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| 'd put my money on the sun and solar energy. What a
of power!

Thomas Edison
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Summary

The main purpose of this diploma thesis is to investigate whether or not
Concentrating Solar Power systems (CSP), are suitable for energy prodmction
Greece. Despitehe fact that CSPtechnologieshave been developedsince 1984,
they are not as popular as the photovoltaic power syste@spsystemsare utilizing

the concentratingsolarpowerto produce high quality thermal power, which can be
used inconventional thermal circles for electricity production. Tiret part of the
thesisis a cthandbool€ about the most mature csp technologies. @ secondpart

a technoeconomical study is carried out to examine the prospects of these
technologies in aras which are characterized by different levels of incidence solar
radiation.

The diploma thesis is developed in7 chapters. Thefirst chapter provides the
principles about solar energy and the operation of csp systermedditionthere isa
compete list of all the stations that use csp technologies and ewegently under
operation, construction and development around the world.

The second chapter is dedicated to the detailed description of power plant stations
that use parabolic trough technologie$he finalpart of the chapter presents the
economic cost of the parabolic trough power plants

The third chapter presents the central receiver (power tower) system power plants.
In this chapter all the available power tower receiver technologies areyaedl In
the end of the chapter there g costanalysis about the technology

The fourth chapter presents the solar distachine system technology. Solar dishes
are autonomous power modules that utilize the concentration of the solar energy to
produce enegy in a conventional engine (stirling or brayton)

In the fifth chapter, a techn@economical study is carried out in order to investigate
the potentials of the csp technologies, which were developed in the previous
chapters, in three different places in thereece Territory. Furthermore a map of
Greece is presented, which shows the Levelized cost of Electricity with the use of
parabolic trough systems, for the whole Greek territory.

In the sixth chapter, a techreconomical study about the installation ofparabolic
trough power plant to provide with superheated steam the aluminum industry is
carried out.

11



Finally, theseventhchapter concludes with an overall synopsis of the results from all
the aforementioned topics and provides some recommendations forthéur
research in the field afoncentrating solar power systems.

