A4Sk aadiud 5 %24
e )zl ¥ L5 casaledl oy yudi duim S

&0 5y na Db ¢ 88 adad il i 3k (10) JS&

1.0 Mwe 838 Lilans] (2 gl fiaw (3uba ol dasa (1) IS4 s

3kw 338 Gilaa g aladiudy

6 AN Lpnadll il 3 pall Aadail e S5 500 o (5 8a3 Y Aadail] oda
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Ll (A g i oo pldii A (1) S

400m* 5 100kw S Guba () 48LaYl 10kw ) 2.5kw (e < o
.(Schaech, Bergmann) 48y Ll yiuf daslay

L paal) ALY ol (55 58 3 5l Jin delisa 358 5 Caliay ¢ z3lail) 8L Jia
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i G JS (laSle) @l S 38 3 yia Lkl sac aladinl (14 ) IS8 masy
Othasi ya ol Dia S ol (Buda aladiinl (Sars el seS 25 kKW S 5 kW o
650 Jaali25 kW 5,38 Gkl o cilase clial 4 sthaall 3558 325 3 L
(e Claeaae aladivl (Ko (hectare) JUSa aaly (s ()l daluars KW

AUl 138 Jaad i (15) JSG e gy s Yl Z LY o AlSa adad 5Lk
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Al 53 21816 ale oy shais ac) Jia) ai (Al gl i & e 4 iy Lay el s
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g il uaigall () e 4 3l Ao il Jae Chaal ASaalina e 5 5 )5 (o
& sl 850 a3 (George Brayton- 1872) Osi) » z s So eV
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Crall) )
Sl d3Ual) 7y cillasa
Central tower power plants

AU #1,40 f (solar tower plants) (esalll z 5l Cllasay Liaf Ca jai
(heliostat power plants) <l sila d8Ua Cillass Sl (power towers)
Ashias Ga S 23 blas (S je dlb 7z oo 5 ke Lasl oSl 238
Gl galed) — Ll s3a e @llay — ) ae Ao atiill ALE (V) W s
5l dpadl) dadY) Sad )y (Clrenall Jiad) (heliostat)
ol A el &l Jiiiuk
(Mie ygemio o) pile e (5 sind Aaiamn A0 7 Ll A e 25 LS
e sle i Zl0Y 5l a b A e 43 )] s Jai anad o
B e Jgeanll dge Jadd Julls 3l 25 Jadi o g
glad¥) i LU s Al A @l pide Lo Lliall Al <))
(1) IS (8 A sall 5 A ) ) 2l 33 (e sS8 Adanall (51 ¢ usniil

. . Salaicdd Alga
BN BEGR R RN ﬁ
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>

7} FEd Sl o

A
v
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r

Bl o Jsanll ) jain) Gladal o skl aal aladiul (Sa lesas
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35850 Ghlia) jias ge SOl WU 7oy dhae JdS5 -
sl
Gilebu 322l 5 )l all 0 )30 Al 5 dddasall xa s )l oa A aladia) -
pae ol yi8 g3, By JOA el el W) Jagud g Bac bl
] Lty Al
AL x o Glasa B
inn 1500 Y 300 O HS i e 25155 @
&) i blial5) 1000°C Y 800°C (e 31 all dajn Josi @
(1300°C
150MWe SOMWe On 25l b (23 saill (uliadl @
20% ) Jaal dndi jo 4S5 S @
+(2) S A gall 5 A5V Ayl ¢ 321 (e A8 & 5 Cildana () S5
(heliostat field) <lin sala Jis
(solar receiver) el Jiing
(heat transfer fluid) 3l Jai ple
(storage system) (x5 pUas
(power block) s & 4c gana
Libul 2 (Gema) Sual @Bl 7 dhae (3) JS8 magn
(Wikipedia, 2011)
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(Gema)ibend (58 (g S sl Bl & A (3) S
(Wikipedia, 2011)

(The Heliostat) <li galgl)

a2 Bl (paedl) JaaiHAog 42 Y) (e HElios osseli 41
1 5) LS Gl s ¢ saom Ol o) s s Anbisll b ol sall (3 Guadll 4])

(Qsmas Gl
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"sadat Lea o e (el e (Heliostat) <biv sals AalS ) oS5 Lo gac
O5ST e e 3 ke (A5 ¢ atia e Sl el MU 5 (uall) S
Ll Jaat 5 Aol jlae o Jeall @ paty jsae o 438 Ul e e
Apesalll A8 )l dadal 8 @lld g an g olad] (& (uSaii aadil

i) o mlSae s S uSle o il plell du I b Sl () S5
(stretched Llas slie ol (ane szla )y Ll GuSlall hand) () 585 aSa alkis
150 m? A 1 m? e a6l Sl gled) ilia = 5 % . membrane)
pladin) Aa8Lal cliv el lalis (e (pe 53 paibad (1) d s zia s
49 m? &25 m?

O5Sa ¢ 121m2 s aboad) ccilin gla s € ik (4-A) IS5 e
3aa o Lladt Gl Sa (4-B ) JS& ma g ¢ dabie Ul jedang 25 (e
Ll

PS-10 dass 4 a03%ue]2] m? dabue Cliugls (5) JSG g
4dlall 5 dalaY) dgal ) JSal) Jiay (Source: Solucar, 2006)ksbudbs
s S

Lail Jalae b addiee 148 m? dalue Clinsla (6) JS& sy WS
(Source: Kolb, 2007) 'S b

AR dasild il galgd) Cilablisa (e (i 98 pailiad (1) o>

49 m? 25 m? e el Ul e alie
Ix1lm 2.5 x25m sl hadl (ulia
(facet) spall
5m 3.5m saclal) g Las
AGC il 3o | AGC asei Wl 3 <4 mm Ll zla 5 & 58
«4 mm cladl
la la JSell Al saldll
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Omalill g1 3al
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i galel) il € Jiiai (4) IS
C B A

Ly PS-10 iana (3 p285ua] 2] m? Al vy (5) JS2
(Source: Solucar, 2006)

-

o addias 148 m? dabus ciliv gla (6) J<3
(Source: Kolb, 2007) S b Livilus Jalas
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:Clingdy Jia s Yyl

3zl gl dadasuall Ll el COVT (e dd Bae ) Jacay i Jis (g0 3 )l
BAS (i galedh

gl (e saliind @lld g o ) saa o 330 IS (uadll Al 2t ) yall
Sld & 5 ¢(azimuth) Cwed) 5 (elevation) L&Y L () saall ¢ il
IS Jaall Wls ) Sl i o V) sl e oS5 ali g Gaok o
S5 lSad) Giatle 3aa o v gls de saaal ) daly Cliv s
S Sl z ol A Gl jalall ¢ lidd

¢(7) IS A Asa gall g ¢(Fresnel) div i o seda o i ol oSl o280 253
G cqnlid (5 sie o Lempant o ol al ) dpinia Ll e el it Sl
JSi g Aadaia g Aay je Ll e (e 1an 3,0 de gana (e Sl el (o 5S5)
bl gl )l (apdadly o S adad ) 5 S L e JSG e (S )y
(aero — dynamical) Sselin 5 ¥ (ailiad st ML 5 ¢SS
Ll el e JSG a5 ¢ (SilSoal) apanaill Aalisy ) A8l Yl i salell
il galed) y Adlal) 451‘; iz leeldd ) Lain (foca]) 55l t&)\ ‘5&:
Ll Jilaiall Jall e Ay ohaill s (8) JSE o LS il
@V 5 laias ST Blaia ye da ) S pall ddadi 8 dpedl) AaiY apan]
DT sa alasind 13a (e Caagdl s JSLEI i) Jall (o | 50S | 8 paniay
Apsadtl) 221 5 55 o s Al 5 Sall Ble) e s (Rl JlS ae BeliS
A S all ddaill b

dadaise Ul ye ) dpiniall Ul pall Crand — Ji i Ul e il (7) UG
(Nussbaumer, 2011)

@S Al Al iy cdase
-88 -

WWW.DZPEN.COM | jldl



ALl g e Lm 51555y 5k (8) JS

) 8l 4 5 (880 adad (Bada aladinly Jslal) Lol (8-A ) JS e
&) Galall Jsmn gLy Jalis Gl 5 ISl allen A0S (mdddly | (uadl)
il sl a5 gl Jaiiad A8y (8-B)JSu daia sall s Jins 4 L) e
(8-C) S5 A LS a8 T allaill sy s ISl piles 4pa J5 Ll 5l
DA e Jallaill bl Y1 e aadly ey o35 N sl ey
8-) JS (8 zodase 13 5e Ll sall Gl apana ae Ll pall (g Adlisall 3005
(D

OOl paall Cua e Ll aranal (st s ghall 138 (e gl S
lisds el Jiad) Caimy g Apabat) CallSil) S5 (o sle) ja aa 1aY1
4 sie Ayl gha Lo ghia JS5 e L) i led) s il

bl (9-A) JSi B LS elad) JSG e i (9-B) JS6 8 LS
REIK RPN

lea (Jiied) (e (e i (ML 5) (oredd) Jisdl ol (e Gle 53 2 g
(Circular receiver) il Jiinia

(Surround field) L Jis

LS ol Jss Sl saledl & 5585 Lyl (5 pdla JSG A Japaal) Jaall (5
(10) Js& 8

(One receiver) 2l 5 s

(Northern or Southern field) 2 st / (Mads Jia
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. eos. *e
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¢ VS Jial) (oS5 Catay I
(Radial configuration) (elxd (2S5 o
(orsin ol (M din (11) JS05 Tume Jin (10) JS3 B i Lo s
(13) 0S5 & (12) d il L) ) B8V
(Cornfield configuration) 3,3 Jis (S5 @
Al sl B ghea S0 e A je liiusaled) () 585 3 sl ) pad an)

L S 5 5

Sierra Aana A gl gm0 o Sl gla Jin (14) IS5 s
()

Julich ilase Ayl sl o shun IS 8 i gl Jis (15) JSG a5
(sl

(Wilel) Gemasolar Aase elad Ciliv sl Jia (12) JS

4)S)dlK§U=SlC}QU=M
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(Wlel) PS10 &PS20 sibaa elad v gls Jia (13) IS

Sierra Adasa Al gh (o ghia JCE A Clingla Jia (14) S
(3
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(Wi Julich Aase cdal sh Cogin JG 8 clin gl Jia (15) JSS

(Losses) <13 gidal)
Jd3 e (optical losses) &y <l sitad dpuadll dadY) (i i
Al 3ol (5 S jall A8l 2y ldaae Sliai s Jiinsdl] () Ll saa g
Lol Al cilasall 8 Dl |
77 % = 3e <l
64 % = 3:&) Jau gl
il gl Joal 4 jeadl il saiall g1 531 (17) &(16) IS a5
(S G pas ST

(cosine losses) plaill cua 188 o
1l LsY) oa cliv slell (cosine efficiency) aail) s eliS yiad
goase e dS e 3elaSl ol adiady i saledl Jis i 5 st e
i) ) Al Sl s JS (S 5 uedd)
g3l e o Leadan 06 Sumy Gl le) i of il A1 aadies LS
bty Jatidl) ) v siled) (e Al daiY) g dneeadd) A3
g gl el Caial (cosing) plai cus il gale T AuSaial) Aalil) ‘):uﬁ
ol 2l 13 il Qi o5 (18) JS8 (A, plall Cun sy 550010 e
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5 3al alaill Cun lagiial A i salel) (e Cus i gl (g S
\J;E)Mew\ung”_a\JMB i galgl) uayﬁ@(hu)
(Alage) 35350 2 5
(shadowing loss) Jllail) 438 o
Jiall 35 ) slaall il saled) e galil) Jlall ) Jallanll a8 e
(blocking loss) 43sY) 88 o
oo Qi) ) i silgl) hiw&u‘g\@)ﬁs%\ ) 138 aa
Al gl 3,k
(attenuation loss) (p sil) 385 o
utanall ) ¢ L)l e 8 4y V1 il G At 8l 138 Caaay
(spillage loss) Swia 388 o
&) i sl e ASriall AxiY (Japia) J e s ade dagis @l 12 iy
Aa e S i nle W AKaial) 5 ) gl il 13) Chaagy 13 g0 Jusiol)

.(aperture) Jsiuall
- (
’ ... eu‘ 5 ckﬂ’ ABs —Sa
<C )J
EAWIPRL] Criaalt

i sl Jiad 4 jea) <l giiall o1 il Cayai (16) IS
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O gl i /// M‘
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o AsStadl
By - )

s sl Jaad 4y jeall <l gitall ¢ sl Jiai (17) JS

i sala (e ST e alaill o 28 (18) JSa

1l gl SilSaal) ) Ciiias

S i e alaie ) (6308 o (s 1) i el SlSaal) Jann i) iy
iy ¢35 DY ASal ¥ lae & Ca a1 Jadiall] (actuators) Dkl
[ s S 5L alaAtl Juaedil g Sl e Jaiin) AT

