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Abstract

The aim of this thesis the study, recording, analysis and literature review of power plants with
concentrated solar thermal systems. As this is an ongoing technology;tasdape as possible
data worldwide were used.

The first chapter provides a general introduction to thistbry of human energy evolution,
global energy consumption and production, and the wider energy problem. As far as the energy
problem is concerned, the parameters of climate change, energy poverty, the relationship
between energy and geopolitical crisesdathe global mismatch between energy demand and
energy supply aranalyzed

The second chapter describes the characteristics of solar energy and solar radiation at a general
level. Reference is made to the astronomical data on the Eduth position andddar angles.

The third chapter discusses the solar panels used to harness solar energy. The two major
categories, concentrating and naoncentrating collectors, are the subject of study as well as
their various subcategories. An analysis of the technatwdracteristics and materials of
construction of each category is given, as well as the design parametexhtiraicterizéhem.

Chapter four presents a key feature and advantage of concentrating solar thermal systems,
namely thermal storage. This is theystem that stores the excess energy of the overall
production system for use at a later time. The different thermal storage systems and their
characteristics depending on the function and the material means are listed.

In chapter five, the current situain at the commercial installation level of concentrated solar
thermal systems is discussed. An inventory and comparison is made depending on the economic
sizes, location and the technology in question.

Keywords: Energy problem, Renewable energy sourcégrimal storage, Concentrating Solar
Thermal Systems, Solar Energy, Solar Energy, Power Plants, Pdnahait CollectorsSolar
Power Tower, Fresnel Collect@ollector DisiEngine Commund Parabolic Collectors
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Years of fossil fuel reserves left, 2020

Years of global coal, oil and natural gas left, reported as the reserves-to-product (R/P) ratio which measures the
number of years of production left based on known reserves and present annual production levels. Note that these
values can change with time based on the discovery of new reserves, and changes in annual production.

Coal 139 years

Oil 57 years

49 years

Data source: Energy Institute Statistical Review of World Energy (2023) OurWorldInData.org/fossil-fuels | CC BY
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Observed warming (1850-2019) is only reproduced in simulations including human influence.

Global surface temperature change since 1850
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Access to electricity vs. GDP per capita, 2020

Our World
in Data

Having access to electricity is defined in international statistics as having an electricity source that can provide
very basic lighting, and charge a phone or power a radio for 4 hours per day. GDP per capita is adjusted for

inflation and differences in the cost of living between countries.
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Data source: Data compiled from multiple sources by World Bank
Note: GDP per capita is expressed in international-$* at 2017 prices.
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Access to clean fuels for cooking vs. GDP per capita, 2020

BnJ

OurWorldinData.org/energy | CC BY
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Our World
Data

Access to clean fuels for cooking is vital in reducing the burden of health and mortality impacts of indoor air

pollution.
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Share of children who are stunted vs. CO, emissions per capita, 2021
The share of children younger than five who are stunted - significantly shorter than the average for their age, as a
consequence of poor nutrition and/or repeated infection.
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absorbed by
atmosphere

WWW.Nasa.gov

incoming
solar radiation
340.4

ref d by
clouds &
atmosphere
77.0

net absorbed

total reflected

solar radiation
99.9 emitted by ——e

atmosphere
169.9

absorbed by
atmosphere
358.2

absorbed by emitted by
surface surface
163.3 398.2

»—— emitted by
clouds
29.9

The Earth’s energy budget describes the
various kinds and amounts of energy that
enter and leave the Earth system. It includ
both radiative components ( and hea
that can be measured by CERES, and other
components like wduct C sction,
and evaporation which also transport heat
from Earth’s surface. On average, and over
the long term, there is a balance at the top
of the atmosphere. The amount of energy
coming in is the same as the
amount going out (fro ht
and from e

latent heat
(change of state)

thermals
(conduction/

greenhouse gases convection)

back
radiation
340.3

All values are fluxes in Wnr?
and are average values based on ten years of data

>hf Wwemy -7 h

‘|>B7V ]
n'h. ' RS
LR v -
.{lh\qu_lx
h >' >, h*  h
w>s ' RS
noah v -
o<' " L.
S<lh‘qlllAVJ

h * B'

evapotranspiration

Loeb et at., J. Clim. 2009
Trenberth of sl BAMS, 2009

NP-2010-05-265-LaRC

T W34 @<t h o

AL h * > h AhC<h 8,  AXh "7 Y " B,
> h . " <h 1 Ah >"'" ¢h B - - 81 h h ¢ A
Avh<r qvu h{q! hl\/\qvvj Iv—<l)\ >WAV 1 <I h (I‘ ~
rr]l B)Ah‘ hl'Vl‘>h 'I.!h,. 1 (I‘hl
AT Y < h
N v N ] 1 |<lh(l‘|| h(l‘ !AVJV<:h -
' R hk CUAY h cch Y w ¢ 0 h h * ¢ h h
Vi Y <hy
AR ' ' ''<«* h¢n h ¢ AV Y <« h -
A D “h " B> <" * B /] ' h ¢ ¥ - v 5 !