Key Words Concentrating Solar Power, Parabolic Trough, Solar To@emiral
Recever Systems, Solar Difheiching industrial Heat production with Solar Energy.
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B/\W'JB'hICD CE 1"">V_V'V,>5A' E ANWPGH 8 * h ‘“‘
A_"yYyB< L BEA > "B A h oA 7 Mpy
B ll‘th Jh‘lz m-\/ltV—Y>|‘>|VAh|{B |<th(;‘n B/\W’J
> I A h -7 Y * h v h A B h * ¢ h h pE"E B h A .
j v Y ¢ h Tt s>sh o
mdc [h > “h yph A h>
B~ _ A s Sh_hc o Rt Y S {9D{ 7 wmay
-h T Lo'n AN h ¢« s> T Avh T, B " h > B N 1 C B A I ' ¢ h
B A _ w A h ' > h A ¢ h 7 v 5 w1, A i VY OA |
, h > A B h * ¢ h ° N YA I’/\h‘.‘h H S h = ! v Hnannec (8
~h > ha , 2" B AW~ 1 B ' h B 1 ¢ h hrf]" hy '@ h'A” 0B Lt tho
¢ h _'/\ J“h/\’hcp -l_'/\ J“h/\’h w , B ' ,',“_5
> "' h B - 'Y ~ >SB A s h 1 ¥ 7 h ¥ T B > h ~
OHT N gdkasr ™K, h > A h* Chp2+h =" T A["AML®L AT <7
ho " A Thohjp Y <t €A ¢CT <L A << ¢ _AZ >
yynaz > ¢ h* > B w Ah AA >SN hjc™’ ‘hC""/{_>h"‘ /\Wh\’?ih'l ¢ h _ h
lo0v ® B ‘_'<V'_5l _51/\V<VJ)5| J""('\v/\_hr
w, YA N A h BT ' 487 vy A het ST SE I O V0 < S
w A h >SB 1 h <V h = v v 5! w1, A | S\ h * -
- LA Lo ” > S ht ¢ h >8 4 h <, A -
ST T > Ah et P AMC TS h AR S>wAs R N0 P v " oWw<
B J G h h ° h > B ~h > haao , 2" A ¥ > B ~h ” hj ~
* AL h Y swAaAY ¢ C < j"m T e Y A _H B - Chwh ™ C s h A
I’Ah¢2\(I1Mtp‘>“’ Ih'hJ+J"I (@)/\W'Jlﬁ'hl “'
BAT>h S h ety o 8L AT <Y BT T e et oY NS b
(MW (hours) (m?)
Alvaradol 1 " h AT h Jfhohj <t ¢f50 - 06/2009 1.350.000
Andasotl 1 " h AT hpfhTh T <t ¢ 50 7,5 11/2008 2.000.000
Andasof2 1 " h AT h [ hhj <t 50 7,5 06/2009 2.000.000
La Florida 1 T haThpfh T hp T <t ¢ 499 7,5 06/2010 2.000.000
Cameo [ <> " halfhhj <t ]2 bttt > 01/2010 60.000
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Extresotl J T hah fphrhj Y <t ¢ 50 7,5 01/2010 2.000.000
Holaniku phih” Jhohijp <t 02 - 01/2009 30.000
Ibersol J T hah fphrhj Y <t ¢ 50 - 01/2009 1.500.000
Kimberlina rh<' "/ Fresnel 5 - 10/2008 120.000
Maricopa B" "y ' Ah|p T 15 - 01/2010 150.000
NevadaSolarl 180 hd Jhohij <" ¢|75 0,5 06/2007 4.000.000
PS10 J T haAh o 11 1 06/2007 550.000
PS20 L 20 1 04/2009 800.000
PE1 1 7 h A’ h| Fresnel 1,4 - 03/2008 70.000
Saguaro B~ "y aAh [[h"hij <" 116 ORC 01/2006 160.000
SierraSunTower rh < I N 5 - 7/2009 -
SEGS | rh<' A h " hj “ <" 1138 3 12/1984 -
SEGS || rh<t ffphn ni < c]30 - 1985 -
SEGS I rh< AfJh hi "< ¢]30 - 12/1985 -
SEGS IV rh<' AJh " hi <" 130 - 2/1989 -
SEGS V rh<' Afh b "<t ¢330 - 2/1989 -
SEGS VI rh<' AJh " hi <" 130 - 2/1989 -
SEGS VI [ h<’ Aph hi ¥ < |30 - 2/1989 -
SEGS VI rh<', Af M7 hj "<t ¢80 - 12/1989 -
SEGS IX rh< ., frh ni < <80 - 10/1990 -
Solnova 1 L L N L R R I=10) - 01/2009 1.150.000
Solnova 3 J - T ha’h [fhohj <t )50 - 01/2009 1.150.000
Solnova 4 L L L R R =10 - 01/2009 1.150.000
Palma del Rio I I T harh jph o h <t ¢ 50 - 06/2010 1.350.000
Manchasotl 1 T ha h ffh T h Tt €499 7,5 10/2010 2.000.000
Lebrija 1 J - T harh [ fh o hj Y <t €]499 07/2010 1.880.000
Majadas | J T harh R h] T <t ¢ B0 - 09/2010 1.350.000
Manchasot2 ) T harhjh o hj Y <t 61499 7,5 06/2010 2.000.000
Palma deRio | I T harh [ h 7 hj <t el 50 - 11/2010 1.350.000
I’Ah¢3’\(l1Mt|)‘>"’ ~ h " (lg)AW 1 B
S v ¢ & ¢ h ¢
sAT > h I ) feonm<mi J(MW‘) I?hours) e J,?mz)_
Andasoi4 I T hach [ fh T hj Y <t €50 7.5 - 2.000.000
Archimede 1 _h<’h Jhoh T <t 1472 8 2010 80.000
Arcosol 50 J - T hah [ hhj "<t ¢f50 7,5 2020 2.300.000
El reboso 11 1 T haTh R R Y <t € B0 - 10/2011 1.600.000
Extresot2 J > ha’h J[h"hj "<t ¢f50 7,5 - 2.000.000
Gemasolar I T haATh T 17 15 12/2010 1.900.000
Helios | 1 " haTh [ hhj Y <t )50 - - 2.600.000
Helios Il 1 ha” h | [ h"hj <" ¢]499 - - 2.600.000
ISCC Argelia B<i s h | [ h”hj~ <" ¢|150 ISCC 2010 -
ISCC Morocco rh ¢ o hi T <t 470 ISCC 2010 -
ISCQ\IKuraymat B>+ T _ " [N hi T <" €]140 ISCC 12/2012 -
ISEGS rh<*, [ 392 - 10/2013 14.170.000
La Dehesa J o hah [ h7hj ¥ <t 499 7,5 12/2010 2.000.000
MNGSEC 1 du<' " N[ hT Y <t ¢f75 01/2011 2.000.000
Vallesol 50 J T hah [ h7hj "<t ¢fB0 7,5 - 2.300.000
l:1 _h s AL h > woIftergradedSolarCombined Circle)
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[oAhSaY Amb >0 E(9) T > <w
BAY >h " h J’rs * ls A ¥ 1 A’B‘V‘" [rs‘_v JN¢_h"
(MW (hours) (m?)