(serial types of heliostats) s & 5 (a v gala
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s 53l 5 (19-A) S5 b LS Aluliie caiall oS i due il o2a b
19-) JSi a0 Leine(azimuth - elevation) S/ gldi ) Jadis & 4
<) ey (target aligned heliostat) <83¢S ) gae Java Slivgla (B
oalids) (8 (adll Cigell Ly | o aSa05 Jas asenad ;g il 1
it el e 3 gee oo 3k Aadlall Claeatl) JST (65l Y
Cuy o Caans 310Y AT L) 1) Als e (ssind o jaaban g 4
ol saa g e (lall o dish sl (torque) Glosdl ae sl
a2 sl ae daala 31 L el (s 535 glasia gL ) ) ae 4 ()5S 53 56
LY sae ae laalatie 058 (5315 () sllead) dSa cilalen e o)) 53l
23R Algl) 3 (an 5) Al RS ok o camall o€ ciline ule) 8

CSlaleall 5 daala 3L all G el (e (4300 A4S0

i siled) Jiels o 5lSha )58l (19) S

: (parallel types of heliostat) ) sil) £ 55 (a Gl gald
Lol 8aa g (e IS cpliaie cpliidie e JBY) o alaill 13 (5 simy
5335 & sl 138 O aae (3a5 (19-C) S 3 Lot gl it 3 a1
Oe ST aa 5 sl adlie il 50 ae Jalaill aSail] alas aacay ) jEinY)
el 5 im 1 o RS all iy e
3 i sla )5 L L

(universal solar tracker) pl& (owadi Gizia o
Aoy 5 e 5 bl (plidie e OS5 g s 13 (20) JSS s
e 51 IS5 S e s s e AN Cad e (joint) (Jeais)
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e e s el saa s i e 3 ke lall duaddl) (0S| Glie K& e
)
,(octahedral hexapod) ghu¥) Ll g adlgdll Luula o
(21) J8& G masall
Gl salell Sl il s (22) JS4 i sa

S5l & 55 e Dl la Ciiaie (20) JSS
(Source: Orshan, 2010)

ol gL 53 3 1 aslas it (21) US4
(Source: Wikipedia, 2013 (@ Physik Instrument,
2013)
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Gl galell SulSaall Jiadall i (22) J8i
sl pall 3) ga
oS3y Gailiad (Gaial g dpuliall byl sall 2 5a (e (i 1) o slladll ()
chand LpulSay) Gy s Adle (reflectivity) dalSasy) ¢ 5S5 Of Gand |
il g GaSayy Ay Tl g lad) e a ) el A Q80 Lelila
b
Jsb die Cayxd gd 1005 ¢ Ol gall J1 sl le ApulSady) CAlids La sac
siall o saall sae ddaall g6 Badae da ge (2 die gl (3223) slaxs 4 50
D YL Ll Sl

(90 /96 %) Ale AuudSasl =

(Jshall A seus) sl Adds

ve Gyl 8 )ax J8) stiffness  (3sludll) Guuil) 3ol

(ASsalin Jaa¥ (i il

alid) =

ECE PR AN
(solar weighted osedll 455 5all LpudSasY) (& cagandl any o
Sie Calide 4l (5 sina dsa y lie Y 833 54l ) i reflectivity)
. sl (il 3 it i o ) sk

L;JS)«“@M\C‘)JQILM
- 98-

WWW.DZPEN.COM | jldl



oS G Guall) A8 ¢ o ()l Geadll 4S5 ) sall gl S Gl e
3al) e
S ISaiY) Cims

(specular reflection) s s culSad) -
a2 i olatl Y ey galal Jae elatl e ol 31 6 suall s
z oAl eladls (aaY) Jaad) oladl e JS Glb GSasy) gl iy
Bl all galall edaiall Al Ay 3 i Lagd () 555 salaY)

(diffuse reflection) <ida (ulSed) -
2ol olad) (3 (A Sty Jalall ¢ sl 8 (Jolaall 8
gladl (Ve (sslall (alSaiy) i jlieY) 3 335 «CSP Sluki
il sa il all Basa Jlme 05Sh5 ame sl Al 6 O s peSaial
(solar weighted specular "Uwedll (Gsise sl e oalSad)"
reflectivity)

(Mirrors) <) sl g1 g
ilad Ole 5 2 5
gl Aabse dala ) il e -1
(standard flat glass mirror)
(flat- glass heliostat)
£ AAll b sle Ak e (g 5indy -4mm Woal) dlew o 5
bl L) ¢ (degrading) Lis o paliad) s (uSlall 43k dlas
S o(@s JSa e o585 Gl ) i) AGll) Cals s dsids
Lass elinils rla 31 6 O oSy, AleaS laa sale dlal) laa
Sl e (0 Dl ala (23) JSdi ma sy 5,380 5 ) gae Jsha e g
EWREEIS IS ROV W
2daia (ALEE g Wl ja -2
(SM)(stretched membrane mirror)
(SM heliostat) i
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& shan e AhE gt e S S5 1980 ple A g sill 108 jeda
o e A3 ASladl 5okl () 55 5 Galiis aliall 5 o sria ) (ge
(vacuum 4>y = / &8 idina Aol g () @h.nﬂ\ AW
(mechanical linear SiSse hd & aa sl pump/ fan)
(o5l S, gl ) Jsha ity B8 el e sactuator)
(SM — 2aaial  Aldal) zeual) Sl gl daliae cilulie 2a g
: heliostats)
0588 O &) e S5 ¢ 50-150 M2 O (bl 23l - ) i
Ly i el oY Caal caudill IS o555 g U e
Gl sala ()5l M s ) SM b saledl (55 Jaan g i
e bloe clingda (24) K5 masn Cus mhdl 23l
za) Clugls e el SM il Gl of Lady
20% (S s sl

gl A laos iee Al ) Ll 5 (0 s ila (23) JSE
Source: (GEEN 4830-ECEN 5007)
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Aaie Alde @mg\f«;\mﬁh (24)d&&
(Source: GEEN 4830-ECEN 5007)

: gl sala
Oe lelsil (2) sts moiass ol LYY (A Lala ) Ll )

(3) s> mas X dgad d5aay el dalall Ll el e laa

(Source:Froling,2011) gl claglia (2) o>

4l 3gas A 5laal)
Mpa
880-930 a4 glia
30-90 2l 4 slia
30-100 £ty da slia
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(Source:AGC solar,2012) by Lawad U je cliby (3) Jo

dadll 0as o) a il
4 mm clad)
10 Kg/m? = s ool

2500 Kg/m? 18 °C ic 4dll)

93.6 % dlSa3Y)
9 /k10~° (o) g)oadl 2l Jalea
45 M Pa ASlSaall da laal)

0.2 Ol 50 Al
70 G Pa g—"ﬁ Jalra

seay) dead dad lef o (Tensile Strength) .3 4a 5l
ailaas ok Jas e b (s gy JladiV) 5 dlgal) inie b ((oaigl)
oliiy A5V adaiall dalie o Loguie adll jlisl L8 4l
(IS (sl =) 2/ sl Zae/anS oy 2] A glia
83l 5 )38 & (Compressive Strength) a4 slaa
o gia 3 5n ) Jgemsl) ie 5 U e idaa Ll g gl da glie Lo
33l Al Laliaaty)
Caaly Al Apals o ¢ (Bending Strength) sUssY) 6 68
LAl 8 i o) J sale 8 dlea) Ll
¢l gall K4ilSaa 3 (Mechanical Strength) SuilSeall da 5l
o5 5l b () 50 Ghaall Jaal) Jead e L3 58 4 bl 4 slis
Sl Mga] o 4 (Poisson’s ratio) ¢s) s dsus
il 5 g8 ala) b sl il dlea) ) (e yaidl
duad g4 5 A pall Luliia g8 (Young's modulus) g s Jalas
0 dgay) sl e 8 50 slgay)
e MPa = Megapascal
= 1000000 N/ m?> =10 bar
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:(mirror film) L s ald

Solar leale Bl el Ll e ald 4 501 3M S 5 il
S ikl aaf 8 949 dlS23) 41 Mirror Film 1100
2y Al At A 3% (Jlsa (alid) JaadlE 1995 die
0.117mm a5 (acryl) (e giae aldll | i 43 15

G el Al OASE (e, el e aladiubiBale e aldll aa g oy
058 Al s Laala 3l ) el (e Juzd) dpnliall salall & Lo o
phdiuly 3M S HE asiy | e (ula) la mh L
Allai Jany (asn V5 Osa2 asmiasll ol Jiiw Galilin o 2la )
(25) IS mams leahad @ dae sl et Jrslly
o Gl e ol il sala

it Ulga L i sl (25) U<
(Source: SunShot 3M)
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(solar receiver) (uadd) Jiiual) 3 LG
(high-tech &l e 5, Jobe o Lagl Jiudl) oy
Gl 5l gaid) mlall (s e Josy 315 heat exchanger)
565° C A 2 Wl gAY e g 83l 250° C s )y da 3 die
B L) Al Al plial de AL Al U ada g3
ol o B e Sl Gl g A ey @il Sl
Ao ganal panaall Hlad) =i s )50 Al Jlaall z Ul ks ) Al
b A sale Yl s 3 Ul 5N L) kel 3 ga a5 el sall / i Sl
S5 o8 (26) JSG a9 95 sall JuSiudi Jia Juiiasal)
red (27) JSE A sall 5 Apsadll COLELAN (e g 5l Bae 2a g
(tubular receiver) 4 sl COLELL )
(28) JSiy i sall 5 (external receiver) > s Jiive =
(cavity receiver) “isse Jiiua =
(volumetric receivers) 4xeaa C3ldiue — 0
C e gana ol sp Jifis m
(open volumetric air receiver)
(pressurized air receiver) b siac o) s Jifius =
(solid particle receiver) claa <l ja COLELG — =
S Al g il o g Lolat Lo sl Y o A sa¥) COLEILA e
il

S all A s cillanse
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s £ G A 565°C
S : Al § ol gl 553

cliugds [ Uge

Mol =N i (<
A S

i
A

IS L)
m&"&-‘{,‘hﬂl Sl A2 Jiia

Lpadl) LR &l (27) IS
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OB Jiik (28) Jsi

Loa ) coliudl) (38 68 usadil) Jial) USG5 35 il Jiiiudll g 55 S
e A gaall LAl (380 55 Laty Jaiecdlly Baladl) asel) Jisl) & 53 e
ahd) JS ol doa jall el s 8 il o el Jaal)
Al 8 e wadl) Jiall e (aliaiel) canlsY dpa sl
oy gl ) gLl Jany | iy sl Jaly pabiaiaY) canll ) 55 48 gaall
Gl mhuw aaheal ((aperture) Jiiedll dss clas YA (e
L )lie b gaall AN & Ay ) pall il giall (mddiy | aliail)
338 ypall dpsadll Aa) jani A8 gaall cOLELAY Y | doa LAl COLELANL
Aa LAl cOLELAIL A5l o e ) < cSuial) a8l lae sl
s Jaiadl) 8 aadial) Jpaill aile o5l L L

(water/ steam) Ay ol -

(air) ¢'sp -

(molten salts) s jaic ZOi -

(sodium) ps e -
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a2 ) Joal ) Sy e Jiindl) mpanais Julilll gila g 58 e e
D) dadis )l e

s fola lasind die 300°C N 25°C e

daiiaall &g 3l aladtu) sie 390°C (A %%

3 ygmaiall ZOLY) alasin) xie 565°C A«

Sl aladiu) sie 800°C ) dsasll (Sar o

@ Bl B )5 i Alls sasy 8 )l sall Jyead @le 51 s a0 (5 sl
S5l de gana

LOCIRD)

>

>

L)

.0

obsa/ Ay adbay Joliaa pllaS ]
o ansd 5 a JE S slaall st Gus caUail) 138 (29) JS puaa s
W ) Uil 1agd A 511 8 aall 135 3 pilae LA L) dds Juindl)
Al 138 Casae 5 ¢ a3 (s alail) OIS 13) 138 ¢s )l a dalie I Zlisg
Y
600 kw/m? Y 300 (e Jincdll ol il 350 m
13 bl e Taall e a5 ) gem 4 A A8l () 5S5 m
A st g Ay )l s SVl g jaT Jaw g ) Al Jy a3 g
RS ECIA
asarai die Al 358 5 all 0B adle 3 Ala el i Cany m
selasll e Calle Ll ) o Al g ¢ Jaidl)
e Ol A aadiul ¢ 48 el dpedll Cllasall aladial Jill 4w
=85 (o g~ zo%) Gl e (oil/rock) sk
OB S e by | 315° C o Cull sl a daual aa
Ay il Acaddie A8 3o S g Aaddia )l ja da joal G 3al e
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olae/ s e s ol (29) S

: speaia e gley il plBi
i pleS sy dde jgaaiall mlal jiing ¢ g sill 138 (30) JSS sy
138 zadle any L e Apaleai8y) atalil 5 CallSll (caladiy | kais ) yal)
J\Aa/a\.:meh:h‘)mujcidﬂwuagﬂ@aﬂdjh =
(800 kw/m? S 600 ()
31 all J8 &) ge Jlae 8400 40 0o ST dlec 3 3w
Alaa clldg i) ) jEiul Vg o g Caaag ol Al gla Ayie 53 38 DA m
5l g sl 4l
Q‘)A?)Q‘Zu—ﬂa)ﬁﬂjml‘wUMJ‘M‘CJA‘ u
sl lazaall aie ALl 8 ) gall 45 w
b s dle 5)) a) Sl Clin 5 ae 48 gie Jplis )l yada 0
(e
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2OV 5590 4 deadiisall U 3AY 5 Clalasall 5yl gall piai =
k) bl dadaif 8 Laigy c(faall o glie) s (ulidinn (pe d3alul)
LJAial) ‘5.1}1)53\ ;\Lal\u.acuak

seaie zle lan /ol DL (alliad (4) s> s

e el ey s o5 (30) IS

Haia e g /olie COLEILG ailad (4) Js

zle Jatint | /olse i 3as <l yaiall
gaie O
566 230/ 525 (°c) TN
g A
550 350 (kw/m?) | héldl sl
800 700 (kw/m?) | o=d ol
- 100 — 135 (bar) Jaria il
85-90 80 - 93 (%) 5o LS
)l
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Jils 2 939 g il Jtina allai 7
chaa Bua Bl e J8 pailiads o s seall ey ¢ alaill 138 (31) JS3 Gy
Jatiial) dalie e i Aasdie 4y ) ja Cila gisa 4l
sl a0 guall A5V ) haaal) ek jgaaiall wlall ae 45 jlia
e Jiiall Jils die (conductivity) dalle ) s Adgpage =
(1500kw/m? (s Jef) e uad i
clall &5 )la (4 e J8 W 5100°C 2o p g gaall 2enidn jy
il
Gl o A Jdall mend Al 873°CAdle (Ll dx o gpall w
(Brayton power cycle) 05 » (5585 53 4allall 3 ) al)
ol ki 4l pall Glagiialy Jiiadll aaa e JS iy w
Jumd) Juianall 368 5l Sl
psnsall COLEAl @ile i Al dal gl e daell aa g (S
Jal gall 038 (pa bl il
e il 5 all (alidil s Cllall o) gl S A m
CrpaS s S daladinl e asg ) 8 & 503 wall (specific heat)
ol 5l
OoAN aaa S () ga5i a5 seall dpand 4y ) jall dadll (alids)
aisal) t\.&'j)\j
die eV 8 335 sl g a g geall Alladll jue Aaglall olis ) w
Al hlaall Lying ayenal
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% My T Mgafdiys
A b

il 323 e @l st o5 (31) JS
(Sodium/Salt Binary) gle/p s 3@ (A pilay Jitiea allai

iy Ly Jiluall (8 JleS o 03 saall aadi | g 5l 18 (32) IS G
Ol SIS 8 313a) il aal) e sl Cua allaill 8 0 385 2leS
G5 g3 yal) Jail AT jluse Al alail) liag Allall o2a 8 (Sl

sl 2l A3 die 43 4 g3 geaall (5 ya Hhalae Jii aUaill adad )

S m,' du........
5 > e QA
I U;L.... -’JJ‘/“-'-‘-\)-'

——

dia a‘-\- Aga FEV
i gala ‘JJ'J“ d-ia-a
Tl ppig . 3

\ slia ~ >...,

e‘-uba b O

e/ 3 3o G ailas it ol (32) UK
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(Solar Tower) (swadd) gz ) GG

535l A8l r s ] AL ) By 51yl 5,08 e oyl i ) iy
s [ b Jin gl Jase Jis r el Jia) g g pla V) il
el Jiall g sil i & all (Gl @ 165531 G A83al) (33) S a5
(Receiver thermal power) Jaiwall 2alaall 4y ) jall 5 508l b gisa g
i alelyV dlly (S5 e 150 Y50 o zodl gl 5l Wle
el S el ) duil) ) 2 (St o i aledl L) e oas e
303 LalS gl ol el 35 lamal) Lgamy 328 o 0 (50 (Ll
Lo Aaall) 1501 e e 5 g g LY

(concrete tower) (Ste Al =yl -

(steel frame tower) wblall = - -

@A diies) e Al Slujd el z 2 (34) S o

(“sne Jailuna

300

200

(m) zodl gLyl

| 1 | L | L
400 800 1200

(MW) 4la 308l

b=

(ol Jial) g il liada gz all (Mal) 143 531 e 483 (33) JS
w\%)\)ﬂ\ﬁjdﬂ\ Qb)JMj
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L

Cigae Jifid s oa A il asadi 7 (34) 0S4

(S s (el 7 ) eal Nie

120 m o J8 glas, 1 o6& cbiall 2 5l -

120 m oo S gl 058 Slyall z 5l -
dakhiay Jiiuall ()5t gl mead Jle ) is dule 23 g L
Jhie ) B el 335 o g IOV Sl A jaall Blaliall (mny A5 2l
380 MW Abaaal S sl gilall g 5y Jiiasdll anay 0055
Jias 170 m— 140 m oz sl iz » gl W (1.3 x 10° Btu/h)
058y i sl Ul ey Lol

250000 kg S o503 saeall aadiin (Al oo jlall Jasindl) (55 -

2500000 kg ol sell osaall Jiinidll 035 ¢ -
z) Y e RS B eS8 lall JSiel) el o ) sl Jilas iy
J8 Al Al ) ) A ) 5< Lai 120 m (e BT cle L0 sl A
120 m e SY) clelds 0 aliall 21 Y (e
illa b i) CallSi s = ) pliiy) o AR (35) JS6 s
A el e pe cAdline ) gl ) CallSs ccalall s Al il 21 YY)
o deady o JlieY) & sl die ()l Cadlial) Jasindl)
(gravity) 0.25g =¥ de s <40 m/s (90 mph) Lo e

éﬁﬂ\ﬁ%\c}&h
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S all Adall = 5 ddase Sl K4 (36) JSE s «(1981-Battleson)
(o) Jasivall — Jaall)

10 —

@
|

&
|

($108 ) zo @lplil] @i
|

~N
T

(m) g glis))

gl il (8 ey Gl s ) i) o 48D (35) S
L)l sl 3l

Jisa
Sl s il sIA
A
A £ 8 sy
(700°C) l slA
ol S ) gl slua

N
100 — 200 m : g gU,) ,
(C_).J\ M\-dﬁﬂ\) L;_}S_}‘J\:@UJ\ C_)JILL:M&L\L\_,S.A(36)JS.&
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r/ h 4l
Al e ) 335 O o g 3S el gl (6 8 ildans aaenal die
Cusr/h
ol gl i=h
i) =l e Gl sala 2l G il = ¢
6.8 & 5.7 w1/ h Al &5l 55 5 S el g ) (558 lasa leY
C_m\)' LJS} , (blockage effect) é.udbﬁu AU LIS :t__uuﬂ\ FRYY C_m\)' (ALY
(attenuation losses) G sill <l siia i) 3 LS (Tkm o ST 1 e
sl &h a3 (36) JSd sy
DAL G clin sy (e calias Al g i sale) s il G ddlall m
O A 5 AR Jaiadl) Sl 8Y) gl g g e lii V) m
(i galel) o) 1

-« r B

r&h i =i (36) S

@S Al Al iy cdase
-115-

WWW.DZPEN.COM | jldl



;é}ﬁ\ PEBAY ) Gldase & jeaa

by csalal diinn ) Wlgats &y padl 4yl sal) 28l aeni =
4 sllae Al e 4y ) ya A8l

e K Alle 3ol ccamia 1500 300 O Sl Ao Juai m
LS (A gaall) 43l  daanall 43l

Alle 3l ja Gla yo aie 4yl jall a8l (a5 =

Al (S 5% Jae 12) Lpwsd il ol Jf o S i) Sy
& 9l 4oy I i)Y gl A 30N il mias

Lobait) 4S5 Wil 5 (10MW (e ST ) Alle <l 8 ) Joai
oSl alulaal

Al il e (hybrid) Gsell A58 =

il 2y 5aill Juzadl) il

Juaidll o) Al el of Gl Lie jaay ) w

5K Al s B ey 4Tl rlall (S o i Cian 13
A i

dalall dic oy a1 sale) 5 48 ja (S 438 bl i) 13

25 38 al) Bl 7 llana G g

o Gkl g sill ¢ 1aY) dad 5 ol laiind) g Jdil) CallSi UG w
Lol el 5 (5

Uaddly dua g guall LS gyl AAE jé 8 e 5ol aae m
Aalall Cag,lall & 50 < Adall il

Slo el dadl €5 o Lliall Gueill o ol pliad w
(anall) i salel)

¢l JSlid dailua ST m

plladly (g 38 pall ol (5 98 cilaaa (ary pailad
(Source : Sl z ol 5 B Cllasa (ary allad (5) s a g
NREL)
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z o 8 lhas pailiad (asd L) G (6) Jsos O
(Source:www.cstep.in) 4l (5 38 yll
g oA 6 8 Dlhas paibad Gasd 7 ol g5 )] Qlly (7) Jsas s
Al (58 5l
1) (7) dsaae Baadu

r/h =104 & ISEGSdasdl o

4 Julich solar Tower&Sierra sun Tower (xihaddl o

r/h =23

r/h dd) b WGISEGS dhaall r =1400m o Casna) (10
7 on B S Gt/ h Al 2 QY b e 5 <10 00 ST e
1km oo 8l 1 asenais @lld Giady
8 Class (and (5 @l de gana g Jifuall (allad (8) s> maa g
Alal) (538 5l 7 )
a5 L all el s g3l clela G (9) dsas of S Al
& Sl 7ol (5 8 Cllana e
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(Source : NREL)s Sl g ) 598 cillana (any paibad (5) Jgia

S200 S100 S50 S3 S2 <l yial)
(USA)
2014 2008 2006 2004 1996 Sl Ay
oSl oSl oSl oSl oSl sl 550
200 100 50 13.65 10 330  Jlaa)
(MWC)
74 73 75 76 21 (%) dandl Jale
148 148 95 95 39/95 | i siledl (ilia
(m?)
Oe/zla) | /gl | Oae/zla) | ezl | Dae/zla)) panal
il alel)
261 1.32 0.72 0.23 0.08 Jiall ulia
(km?) sesddl
1930 1110 710 280 100 Jaiaall daline
m2
1.6 1.4 1.2 0.95 0.8 i aal
Lo Ll
Ll
MW/m?
0.5 0.5 0.5 0.51 0.6 O gl
il /o sia
Ll i
0.8 0.7 0.6 0.49 0.48 ol o sie
Lo Ll
Jasiedl)
(MW/m?)
13 13 16 16 3 oAl clela
s~
13.8 6.6 3.4 1.1 0.4 oY dalus
km?
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38l o) (s 68 cilaa pailad G Ll U (6) Joa
(Source:www.cstep.in) aidl)

t\.&'j)\ aaliw e Axl ALl Aandll eu‘
ol | aam | bl | MWe
(m) il galel)
(m?)
115 120 624 11 Lol PS-10
165 120 1255 20 | Wil PS-20
46 1.14 14280 2.5 gl ACME
118 100 100 1.5 | o=l Dahan
75 121 69 4.6 | Wau | Solugas

140 120 2650 19.9 | Wlwl | Gemasolar
140 14.08 173500 | 392 | Sl ISEGS
55 1.14 24360 5 S ! | Sierra sun
Tower
60 8 2153 1.5 | W Julich
solar
Tower
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S8 gl o clhaa gailad (and ) gL ) @lily (7) Jdsea
(Source:www.cstep.in) daidll

r/h zod el ) R FURATIN
m Al
MWe
6.5 115 11.02 PS-10
5.6 165 20 PS-20
46 2.5 ACME
118 1.5 Dahan
6.2 140 20 Gemasolar
10.4 140 392 ISEGS
2.3 55 5 Sierra sun
Tower
2.3 60 1.5 Julich solar
Tower
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gl s cilhaa and (o 68l de gara Jiflisal) (ailiad (8) Jgo>

(Source:www.cstep.in)aaill s S yal)