Abegnoa SP rh<' AN hj < 250 - 01/2013 7.142.000
Kingman B "y AN Jh o hj < 200 - 01/2013 -
Alp. SunTower rh<' S N 92 - 2012 -
Blythe SPP rh < AlJh 7 hj ¥ <" ]1000 0 01/2013 28.449.400
PG&E 3 160 hoh [T 200 - 01/2014 -
PG&E 4 180 hoh | 200 - 01/2015 -
PG&E 5 180 hoh [, 7 200 - 01/2016 -
PG&E 6 rh<" " " Al 7~ 200 - 01/2016 -
PG&E 7 [ h<’ NI 200 - 01/2017 -
Calico Solar rh < Afp® > ¢~ 664 - 12/2011 18.615.000
Tonopah 180 hoh [, 110 1 e 12/2013 6.474.000
Extresot3 1S T haAaCh Jhooh < 49,9 75 - 2.000.000
Fr.Irwin rh<* AT h )T < 500 - 01/2014 56.655.989
Gaskell rh < Ao T 254 - 01/2012 4.451.142
Genesis Solar rh<* Alfhohj < 250 0 01/2014 7.891.000
Imperial Valley rh < Afp > ¢ 709 0 12/2011 26.304.550
Imp. Valley 2 rh<' Afp > ¢~ 750 0 2014 24.847.000
Mojave Solar rh < AfJ N h < | 553 - 01/2014 24.281.000
Mt. Singal rh < Alfh o hj Y < 50 = - -
New Mexico 18 v | T 92 - - -
Beacon rh<' AT < 250 - 01/2014 8.142.000
Palen rh<' AN T < 500 0 01/2014 5.584.000
PHPP rh < Al h 7 hi < 50 - 06/2013 1.525.000
RSEP rh<' Ao, T 150 1 10/2013 5.706.000
Ridgecrest rh < Al hTh] Y < 250 0 2013 5.820.000
Shams 1 g~ hi ®ch Jh"hij < 100 - 01/2012 -
Solana B~ "y ' Ah Jhohj < 280 6 01/2013 -
Sonoran 180 hoh Jh o hj < 375 - - 54.389.000
UA tech park B~ 'y ' Ah Jhohj < 5 - 12/2011 809.000
Victor Ville 2 rh < "OOAffh b <" 150 - 01/2013 -

2~ h « > 17 A B -

v B C A" B * ! ¢ h C B "
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n'_"her h- > hrr gt 0,68 1,49 1,71
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B R L, 6,3 8 12
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BergermannundPartner, Iberdrolg Solel Solar Systems CIEAMATCRES h DLR,
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s © 1 h s B bengodlnabensa Fichtner Solar FlabegSolarint., Schlaich
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