S Al Ao sane Jiaall
Wil | daye [ball] da s | ] gl | gl
s Al | (bar) | soloa | Ul | Jla) dasall aul
°C zoad | Jasdl | 5, sl
°C °C
<k, | 250- 45 250- 50 sle | B PS-10
300 300
<k, | 250- 45 250- 50 sle | B PS-26
300 300
by 60 400 | 218 sle | B ACME
b 400 | 104 | o | s Dahan
850 10 850 sl | <sxe | Solugas
b 656 | 290 | &z |<«ilsku)| Gemasolar
spaie | A a
cals 566 | 249 s | Jakaia ISEGS
>
b 440 60 440 | 218 sl | «wei | Sierra sun
(S Tower
>
-wb | 485 26 680 120 elod | oo Julich
cals solar
Tower
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698 cillana (a1 5 Ll el clabosa g o a0 clebu (9) o

(Source: www.cstep.in) ¢Sl gl

KALA.&A

KALA.&A

Aaliw

Al

A sl Cile s (ria
daliwe / =) /4 all s | Wl | odssd | ogaadl |od
o= Gl Gl ha m? MWe MWe Lasall o
S <) <)
Llbw | m¥MWe | m*MWe
Ll all
7.4 44918 6125 55 7.5E4 | 122 1 11.02 PS-10
53 36000 6750 80 1.5E5 | 22.22 1 20 PS-20
3 19425 6489 485 | 1.6E4 | 25 0 2.5 ACME
5.2 31200 6000 5.2 1E4 1.67 1 1.5 Dahan
7.2 13043 1815 6 8.3E3 4.6 0 4.6 Solugas
6.1 36746 5992 195 | 39E5 | 533 15 20 Gemasolar
6.1 36148 5857 1417 | 2.6E6 | 392 0 392 ISEGS
2.9 16200 5534 8.1 2.8E4 5 0 5 Sierra sun
Tower
44 45715 10285.7 8 1.8E4 | 1.75 1.5 1.5 Julich solar
Tower

O 2 s s (bilaly PS-10 & PS- 20 ihas (37) JSG zuda s s
oeadl) i Al dadizall L) yall 8 g — i sils 624 220 PS10 dasy -
Juinl Jlea @ G il e ) Gaedll Al Sl Sl 5 calall J1sha

1255

a0 PS20 Aasall lays A jlaad) Sl 5ill 5 dpesadl) 48U

Lo gy edl) ity g Al o pe oS 20 2y e g g pdall 2y il syla
2w B LSl Al 46 HJall (g ARG i o ally el 9 Jana
(39) J& Gawms «Solugas dbhse (38) JSS maamy Al

(41) J<a L

«Dahan 4ass (40) JS5 ma sy WS cACME4daas

Wi, s&ll€ Solar two dass pea o
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ACME4aas (39)J<s Solugasibas (38) JSi
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i sillS - Solar two ‘Unn (41) dS-w
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o) L)
(Ala pdd (o ga laana s 98 cillaaa
Parabolic Trough Collectors Power Plants
(PTC Power Plants)

Wl san cidl Al Y oa dpsalil) (31S0 add (2 5a Claana b 19S5
s i 1) 591 plial) 8 13 g g Ay a1 5 3
PRV < &L\L:L\:ULA:\M Caaiia dia 1_.3.1_)_53:\315.1 ‘éﬁus_}n ¢l yaa gf Clasg
Aaniiosall 4 ) jall Z8UAD) L) Cilaane (ye 1an S Jgia 3 sicciandll
(Rankine steam Ase /Cmosi OS5 355 33 sall ) Zluy
e i pana IS Al yeS) A WY turbine-generator cycle)
GLA s uicy‘-m]‘ ol gl S0 dﬁ‘ (ol (S g pSle
Cilaas ailiad (1) I Cus 4yl ZUY Led 3
L sllS s 4 ) al) A8 Ll

(Solar Energy Generating System) SEGS

A lyal) AU 2l il a3 sadll S (1) IS

(S i (5 Clrana 5 5 Cllane
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L sdlls Gisiag SEGS clhas pailad (1) Join

A Belis Belis dalua faall da AL gl ddasal)
5 sl Ly Ly ) Jaall piiual) N gl HW
annual ) 2,58 1) Ll randtd) Luz) TAa Net ) Jaadal)
(output Fossil ) solar) solar) (collector Jaal) (output
(MWha) turbine turbine field solar) (MWe)
eff) eff) area) outlet
(%) (%) (m?*) temp)
O
30100 - 31.5 82960 LS-2 307 13.8 1985 I
80500 37.3 29.4 190338 LS-2 316 30 1986 I
92780 37.4 30.6 230300 LS-2 349 30 1987 I
92780 37.4 30.6 230300 LS-2 349 30 1987 v
91820 37.4 30.6 250500 LS-2 349 30 1988 \%
90850 395 37.5 188000 LS-2 390 30 1989 VI
92646 39.5 37.5 194280 LS-2 & 390 30 1989 %11
LS-3
252750 37.6 37.6 464340 LS-2 390 80 1990 VIII
256125 37.6 37.6 483960 LS-3 390 80 1991 IX

L) AasY) aand 45 dpsalll 4 ) yall A8 Al (2) S mua sy
Jsmn pllai 4 ol all &oadl gl sl il 8) (heat engine)
OSar Al Al ddl ) AiLaSl) AUl 5 4y ) jal) A8l 51 sl
Jaill sale s IS (pa elld 2y SilSe Jandy Al aadids of lld any
(DY) 5 ) pall da o dla L Lladl 3 ) all 3 50 Alla g

paal) Jsdily ey 585 (sl a OIS o (s Adail) oda (any
3 oa ey Hlad) A e @by (Julll gl 5 dnluall o) saY) DA
cMBJ\P:\.;)J&wJQ .\.1)3&)\);‘\ ﬂ)ﬂ\ﬁ;ﬁsoy cm\_md:\mﬁ
MJ\)AKAJJ&LQ:}J\JM\ éAAA“EC«LQSdSJLA.LU

Lol abil) e LelalSi AulSaly 4y )l ad) dpsadll il 3S el alas jaali
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(Solar concentration, concentration ratio) Sl dswi 33a g

" 2 e Al folds ;i times | suns: UJS-' S Al m Baa g
Ban g () O s Al (5S35l " S je a2 ) ) S

- Measured in “suns” (the square of the magnification)
e.g.:100-200 suns

- Or in times

e.g.: 500-1000 times

- Or in folds

e.g.: 100-200 folds

- Without unit

e.g.: 60-80

HSa adad (2 5a Clrena (58 Dl
-133-

WWW.DZPEN.COM | ji5=Jl ok



(Supporting structure) <l Ja

kil g (o< g panall JS2 (8 Bl
oabaia¥) gl s AuSlall U el s m
(ol il D) A Al Clalga) Jasisle )y m
_BMMM\@EW\ O‘JJJT’CL““J‘ L]
Jshll & alias Al 5 aaaall JSbed 4y )il Sl 5l 55l (0 dy2ell 22
oAl Gl Aaadiiall Balall 5 panall dat
el il S (11) JSS s

(Reflecting mirror) 4wslal) <l yall

ST 3 o588 (5 o S ol (S (85 pae Bl sha Ll e 0 B ke
e el U paliata¥) 4 il o oasalil) g lai¥) (e dalic 43S
Jal g2l 15 ¢Sl uaal e J eanll lgha sun 5 (aal) 3 graca )yl
WU 5 Al das e b 55l
2 Wl pal) il

(90 / 96 %) Alle LaulSxil =

(Jshll A gg) 00 ks

die Sl pall 3 ) sai Ji) (stiffness) (5 stadll) pupiill 321w

(ASaalin Jaal (il
Ll
Uaddie i gladl m

HSa pdad (mga Claena (58 Slasa
-134 -

WWW.DZPEN.COM | ji5=Jl ok



Llaiul o 5l a5ley 20 sl ) - (L)l 43La)(Stiffness) Aduall
6:\..1‘9‘)4 ‘):\Si ua‘)aj\ uLSLAXS 63.{9‘)’«3\ B &:\AS:\M e}@.&d“j M‘ 3)&
(88 ld LIS

e ol 2 e sl Jin A3 jaia Al gla) Caai B je (12) JSS a s
ol ) je S (13) JSE msns i) sl ¢yl 3 sy

Yl (o g siaall gl JS Ll 6 S i a8
A

geaal U e i e (13) 28

HSa pdad (mga Claena (58 Slasa
-135-

WWW.DZPEN.COM | ji5=Jl ok



(Absorber tube) yabaia¥) o sl
Jaxi (5 (15)¢(14) 1S5 (A LS (S adaidll 355 (A Lgaia g0 ()5
S Jae) 550l Jii gible ) (il s:ladl L) Jpat e
U2 aanal Galiaia¥) Gl (16) S8 e s (sl Jaly L)
o) Y B M e i1 oL
) Girag i
DUAa Sal) -
s Sle daad (Al g e ¢14 (air gap) slsp 335 =
Jua sl 3 )l jall Cily gtsa (e aall -
32u8Y e el e -

S IS NG CRPH: Ry
e 70 o jia 4 Jshall 1 (abeaie¥) gl Jia

(optical) & e paibad aadl 4l (<5 Gy Gabiaia¥) il panay
bie V) (335 o g penall 4 jemy 36 lS sl ) J gl
z=93/97% %Y z\a 3 (transmissivity) Jill dele o
a=92/97% il glaal (absorptivity) Auabaic¥) e
(oAl sale 83 sall saa) Jadas & dpaliaial))
Al il ¢ 6S5 ¢ Gabiaia¥) ¥ 4l all il gidall
DR Al
glad¥) Gl sile g )l A0 -
Clia sl S puaal llyy €= £(T) _bisall oSl Ayl -
3ol da pd e 3 Sl

e salall maud 4l 3 )08 a( Emissivity) (8) e 33le ddlagil)
Aalall ) salall (e Aasial) Al dass o4 g g Ll (51 sk (e AL laa)

HSa pdad (mga Claena (58 Slasa
-136-

WWW.DZPEN.COM | jldl



salall 5080 uld a5 L3l all a0 die 3 su¥) aweal) (e dirgiall
(rstad) 28l gl e

ia e Jsb o pale gledY) 0 s3> sa(Absorptance) gakalel)
(Oze

el glady) L oa(Solar transmittance) Aswedd 433\l
(AP e dEE g 2l e L gee EalA)

ey o gl

Astadi L) pall

el 3 paliaial) sl gage (14) IS

HSa pdad (mga Claena (58 Slasa
-137 -

WWW.DZPEN.COM | ji5=Jl ok



&l alalal o gl e Ay

2
Z
7
4 )
- /
Clfoma ey R s S Hlita

£ A8 adab i ga panal (abiaial) Gl (16) S
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Gl (17) Jsi
S = 0z = zenith angle, measured from vertical
= Caudll :LJ _3\‘}
Y = 0A = azimuth angle, measured from north
= 4@y Caandl 4505
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el = elevation angle, measured up from horizon
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(Layouts for PTC Solar fields)
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LAY s M SS all Al i 5 ol ) oS5 G e JS) Al il
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(Parabolic Trough Collectors)

s A 3o el Y e il sall Gl 53 ¢ o5 ol ble ) e Loanl cany
Gl gitall 3oy ) syl sall Jsda () sl adl ool AUS ane Alls (&
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) il ([ elallall

oy sl 22 PTC AUl sl Jinl b gl I 01 e
Ay g ade Gl 4y 5¢ill Cash o 85 (Venting) 4xsed <5k 5 (drain)
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(Piping Characteristics) s sall pailad

LS (Lok)  (loop) 4ala JS sy duasill joul e Ul i -
(22) Iy
5 (sall) Ay lafiny) CallSall G jliay Aty sl gall (ulie Juzadl
(pumping power gl 5 ,38) Jpiall Calss

@l el Gy el andsall 30l il Bae ddlnY Uy -
.(loop) 4l JS1 J g3l ~lendl

o Sle yu Juadl e Bliall saclall @il jaall ki lasa aly -
ol Jiall e il Gaghiall jacal) Hladl o S

Loop 12 Loop 2a

I Loop3a  |oop 4a
- >

Loop 4b

Loop1bY Loop 2b

Adla JS 2 Juasill ol e il (22) IS

£ AlSal) adall) (i ga il 38 ya il gSa

ok e 3 kee Lle e s Aay )l (e (S pdaill S5 () Sy ale
OSlall duadll (ama (e Aliay dpuSiacly ) s e ( 4mm AAS) 2l
Al Gare ald e Alas Oilaah 4] Wliaa

Le 5 (collector module) J s sall sa anaally ol (o sSall o S
= G A dal s puad pane A8 sian (9 ST 523 90 12 gy
(SCA)
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= Solar Collector Assembly
= Solar Collector Array
sy o A8l ahaill (1 . pane A8 hian 5 52350 (23) S8 s
sl Jaally ¢ Sl adaill (im g <l S 5a il S (24) S
2 (Al adadl) (g cilaana il A S A gl
American- Israeli company Luz industries Ltd.
A pland) culadial) @i
150m,100m 4« Euro Trough (ET) geax -

LS-3 & LS-2&LS-1: <) sk Classa -

(S il a pa laanal By puad) s dpnstiel) UL (2) soa o

12 554
1gam 280
4 paaa 3

g Sl adalll o g pada
s Al adadll i sn pana A8 shinn 5 J 3 50 (23) IS

& jaal) s
SAsaed!

il Jially ¢ HSal adall (im g Sy i S (24) S
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(ASal) adall) (s g cilaanal 4l g dpdigl) i) (2) Jg2a

ol | s | sE | dales | dsk dsb | Ads | Gas | b
BelS | etigl | Jiedd) | el | meaald | il | Sued) | Asuil | asall
R (m) (m?*) | (m) | (ds=sad) | (m) (m)
(7o) (m)

71 61:1 0.04 128 50.2 6.3 094 | 2.55 LS-1

76 71:1 0.07 235 49.0 8.0 1.49 | 5.00 LS-2

80 82:1 0.07 545 99.0 12.0 1.71 | 5.76 LS-3

78 50:1 0.04 424 49.0 6.1 0.76 | 2.30 IST

80 82:1 0.07 817 150.0 12.0 1.71 | 5.76 Euro
trough

77 75:1 0.08 750 115.0 13.9 1.71 | 6.00 Sky
trough

e (Aperture width) 4l (e

e (Focal length) 33l 48lue

e (Length/element (module)) Js2sall J s
e (Receiver diameter) Jiiuall ki

e (Mirror area) Ll _all 4slus

e (Geometric concentration) (omigl S il
o (Length/ collector) gessll Jsb

e [IST: industrial solar technology
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Pldle s -
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o s il Glalaidl e e sl ¢hY1 lieY) 8 1Y) aay LS
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il el 855 el xie
21 oo i) 3_edall die Jdna o gl araaill Adads Gl g5 (10 ) U Bl
oAl z oAl ¥ (Aaca Y15 S e el Conaill b g s
2l 5 a3l 13a e ol 65 O sin — Jled dgaiall el
LY sl e O5Ss Bdie (g 5 o g die puedl) Jis) paa 1)
(2 Aadlill 4 ) jadl d8Uall 30y il @l 5 S (5 5l a0 )35 alladl
Cayall

HSa pdad (mga Claena (58 Slasa
-149 -

WWW.DZPEN.COM | jldl



g ¢l padl & sall randl a5 cananail) Adati o Hl 5 B 5 2353 yay
5 il el plad) e ) Gkl OV (g asaall e X
Al Al (m h any asenaill Ak die (Aapsall 3 sl da
oA/ 5l a cila s GS el Jial (e 5 yaeadl) and)
A debia clle 5 sl desene o33 il Jaall
Gt Lo Apnaail) 2l _al) cilanall il / Jaaall 5l a cila 3 - ) i
JIati Jprodi aileS daxiiaall 450 all gy W Y « 293 °C 5 393°C
Aaaall LS 36l bl ()55 5 ¢ 398°C e (e 31 a da ) die de
oall) Jasl) 8 100°C s 5 oa ds )35 ghad 2ie
I A Jasadll aila jLid)
O "iSa phad Gt el il )l ad) disadll ple Lia) ey
Cilaana 3 5)lall o3l aladin) LD (e el Als e 3 LpeaY)
olaall alasiv) (Say . 200°C (e (et 3l all cila jal ¢ S ol (a5
el il Jala o sllaal) auill Jazia (e e f A ) adariay JiLusS
Loy dadi 5y e zlind Sl 5 ol Juaciill 5l ja s die sl
el Jial) 5 Claanall CadlSs g i) Ml g 5 g8
JoSila /3Ll (e Jald aasiy L) 200°C oo T 51al sl
G sthaall O Jaadi Al cda graiae Jilu 3La sl (ethylene glycol)osslsy)
AL A el b daus gie Jaia vie i) e Ll
s Clraaad 351 pall dysadl aileS adalind Saxde 4 )l ja G ) 25
a0 (ol Al () 5 e 31 e cnliall g il RS Cagy S adadl
Lol sl aball glea 2w (max bulk temperature ) )~
) 5 (S adail) g Cilrana 8 deddieadl Lo sad Y g 3l
e hls 8 395°C )l oa da s daad

73.5% diphenyl oxide -

26.5 % diphenyl ( Dowtherm A or VP-1 thermal oil) -
LoalatY) (e SV 2l AL jleal) Adas Ll g 3l o3a
Alle slis sl n da o Al O 3l (e g sall 1agd Al AISERN () oS5
3l s allas ) #Us3 1M 5« 12° C (crystallization temperature)
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Agaalloda (pe i ) i) G 35 ) pa A Cuzadd) 13) ac b
a0 5 OB e Juand s pa Wl Al sl g3l e s AT g 15l aa i
Cisiy s s ¢(Syltherm 800di<) Bl (solidification) a3 )
RISl A

add) Jially Claaaal) Jua 5o

e Aaie Qlala JS5 8 clrasall (e juS 230 (e oell) Jaadl S5
(sl e dlaie Glrana o (5 5l Gaiia (e O ST A8l S 5 (5 )53l
Lpadll @3S el e sl (e Aaaad wed Jia (28) JSE
150 MW G Wibauds (o S adaill (12 g Yy jlail

pulll | usad Jiny Clareaal Clila g Coghial Jiad (29) JS& s
lalaie ) culeUad A gl CuleUad Aay i of cpelad ) wedd) Jiad) Cilacas
el ) asedl) Jlaall apdi gy (30) JSED Jiall aan e

Ayl dpadll i 38 pal) cldasa Jsl e (28) JS
150 MW sy Loy (2 ASA pdall (20 )
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dal) & sl o dlatiall Claasall

A Gy Ao caa JSI gl e Alatall Cilrasall dae aainy

Ol QS WS ¢(nominal mass flow / row) —aa / (an!

Sy @l st Dl e dlaiall Clrasal) sae IS LIS e

aall 7 a5 Jane bl yall da el _an) GaDERY)

«aall A J gl e dliate Glaesall e eSS 23 aladd) cuw )

3l s da 0 DA aead e 30l Al (5K Y aal ) aeaal) O s

ol L M Juaail) aile ZBSI Gy S 13 LI Alle

A bl diend ale

ey el A 5 J8 ) Ay Ua) Allall AWK () e DS,

il A ie a5 (8lS wlab mga

Coa 08 3 5 e Aleaidl Claaad) 3 e Jeaniadle

e el Jiall s 5 dase G )l pall da o DA el

die aal s aane (3o Lsle Jpemnll (Sar S35 jall da 3 Cadis)

Sk Wl S adadll (g Clarane (8 LIS axiding JUaS

1 YL a3 5 EuroTrough-150

S e 150 Jshas Claane 4 o (5 53a0) e 600 oall sk -
(sl o plaia yia 100 dshy Dlzans 6

=8l al A a3 3 o slhadll () Al oy SUALSD Gl pe -
bzl aliss) Clua 5 Jis Al 5 Glrasal) Cua (8 100°C
S Aulie IS e 1 all Jy gt Jalae

55Kg/s (s caua JSI wilall ABS ol jual apanaill ddaii (S5 -
25°C pane ISV} jall i yo Al e

Ota dpasis sl e dlaie Glaase (31) Sd mams

Jamge 12 (e panall Gl Sa g Baa) g Al & Cilrasa
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Ariuizd &‘9“
Bh‘)&uﬁﬂwwwﬂ(3l)dﬂ

gj\‘gﬂ\a’l&w\d‘gw\ -

8 sall dae paat A ccaally gl e Alatal) Clasaal) 22 3088 0y

Lyl somll Je Gdall de aaday Jaall gl e dlaidl)

Adagiud) e licall chlilaal) 403210 45 slhaal)

ol Jaall (e dainall 4y ) jaldl 3 a8l ) 1 SYIS o ganall axe aasy daliy

(M\MﬁcJA\_,@AC}AEJJJA\LU\J;J\BJJQ\/

Jaad) Galie Caliay o3 a8l i Ll 4, ) ja dpsadd O3S ye il of JaaDly

Nal ol i s o lalie] legie JSI sedl

de‘d:‘z‘“th

L;J\‘)aug‘)asel.k.iu&:L;JMSOMWBJJEMQ\JSJAKLM_
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4 Je s siny Caa S cciia 155 (w Jaall (5S4 « | GWh Ay
&on 5ie 510000 2SN Cilaanal) dalie s cilaana

(gl p)Ad el e (s 5a3 Y 50 MW 538 4l &l S je ddasa -
dalue 5 ¢ Glaeae 4 o (gsiny Cia IS «Cia 88 (e daall oS5
e e 288000 AdSll Claasll

adai o 4 ginall 43S pall Apadl) Aaaal) Jia o) CBDUAY) 138 o
ooty OS54 ) )l 48U (PB) 5,28l Ao sane add (530 Y (5 ) s (30
5o de sane Jaindi e dailay s (g pall Al i 4 Liaf
33l ki (e p Il (gl paall g 2 axsde i 7.5 sad el Jaally
ALY ¢ Liad) g Calia Lagia JSU asad) Jaad) () V) (pidanial) LIS 23l)
A gind) Juszll e by aae GDUAY

(H) <aoa s (I) Soom 83 o ouuedll Jiad) S it 5 0%
Juse ady (1) Coa J4 o wad Jae 4 5 (32) 84 s
Orelladl) Lo ande JSI Gl

Jase a5 ((H) Cioa JS8 o el Jlawe 448 5 (33) 83 ma s
Adlal dluadi b Sa (34) JSG (5 lellai 4 e aude JSI Ol sl

laane
Jaadl L s gL
N N sl A.Fw JSI - -
s gara
{ sl &
!' ‘IJ¥—kﬂa Ji}ﬁ-.[//
uu b

AL e ba o sas -

3L 5 la ¢ sas

(1) G S8 o e Jlae i 5 (32) US4
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L) s I aa ol

ARl 3 la & jaa a3 la O saa
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&ﬂ*aiﬁﬁri» 500 Saag
(SCA) gmnt (oSia)

s AN Jaaad ) ASil Sae s i pas
TAY! caia o
> c
&““MAJ“Cﬂ 53l Sae e Sl yaa
Solal Jas

g ddlal dluadi Ol 4 (34) S
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aaall A5Thal) 5 080 g pewadid) Jial) ara la

Y sh ) Cplalad) Byass oty
(SM) (Solar Multiple) (sl islaall -]
i ) el A ie esasfl) Jial (5l sl Al (s Fsnil) sa
38N Chual L G s 8 5 yedall Al Lol apenaill ddais sale
de (PB) ¢l A sane o223l 4y glhaall &y )1 jall Al 4 (Sl
ST L e Liae padiog (V) psadll Jiad) i 4dde 5 dpanll) 5 5adl)
(PB) sl & sana (ia il

A aal) o pal) i (il die 50 MW 548 dpaadd) cilaaall JUias

SM=1.15:1308¢ols midiadaivgmgar dls 4 -
SM=2 8 (1IGWh) Gl (a5 aldai ssm, Al 3 -

300 MW 05 sill i same (yibo L Ausad &) S s ddana (35) (S pean
mall) Jiall (e dndie Al a ol S A ol O | SM=2 Ll
aldai 3 s Alla 8 (5 33 830 31 038 ¢ sl e gl (5l yal (i) Connia

(AT i aga g aae Alla (B jagd o (533

Jaxd) Qs
BO0~ = = - - - - e - e e e e - - - - K -.‘7 =N
~_n.|‘_¢\“ MLH\
e/’/;kaj\uJaadl apjﬁaaa;d

Jlaall O dadiadl a).\'sﬂ
MiWe (susadall
8

el Aoyl g & A A3l
Jﬁ]“.&‘}dﬁ-ﬂé‘
O_

May 06 00:00 May 06 12:00 May 07 00:00 May 07 12:00 May 08 00:00
Jaal) cpeaiiall 41 all 4l Sl &8l 3 el (35) JSS
Opas JDA el
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(capacity factor) daudl Jals -2

5 e Jal el Jaal) die Jadd 1 s A8 CGlelud) 2ae (G Al g
(365 day*24 hr= 8760 hr) dasall Jiss el 2o ool

O8I 5 Qi) el axe 3y 35 s ) yadl oAl dadaiy () daadle ae
L ginall ye dasdllaie 5T gl a oAl Lo s siad danad dadl Jale
G355 50 MW 308 dpsed Gl S e ddaadd e 5 > (A5 e
A 2 0.22 st Lin 0.4 @sbw 4l Jale 8 1 GWh ¢~
SO ()R g e

radl) Jiad) Cilaana 4 5 Gl gSa AaaT
;@mm;&ﬂ\@ﬁwﬁmw\am#ﬂ,amg&d
( KW ) JaJ;ﬁ\c&a;;Au Bdginj\ag‘iﬁiaj\ﬁqﬂﬂ}sj\krﬂ¢g=. 1
(°C) wlypaaz il mda pclaa
(KWth ) (el Jaall o 1N 4 ) jal) d8Uall Clua
Al clalall ae ) pwedll Jiall Glaasall 438 5 Glua
(EONIEERIFEN|
s Bobd JS mad i L Lash
122 gl aaaall Baudal) duui€all 5 ot b 1))

B WL

Qu= FRAa[S — (A /AU (Th — Ta)]

*
[SEELN

-

(aene JTKW) (useful heat gained) susall duuiSall )l jall =@

(collector heat removal factor) gesell 3 ) jall & a3 Jale =Fp

(m?)(aperture area of concentrator) JS_ll a3 4alue =4

(m?)(receiver area) Juiuall aalue =4

(w / m?)(absorbed solar radiation) gaiedll cweadll g lalyl =S
el A vie Uil adpall e Ll plety) =
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(w/ m2.°C) (Heat loss coefficient) &) all 28 Jalae =l |
(°C) (fluid inlet temperature) glell Jare 3~ 4 )3 =T
(°C)(ambient temperature) ol 3 jall da o =T,

(FR) &axadly 5,1 ad) & 2l Jale
(Collector heat removal factor)
(Ti— Ta) aladiuls 4 guaall saiall 48U G asly Jala) 128 Ca jay
(Tpm — Ta) plaaiul 4 gusal) 30dal) 48Ul )
A A giia b ) a el ) Aledll A gl 351 al) G dail g
(sl padg) 1 > Jaladl 138 A ) S
e
(absorber) (°C )uaieall 3l )a da j0 o i = Tpm
2a) g pana 7 A 3 a Ao gl (2)
To=T; + Q,/mc,

(°C) (outlet temperature) g sl 3, = 4a =T,

(°C) (inlet temperature) Jaxall 3)) o da 0 =T,
(kg/s) (mass flow rate of HTF)3_) all Ja adle A1 oy s Jara =i
5,1l Ui il Ao sl 51l as =,

(specific heat capacity of HTF)(J/kg.°C)

La) 13 ¢y slladll @l puaiall (e 22e Cload Lela g 3BGY) (any L b
EJ\);Z\AJJGQEMJ\‘AQL}M:\AJM\ C'_aw\ e g_ahn;jd\_m
AV aanall by aladinly @l g 100°C = Jadl)

Ti :239OC
m =8kg/s
Qu = 550(Kw /collector)
Kwh=3.6x 10° KJ
(S g8 g Sl 5 5 e
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cp =2450J/kg."C=2.45x3.6x10° kwh/kg.C
- adall C'_a\jkal\cﬁ.:u\u_\;.}\_utﬁ
(550 kw)

To=239+ (8kg/s)(2450]/ kg.°C)

(550 kw)
)(2.45x3.6x10°kwh/kgC)

=239 + g

((60><60)hr
= 239+28 C
d‘;AA\BJ\PZ\;)chzg"C QN‘CPB)‘P%JJ@ﬂéi

G 100°C =50 al da 2 02l casthall o Cus 5 239°C (A
100°C/28°C = 3.5 4 sthall Claasnall se

293°C 293°C +25°C }
Aol UL 2 gara
1 250C =50
Al Jgis
@293 °C
glalgea
@393 °C

Aa, gLty 4 gana Aas gt 3gene
250C 25 25°C <5l

100 °C = 5,0all i e 55) ja Ao 2 o i Claasa dila (36) <4

(Pypy) rsadd) Jaall 40<l) 4 ) jad) 4Blall Gl (3)

Pi,= (Pa/mpp) telectric parasitic +SF piping losses
+ other losses

™

] Jiall 2 ) jall a3l = Py
(Thermal power from solar collector field)
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(net capacity) d sl daws Jila =P
(power block efficiency) s sall de gana 3eliS=1)pp
4L Sl wllshll = Electric parasitic
i) Jaall ) se Dila 5880 = SF piping losses

sl

- Ay Ukl s 20K 3 ) jad) A8l Coval
P., =30MW ¢ Tgen=0.96
Npoi= 0.9 ¢ MNearp= 0.37
Electric parasitic = 4 Sl Chldhll= 5.8 MW
SF piping losses = el Jiall il go il gisa = 6. 2MW
Other losses = Al o gise= 12,36 MW

:dad)

Py,= 30/ (0.96x0.9x0.37) +5.8+6.2+12.36
—118.2 MWy,

(raadd) Jhal) cilaana 4l 5 il g% il (4)
: pol pesadd) Jhad) Ay 5 apaatl
aal gl panall 7 j2as 8 -

Al 8 Gleanall 222 -
esadll Jaall 400 4y ) el A8l -

) Jiall (ya 4l A ) ) 3L
(Al b claasal \A;;)/("“MM“‘" ”Jﬁ{‘“
N A;\)Mtaa.‘d\ G)A.AB)A&

) = 43 slhall clalall sae
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: JYa
i) Jiall Cilaasall 4a5 5 o) 280N ALY 8 bl alasiuly

s )

K0 4 ) jal) daual) =Pp= 118.2 MW,
a5l pasdl 7 303,38 = Q. =550 kW /collector
ddlal) A Glrasal 2 =4
118.2x10°
(550)(4)
& Glaanall 2o a5 68 Sy Sis 4l 56 23 e o siatdu i il
Al 8 o (S e 05
aila 56 23e (e Aadiall 7 Al 08 st @) e g

No. of loops = ~ 54 loop

P, ~31.1 MW

dila o (s fiat wad pene 48 )T aphadt s ) (37) JSS s

LS-2 5k
4 A Alaala Siaada
.?u...e.. A e
- BB k_m;
(|
- ['- PEEE— L,
- - | L — —

|

-

il
i

LS-2 Hlobads o (o giat wed gane A 3l anladl s (37)J8G
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:JUia
1.5 km?= (A8 adad (i sa dpsad Adanal Aalie Al
50 MW = 5,380l de sana drw CailS 1) -
(SM) el Coeliaall 40 e
danall 4300 5N 5 y08l) (4i8a Amas oS ¢ KT (g pldail) IS -
: Jadl
A=4A4,, -
Aouadl) ddasoll ALK Aabiwll=4 Cua
(km?)Slaasal) Cilaid dalis =(km?) Agp

_ Pg*SM
@ nxGyeou ’

N=25%, Po =50MW, Gpcon = 800w/m?

o 4 SOMWeSM__
1.5 km 4(0.25*(800W/m2))

(1.5 km?) = (0.25) * (0.8kw/m?)
4+ (50MW)

SM = (

S.SM=1.5

SM=1

2 g(—Perr@®
1.5 km 4(0.25*(300w/m2))

P,=75 MW

HSa pdad (mga Claena (58 Slasa
-163 -

WWW.DZPEN.COM | jldl



dlal) il
A ) al) duwadd) ) 38 yal) clbialatd)
Economics of Solar Thermal Concentrates

dlia Bl gall AUl jauaal Uiuda duily He<t) dBUaY) (oSS

:(Cost of electricity by source)

o el Sl dalal) A0l Jaua il ddas ie ol S Uil A4SH i 2
dasall ol 8Y) jendl IS @l g (a5 /AL Ban gy el g Jaad) )
ppudil) 2SN g0 DS SlieY) A (AT el el dninall La gl €I
Josil) A8S3 ) A8LaYl Al Jale auaddl Jane (Y1 Jall il )
Al jaleadd AaK Al Claa aal o5& Aballg ad iy i)
i) dpa 8 e Sl aibia selud Lgza je axd gl 6 daliad])
Al ) A8l La ol 65 LAY Wk

Aabis) A8l ol 4l Sl Akl Call<s (1) Jsan iasy

(Source : EIA, NREL)

) Agesadl) €l 38 el byl
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Aalaal) ABUal) jalaal 4l <t A8l (IS (1) Jsoa
(Source : EIA <« NREL« 2012)
(http://www.marketoracle.co.uk/Article38024.html)

( $/kwh) 4skil Jadll

0.036 pad

0.024 495

0.092 Axila 5 S

0.049 4ole da i
0.04 : 0.15 (offshore ) zL
0.07 : 0.20 (onshore) =L
0.15 : 0.59 4ild 55 8 ¢ el
0.06 : 0.30 35 i
0.04 : 0.13 Laca Y1 4G ) el da)

s 3a) gl (g ghenall ) ABUal) bl
(Levelized cost of Energy) (LCOE)
(Levelized Energy Cost) (LEC) i
(43Ul 4 pnal) AR o Liay i g )

Claze Jgal jae s30 Lo ol Sl 3o 5 A6ST ) dadll ila s
2l z )
Zl) Al Al Cua e dpdlall V) da ) e galiall a5 s
i alhaill delil jee e o IS pas dadi Al ol S
Ol el 485 cdaluall y Jasdal) (Al ) e i)
4l Lgaladiin) Al g aal g Allai 30 4 LCOE Gl dlalaa )
e Y8 gall 5 el Hlaliwl) ¢ Jandilll ulida CaBA i Al cilaa 6 43Sl

Al pal) Al @ 38 all Slpslial
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Oe Aniiall Al (oSS 455l LCOE Alabaall aiins Sie  Jycdll
g5l sl sosaal a8l ZlEY) clasa g Ay jall @l Sl cillaas

Al 7 ) Sl o1 55 e A
Jaii jae (s o Callall JSI Aal) Aol e A8l Z4IS Cual
(el A Jlae 8 J gl eal) il e Lo puda J 5]

o)
& P& NS ¢ gara ) = (LCOE) AUl i) Al
(Sl e JNA Aqiial) dily <t A8l £ gana) + (Sl

e IO AV il apaad Uiy 48Ul 4yl 480SH) Ol 13
:dpsil

Gl laiiay) Call<s m

Juezill s Alpal) Cadl<s

2840 s -

Aatial) AL 5eSH A8 peS w

?..ail\ Jaae =

eL Sl ddanal gl alaill 28 giall Juadill) joc

Glas s 23 40 A 20 e e AUl Al 28 Gl 23 83l
D3l A el pagegn 50 ISV sl us /g sl cusa /0¥ 50
o Cua e glaall jalias s AUl Al 28K culal jy Calida 45 i 2ic
Gl S U8 aaiad el Al aiac dalal) UL Al Al
Iy Aals ddiay dlaall oo 51 il ) odatll 5 Jy sl da g 5 g cilucal YY)
Gl e Jlaill LS a5 (s 2535 8 Jalaill oY) Callaial)
o) cileal yayl e Tely
«(2018) a0l ZBYI jalias CallSal dad il Al (2) Jsan a s
55 A g S Al i) oLl dad i 4S5 e o gl (g g
A al dpwadl) cillanall e

) Agesadl) €l 38 el byl
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(2018)z Ry soluan Cillil 48 gial) Aadl) (2) Jg2a

AU el s siall 241G

(2018 (8 deaally A2 cillasll 201 140 & §/Mwh) Jale iasdl g 5
Al Maa) | o Laia aslal) T T
3Uall Ayl Jal) 3 puiiall L) Jul %
Alall Alall il
Jarall Jaril)
(2585 5)
100.1 1.2 29.2 4.1 65.7 85 sl aadl)
123.0 1.2 30.7 4.8 84.4 85 JREAIE]
135.5 1.2 37.2 8.8 88.4 85 | CCS g paiiall aadll
67.1 1.2 48.4 1.7 15.8 87 | 5,5l :mnkall S
Laltie V) daandll
65.6 1.2 45.0 2.0 17.4 87 | 5,5l :mnkall S
Ladiall daaadl)
93.4 1.2 54.1 4.1 34.0 87 CC :oxnhll
CCS e dnntiiall
130.3 3.4 80.0 2.7 44.2 30 | omoserukll G
sl 3l sy
104.6 3.4 68.2 2.6 30.4 30 | Onosrermbll H
eqﬁi‘d\ é\‘)h\f\
108.4 1.1 12.3 11.6 83.4 90 adiia Ay g g3
89.6 1.4 0.0 12.0 76.2 92 4l s Ay
111.0 1.2 423 14.3 53.2 83 4 gan AIK
86.6 3.2 0.0 13.1 70.3 34 (offshore ) z\
221.5 5.7 0.0 22.4 193.4 37 (onshore) 74
1443 4.0 0.0 9.9 130.4 25 Lguad A
261.5 5.9 0.0 41.4 214.2 20 Al s Asad
90.3 2.0 6.1 4.1 78.1 52 ke s S
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4 Al dpuadd) il 38 pall cillaaa ¢pa ABUaY) g7 L) CaLSS
Apadll 23S pall Lia ol 935 (e Ll 4 g SI) AU - Ll i\ )
— sy gl ) cla o aladinly # LYY e e 585 4 ) sl
gas Gilad¥ g bl pall il (L, Apell) LN — 2L — (g5
sl alasl sl ol shaill ae duala 48K (lisiY Baania b
& siadl (a5 «CSP bia 51 585 (8 paassnall Guanil) ) 8LV 63 Sl
CSP clasa L) cilbabia®) aaiad  Jaa 3 )0 dauy (ol (alads)
Lasi 5 ) 5 2 Al 5508 AV anall Ca ey cdasal) aaa e Ll
Adanal 3,08 J8 o aa Wl cdaadiiondd) (o \ Y1 dalicas 3 il
1 MWe : (A8 alad il i (3
10 MWe : Sl ddhll = 5 o
50 MWe : (Al add yags @
s Sl o 88 adad Bada Adasal 4y il 46K () aai
el asa 5 (s 38 all ol Aadail Al () 55 Lains 5000 € / kwe
O 3 ZUY) Jsall Gaagind W5 3000 €/ kwe (e JBl o S
&8 il (e il el ) sagie Al s 200 Mwe &100 Mwe
oaddiin 4yl sl et G S Al La iS5 8 ) gl o) ja) X
i Jal se 82 o aaiad ilel jall oda 50 % () Jea Aty Caill<il)
) et (Al 5 ¢ sl ¢ gl
Aalaial) Cilegall oSS a3 o8 5 (Solar costs) dawedd) cadlall -
oo Alaally ZUY) Giat die (il G adsial) e Gl couadly
L Ll dpusadll Cllanal) Jiad ) Ll pall dakal dlagl ) ghas
Ald 05 (Aaaall 4y jLaiiuY) Sl e 30 % 1 40 %
Csal) &y pad) daaill) ) slais Ly gaaaa
S =5 a9 (Non - Solar costs ) awseddl je cadlsall -
Jal) Adail el sal CallKall oda (midt dlasall Clagae
bl Al ) 5 oo sl Ao gana B 5 BelS Baly 5 <5l yall
Gk JAN Bl a A sal s Al alail) e JalSil
LeSl ALY HAN S ) 93 8ol paas

) Agesadl) €l 38 el byl
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<3S yall ddasad ( LCOE ) 48Uall dyuaill 4y ol Zalal o oelld) (i
o=ddi o) (S 12 €/ kwh s 100 MWe 3,38 41 jall dadl
200 ) 50l Baly s Glivgala Jead dlaally ~LGY) die Llee Cadl<al)
Lsacas 580 °C Jsaill 3 ja da 3 (A davall 33031 Lead Miwe
Jesiy 10% Ay IS (miass o Say i slel) apanal (s
gl ) s JS Ggan e bl oSl 1Y Aala 9 €/ kwh () dakal)

GRSl ) A g Ly 5 oSl (5 ¢ S0 o (g llana
YIS A

80% I 60% o Al (el Jaall 4315w
15% N 10% oo Mo (ABla (0335 () 52) 58l de gana 4315 m
20%H 15 % (o (Mo A8 5 A8 o A asm g dlla 4w
Jlac 21 5 8 gl At Al g el Jlae S 55 ol 3 m
Al
e Y] (B (Y 2 o (ASa el (i ga Dillase (ST (]
Uanall el a8 gal) jlid) -
danall Ul sl -
) Jale g ol dawsahy -
yatusall Lia o] 3 Cpraad -
aaadlnll sahy -
A pall Vs ) -
Aaaal Jlae Y1 5 il sSall IS5 (13) o8 ) (3) o8 G Jshasll s
23] Lgaany 5 Aadally el illanal g ddlide o8l o 31K ol jin g
U gSa CallSs XS cadaa (SM) (et dale 5 33330 3A3 Sle b
Jareitl g bl CallSs 5 asadil) Jial

) Agesadl) €l 38 el byl
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9}&#@}&“&&9\’\3&1&3@\ «_I:\SISSM(:’,) Jea
(1991 - SEGS) 80 Mw

37% (Slanall) adl) Jial)
7% Liaall Jae V1) Guadddl Jial)
(C—!\;LﬁY\ +
8% 3l Jas aile alas
(C'_a\d,..d\)
3% 3 ) Jas aila alas
(el 5 dpaall Je YY)
3% 2 sall Jlec|
7% Cilaaadll
4% e Y1) (5 5l 4c sane
(el + dpind)
10% ((laxall) il Sl il
6% Liaall Jlae Y1) il Sl il

( Syl +

100 MWe (AlSa ahad (i g dlaaa il gSa Gl A (4) Jga
(SM) e Jale 2.5 g cpiAidelu ]2 2

(Source: DeutschesZentrum (DLR)

28l s =
2% le LY/ lyS il
58% ol gl iy aaan olas
23% Lﬁ)\)ﬂ\ oAl eU:'.\_'a
3% (Ul Al se) 4300)
14% 5 8l 4e gana

(Source: NREL 2004)
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ahd (a9a ddasal pwsadd) Jiad) il Sa CaISS Al (5) o

(2011) (A%a

A8 Laall 4 2l

14 % s il

14 % P

27 % ) JSuell

4% Ay sl &gl

11 % k|

11 % clalay)

6 % oY) &l e

13 % A e

(Source: www.Jeonardo-energy.org/)

(AlSa adad (2 9 Adaaal cadd) JEad) il e ST A (6) J i
(SM) adi Jale 2.5 5 ¢ Ad delu 12 33 <100 MWe

A8 Laall 4 )
20% Jaisal)
19% Ll
29% xall ISl

6% i) Al

5% Jua gl t_\:\.ﬂ_}\
7% CilaSall

3% sacliall &l yaddl canll
4% Gl L)

3% 8o oall Ji aila
4% s A Juel

(Source: NREL 2004)
) al Al @3Sl cilialia)
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28 50 MWe (e aad (2 ga dhana il 8 (il dpsi (7) J g
CrAd Al 7

A8 )Liall 4w aull
%30 (aid) Jaal)
%9 oAl
%8 g 5 il 5 )l
%7 dde Jlac
%5 s 8l Ae gana
%5 SJ‘)AM da c_‘aLa
%6 Al s
%03 g s el shai
%3 2Ll Joaa 530
%14 L yall
%2 Sle i
%38 Lﬁ);\

(Source: IEA 2010)

28 9 50 MWe (e ahib (a ga ddaaa il S Cid\S Aad (8) J g2
(daas)(Andasol — 1) Crididelu 7.5

(M §) adsil oSl
62.4 2 e 5 ol i
140.3 S 0B ey sl Jindl Sone
38.4 Lﬁ)\)ﬂ\ oAl eU:'.\.'a
52.0 s 8l Ae gana
364 ey

(Source: http://hub.globalccsinstitute.com/)
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(ASall adalll G ga Jha il gSal 4y i) (AT (9) Jgan

s gl aal<al) OsSal)
4y sl
(genall dalisdd) €/m? 28-40 (IS adaill U e
(aala 3 Uil galall claudl)
(el dalindl) €/m?2 50-65 (Oxall) b S
(Jitadl Jskl) €/m | 200-300 (vacuum & yie Jiue
receiver)
() €/t 3.0-7.0 gl cu i
(el dabudl) €/m? | 200-240 (Sl pdadll (s pana
(ClelEY) 4gl) L)
(genall dalodl) €/m2 | 230-290 el Jiall il Ly
(Lﬁ)‘)ﬂ\

(Source: http://www.slidshare.net/Rizwan114/)
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£ Al adall) (4 ga il (and 4 jLaiil) Sl (10) Jgas

Fichtn | Sargent & Lundy 3as ) O sSall
er
2008 2008 2003
T100 y T100 | T 100 | T 100 | SEGS sl dane
VI
Llise | oad | sy | oo | b
160 172 171 67 67 $/m? Gl JSa
60 53 53 43 43 $/m? Gl
60 63 63 40 43 $/m? Ll
150 141 141 250 234 $/m? | BOP (s
2500 | 1183 1183 306 527 $/kwe de gana
BOP /s s
- 765 - 958 - $/kwe GRAS
S~
559 671 447 254 92 M$ allsil)
5594 | 6708 | 4471 5073 3052 | $/kwe | Alaiiny)
FRN

(Source: Fichtner)
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L) iy 38 yal) cildana £ 63 Qa4 jlafiia) Cadlssl) (11)d 54

(AlSa pdad (a9 4y ) ol
(&) )y Al aalkl Jale OIOA dasdl g 5
$/kw Aol CAS
%
Hinkley,2011:Turchi: | 4600-7100 |20-25% | w53y el s
2010a S
Cohen<1999 3000-4000 g 5 rie Cillaaa
<V SEGS
1984 dia Jans
Hinkley,2011:Turchi: | 7300-9000 | >40% | 4-6.5hrs | akd s
2010a S
Turchi:2010b<fichtner
2010
IRENA« 2012 5500-8000 iy el s
(INTERNATIONAL 2011 A4S
RENEWABLE 2010
ENERGY AGENCY) | 7500-8500 S s
IEA« 2010a ekl (s
(INTERNATIONAL | 4200-8400 s BN LS
ENERGY AGENCY)
(Source: http://www.etap.org-www.irena.org/)
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£ Al adall) (y ga ilbana et Ll Ulual) Callss (12) Js>

Fichtner Sargent & Lundy OsSall
2008 2008 2003 3as )
T 100 T100 | T100 | T100 | SEGS s A addaas
VI
Lliss G5 | ose | oA | kb
e
120 78 67 115 63 $/kwe | st sl

Wipall
Joll

(Source: Fichtner)

48 el 5 Al adalll ( a cildaaa Gaans (2 kwh A4S (13) Jgea

(2010) Cpall
$/kWhe Aandll E)Jé
0.16 100 MW
0.14 1000 MW
0.12 1000 MW (2020)

(Source: Fichtner)

1 Sl FEBAT R Glase (aullss

Jhee W5 s Sl @l (17) 6, N (14) @) o dslaal) s
Ol gala Caall<s @S cBaasa (333 Cile b aal

il galel) CalSs g il daslad ) gkt (1) S G
(www.researchgate.net/publication/224802065_ Solar Thermal Plants
_- Power_and_Processs_Heat)
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(PS-10) bl TIMW 554 2 Ao clisSe il (14) Jssa

(M Euros) 4alsil) OsSall
12.6 (el Jaal)
8.4 Al de gana
5.25 Jaiaall
1.05 z A
1.05 oAl
0.7 ub);y\
5.95 3 pile e RIS
35 aay!

(Source: https://hub.Globalccsinstitute.com)

148 m? Sl gala Sl gSa iilSS (15) Jgsa

($/m?) Aakil) i)
23.06 W e Jsdsa
21.21 i s
27.11 5 ol

1.94 <l

1.79 S e
7.4 Jaall OMpa
2.28 Q\;Lﬁ}(\

16.96 sacdl)

18.41 sl

6.34 Jaall ) slas Jarn

(Source: data taken from (Kolb, 2007))
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¢ IS al) A3l C}Maﬂ)wﬁu}’\

i<l (16) Js>

(e 4l Al a4l Jule OIOA & 5
$/kw | % A | nias ddasal)
Hinckley , 2011, 6300 - | 41-54 | 6-9 hrs zR
Turchi 2010a, 7700 % (gt
Turchi 2010b , 9000 - | 68-79 | 12-15
Fichtner 10500 % hrs
2010,IRENA,2012

(Source: www.etsap.org — www.Lrena.org)

6 S el A8l 7 s cilbaaa (pand 4 jlalindy) Gl (17) Jgaa

Fichtner Sargent &Lundy OsSall
2008 2008 2003
Tower | Solar Tres| Solar sas )
47.25 MW 13.56 Tres s sl ddasa
MW 13.56
MW
2523 i 116 | sme Tl ) Al 5
191.2 230.6 160 $/m? Gl salell Jas
155 MWy 280 m? 280 m? il
151.5 121680 57143
$/KWh, $/m? $/m?
18.9 21.99 11.6 $/m? k¥ 7 )
1556.6 | 4719.6 | 13977 | Shkwe | wiuscsi) g sane
b Sal)
i 24.9 49 | SKWn | cooal ool
214 219 119 M$ 4 )lafin) Cadlsal)
4534 16905 8753 $/kwe 4K
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150 m?
150 §Ym?

37 m?
900 §/m?

S
O &,
L5 52
L @,
LIRS
I &7
91 m?
130 §m2?
Dldas - glie \l y Aullall ) gl
150 m? L .
120- 150 $fm? el Elss
4,08 ¢ hday ._1\‘).045_9; =

Sl alel) a5 il dashad sk (1) J5

1Al adad i i (dad il (IS

(10 ol Aaas S CISTAS L A (18) Usia s
(S add (gub dana il S AT AS e dpes (18) Jo2>

38 )Ll At i)
38% (el Jasl)
37% s 58l de sana

7% il

1% ub)‘y\

17% 3 pilie pd IS
(Source: https:// hub. Globalccsinstitute.com)

ol Al S el sl
-179 -

WWW.DZPEN.COM | jldl



:CSP cilaaal 3a) gll (g ghacal) ) 48Ual) bl
(Levelized cost of Energy) (LCOE)
OH «CSP 4l sadl dpnsadll @l 58 all Cildase Buliiy JS5 (4 paill ) ki
gl A siall 8IS a5l (5 gusall <l A8 CaSS 5 LY CadlSs
3as 50) Agddal) AU Juadl jiise (35S0 $/Kwh(US  3aa 5) (48Ul
Gllaad ol 5 20 o (deadl ele 1) Axadl ele ity $/Mw(US
L s Aadiial) d8Ual) udh g el Jiad) dalise add il Gildasall CSP
ol e Ll gia) are ol Ll gia) e Talaie) culal gl ana Calis o) Sy
ARl p jA5
ALY e g piall elaY) by 5 Aalia) Callall e AU Caill<s Cuuns
ole Z LY CadlSs adiad o LY caad e 5 il s Wil

8 daum sall 5 cp 5 il 1 g 2ic (DNT) bl salall glaiY) o

(2) &

iasall JEal areaill g idasall aas @

L ol s IS o

L o] 31 Cpont die CallKll (oalddll) (e (3380 @

udillsahy e

4 el WYaae Ll @

)l (5 sl Gld A8 (S (20) & (19) il sl a5

CSP wasdl ($/kwh)

( $/Mwh) 22l 51 (5 siasall culd 28U CallSH 4 (2) S
(DNI) bl galall g 1B (piline (py siusal

) Agesadl) €l 38 el byl
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($/kwh) 235 (s ghesal) )3 d8Ual) CIST (19) J g2

duivp | eilapdd | @l | ok gmsa
il & S all L
02:09 03:075] e
)
0.06:0.08 [ 0.05:0.08 [ 0.06:0.08| 0.06: i)
0.08 Aaliiel)
(Source: www.ifc.org)
2011 A CSP <iasa CilISi (20) Jgoa
LCE Jeil) | i) Jale Calls & 5l
(2010 | ezl (%) P I
$/Kwh) | (2010 (2010
$/kwh) $/KW)
20%:25% 4600 Os 4,
0.14: o | b
0.36 40%:53% | 7100:9800 | = |,
0.02 : Cilela J
0.035 60 | Ty
40%:45% | 6300:7500 | 16 o
0.17 : iel75 | %
0.29 S
65%: 80% | 9000:10500 [ I 12 o i
icluls '

(Source: IRENA, June 2012)
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paa Baly)) dbaall galaily) anall JLEA) A (e il (il
(Aaaall

ka8 (i g Aol Basaall RIS das o) Sy 43l bl Hall i
33y aie 12,1 % Aneindeln 7.5 (sl s (333 L5 50 MW 38 (8lsa
53l 3aby ) die 20.3% Awedy K (i G5 100 MW (S 38l
(21) dsax (B mmage 15 200MW )

ClisSe (B — g 5 el 3l 1l (mliss) (21) Jsas (S Badl

3anaal) Call&ill zalads) daiall 5 (ASeall Jay I (5 sill de gane — ddandll
200MW Y SOMW (s 8l <0l 3 13) 25% 20% s

(oA adad (i ga Adaaa ana Baly ) die LAl (alEAS) (21) Jgda

idasall aaa idasall aas )
200 MW 50MW
11.3 % 13.9 % s )
28.8 % 30.4 % el Jaal)
9.3 % 9.3 % sl a5l
2.3 % 8.3 % & 5 pdall 3 )
4.2 % 7.7 % ddasall il e 8L
7.2 % 7.2 % Lol JleeY
3.4 % 53% s sl de sana
4.8 % 51% 3 sl Jas wila
4.9 % 6.1 % g s el 4l
0.7 % 2.7% g syl y gha
1.5 % 2.7 % Al L)l
1.5 % 1.6 % S A
100 % 100 % G iy Jlea)

(Source: Kistner)
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3 eall Cllasall (e dgled 4805 ST 4 4S5 &Y Cilandll
dawty J1 LilSs 565 0 5as alay (8SA) adadll (o ga Aas
; (3 OAS alay el Alans 06 28.6%

e ) RdAE G g oueddl] ) Gllasa oIS ol 48 gl (e
LS adadll i ga lans Lia ) 535

Onals (CSP) el &l 38 5all cildane i) oS
(Lssb lanally 45 il dalsil) 36 818, 13 5) 6810 $/kwe
e 1.25% Jici (paly CSP laaal Jaanill 5 dilpal) Call<s
Blpall 204 4alSH alisy g) Al 8 Ay jlaiiny) o<l laa)
(Ll Dlasay Juiill 5

5,3 (AlSa adad ddasad (LCE) sl sl (s siusall <l 28Ul 2813
L sb el 4 jlie 449/ sy 48S5 8l () oS5 (el 4 1MW

) Agesadl) €l 38 el byl
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e gaadl Gl
Ay ) dwadd) &) 38 yal) cildana (e 48U 2 L)
Energy Yield of Concentrated Solar Thermal Power

(CSP) Plants

Ll 38 55y ety (Al eSl) Ao sl Lpusel) AU ) dala o 585
Al dabail aen ol peSU ZLBY de 33U Aladl 5 ) ad) ZLaY uedd)
CluSle™ ¢ Ga ) (o sSa ae dusad A8l Clrana Lol 4l 45 ) al)
gl alira b "idl e uadll o s S50 B I (L)sal)
Y a2 3 5 Juliesal) o ) 5y 581 sall Ji alle Cppnst oy cdalany)
e Jaad Al g el ) 8l (3 A0 dia ) A dysad 2y Al
Lalail Ll 4 ) jal) dpadl) A8 alas o LS ey jeSh) LY Al sa 5 )0
LS ol Jlae e Claaadll Lo el dadl 38 5 e Jand il 5 o

slandl (B (uadl) da ga

aldas il e e Ll 4l jad) dpadll 28Ul dadail (5 gind o) (S S
aldai ity Apadl) AU aaad AUl eanss S A ) jal) A8 (o 545
s LeSI Z LY o Al alas (e 8l jadl aadind 5 ledl) JOa A8l ) 345
Al Al dpusadl) 28U cildanal ()65 08y R ikl (U S Ll B
AL (el 3l 3ale) (o AYT 2l sl aadi aas Aalail L
(1) JSG a5 (mddiall el g LalY) Gl 538 JMA (el (e 28U

A el dpadd) A8l o) dadasl il Sl e

2 all el i3S sl Cillana (e 28U £
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430
p p . A
Citaad &,Lﬁ @Lﬁ Jﬁ-.' - T——
& ——N] . exe N[ ya A& e o
e | 2am A ol ade RS =
L'J\Ja L'Ji‘)a L'J‘JA
T 'v
C}duéhd‘ )
30 yadt SJJH.A

Aoy el diedll d8ULN ~ L) dadanl el Sl Jiiad (1) IS
) 3 &l e (1)

A ) al) dpadd) @) 3 pal) cillana 3oliS

(Solar- to- electricity el / (el gladl) 3:US Caial

: S efficiency)

35 G el gl JsnisciS o

(Solar — to — heat — efficiency )

SliseS 5l Jpaiseli o

( Heat — to - electric efficiency )
il 1 (2) JSd g

Fiflse gl o2 ga
die A oA

538 A0 (hiandd
G e (3

e o apa | [ E= a(Guasid

1 gl il glad) J gad SelS £l S Al B adl J s Splis
:t...gj\)aj\ :‘\M\ C'.\\)S)AS\ Cllaag 3.6S &\}:i aial (2) JE

) sl 3 all Cillane e LD 151
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a3 Yl ol gl al) el @3S el s 8 5elSl) il
g A all il 590 & Z8Uall Cula giie alef dhaad g el giadll
Ssaliaall 350 36l G g ymall oy A il 30 e Wgiun (s<E
o) 2 Ll Jgman 1) (8028l o A 3 (ol qn ol (M ycte) A
A Al oall Saalinall 5550 28 ()5S ST G5 el <l S all
e O (R Al 5 (Rankine cycle) Sl o84 jall il siial
S sibe £ 5(4) &(3) RS ms 64 Yo S Led ki st il
36l 1 (e UK Adaaall SN 3 LSH (e el Qg ¢ CSPAakal b 43l

A0 Alaleall 8 LS Al pall Saliall 5 90 56l ¢ el Jufiasal)

T CSP = Mreceiver Tcycle

(1) (2)

WAV A A
" B~

3 8

. A va
MY AV

2E )y Fio] =)
Adus Aga u&su ‘-EJ:‘“ |

3%z Sy plsaly) clelua (1)

3% % el s g Aa clagiiall (2)

20% = o)Al Jalaallg gilall 850 all Aa 0 a3 (3)
60% % CnSilyB g B Ayl cilagidall (4)

3% = Adudl A Al clagila (5)

3% = dgall clagiia (6)

6 % = Sasluall Claall gL (7)

2% = el gl i cdy (8)

88 8 88

oSle aEl Al g ":;’"‘

o 3

Al yadl Al 48U ) dakal cula giial ad sadl) el (3) JS

) sl 3 all Cillane e LD 151
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d \\ adl) plady)
‘[ < B
3 - - A =) k(g
? _’ a{ Saieea (s o s Ly
~._‘Ct ﬁ = \ /
ﬁ
l 3 Al Ga alill)
i Slieal) i) ghda
& JS pal) Cila ghda
3 Al (e paladl)
Jeltal) i3 giia
S el S ghda

CSPaakuil i 43kl @l siie ¢ 1 50 (4) JSS

(energy balance on a receiver) Jiiiwal) o 48Ual) o) 35
sadall Adlkll e Jgaall ddall o) 3 Aslae AU Adbeal) a6
gl (e Adgiaal) A8 oy 58 o g cJiiuall e (useful energy)

:(convection) Jsasill 5 (radiation) gledy) s 53 5asal) 28l
Q useful = Q sun — Q 1osses

(ST
el (e Al 48Ul =Q gy
83 gadal) A8l = Q jogses
A iy jaill Goamy o peRalall 5 el (e Alal) 28Ul aaail
aal) ) JAIA) g lady)
Juye sl (absorbed) u<ies s (reflected) osSaio glady) 128 ()5S
(5) JSi mia 5e 8 LS (transmitted)
(S Cle i) o) 5l ¢y A8l
atptr=1

g ) Al 43Sl Sl 50 TR 1)
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»

{SIIEN

& oaiadl () G dadll a5 (absorbance) (ebaic¥l da o=@
JPSVEN | RS EN K RN gl | FNVEN

e Jsiiall pandl) o Al & 5 (transmittance) e Jalas = T
JPSVEN | RS EN K | UYLl | FNVEN

O oaSaiall sl g dpdll & (reflectance) AlSasy) Jale = p
JPSVEN | RS EN K | UYL gl | FVEN

f‘f&‘/ A E Lol

el o) 5l cldy o3 (5) IS

s Akl () 3l Aolae aadd
Quseful=IapmAapTarRS—QlosseS (in W)
Q losses = A r € G T4surface (in W)

.
(W/m? 32a 5) (isolation) gle3¥) =] ,
(aperture area)(m?) 4aill dalue = A 4,
(reflection factor or reflectance)l sell ApulSaiY) Jale =p 1
(absorbency or absorbance) Juiiuall pabiaial s 3 =@,
(receiver-shading factor) Juiuel Jh Jale =S
o el sa4) (receiver-intercept factor) Juiwall ais Jole =R
(;)A'A”k._:;;)idmub)ﬁgydﬂ\}@;d\:\;m

L)l Esenal) ol 3 el Cillans (30 28N 154
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() deiied) Aalia = A
maall (pa adiall Gl G Al & (emissivity) Jafiuall Ailasl =¢
Sl ann (IS 1Y) anal) e ady O Sy A Gl 5 (plad) ddaud )
Boloall da o Gl 2ie

(Stefan’s constant) Olasiv <l =¢
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