n"<+>h_‘tm5_|s”u'h“’hJ’h'hJB,’

rl)Ahl ~ hl’Vl‘>h 1 h>5" th 1 'l‘h; 1
rrv\-;- ~ \h Bc-(AvJv<>hY
rl’Ah‘ v "‘>'I > B _VA oy "V""_(\N/‘mz)' ''< ' h
¢ h A . S "G;B’/w 5"_<h"'(.‘ <,'I’ L b 1t h . AN S S htth ‘1_"h>h
LAt o sh ST HImM)! >w o h > Y <y b
E WA h ! '« h ¢ h ¢ CAY ] Y <« h - o hoA Bt v
q h! h /\B Vh 4 _ 1 ) 1 h - ' -Jt|I>BBA—|v ;‘W_I‘IISY#]BQ_W’_"QQE:IP‘ZB 1 h <
1353N/m2'1“ Sw g B Y s, S ! L Y h " ¢ 8 " h ¢ ht Vot > B h
,_h/\s‘ ‘_'/\ B - ', h A " h _"\ '<h/\"_' >h. B > " h
18,10 7 h vt ¢ - < h ¥ S Y8 ¢ QY Yheg '~ BB"AYE"™"  h A" h
! '"'>w’~ h ¥ A B - Y " ¥ w ¥ ¢ h ¥ ¢ <’ >h
[ A" <Y LA "<ES CYSHEYRT L"SEAT N AT A QLA
(S ] > h _ v . h -~ 'mﬁ‘nt‘E‘o >wY, T ¥’ 0/>h B Vv ]>Y<",ht 7Y ‘> BB C‘_"W/\>‘h|5
>w<haAa T _o>h T s SKEVInGIT P paTIh T HORG A

22
2.0 1 extraterrestrial solar spectral irradiance
— total area: 1367 W/m?
£ 1.8 4
c blackbody spectrum for T = 5777 K
NE 1.6 4 total area: 1367 W/m?
=
= 1.4
8 124
c
@
T 1.04
@®©
e
= 0.8+
o
© 064
o
o
v 044
0.2 H
0.0 4
0 500 1000 1500 2000
Wavelength, nm
.l‘||>231 ,qujsrr\| _|I hq_!/\viv<>hl >B<h/\[33]. \_>h_v

U B j ’ ’ h ’ ‘



E A Tt T e < Y ', 7 h . A ' <8 C T Y >hua AT CC
>h_“q3°[h _‘5"“'_5’h ‘T-<_" . L/\'__'_hl ¢,_>h_t
h ¢ n‘]/\;w>hz Vo he > as L ShUvh ¢ ) E® T LI BUVhF <hinE
h ¢ A B h =¥y Y _ A h .8 1A T, h - A h
-~ Iﬁ'l"' 5C‘w>‘_|s h ¢ h - ' YA "<‘I“z 5’/_\h‘ -~
Ce st hon YA <t <Yt A L At Tw
‘5":4‘_' h ¢ ‘_/\"J"<’h i 7 Y ¢ B h_‘ ¥ ,_hl‘l>‘h !
(:‘h‘ "< h _h ":>h_h ""IJ<W“">;5 ‘_T n]'(D )
22 <" hew m. A’ 6 ¢ h° B> _ A Y>'¢h |
n’ Ah- D T ' L hyp m Y s oA I Y h he A
TN ¢« hy ¥ w<ge * >h -¢)<‘h“"‘qfh‘>vc£_n'j*hjl‘h'<‘<_m@‘<h"”qan'I
> 1 " Y- Y s’ ht S 'AN T hAET . MERRCEY: DT >0
h> YA ST O TRSARTh T [T AYemA Y B h T AT > e s
AU"Mﬂchqu:)TCDyTM LEYoE >thoh v ety
. B Y >S_ Ah ! n] Y11y Bt ‘5"“'_5"’ _V/\ <"’
IR oOomMZcTi20X . _hA"A_h 1 h'd 7 a'Zdry’oo "
YAYShgET BT <P .t $h pweess _ CCCh L hhe o CCh
l 7t '(‘<‘>"B Y ~ ! Y, “’h” 05</\"h|(.‘ V"_ >1h‘_w_." > h _ M . - v
> ¢ s h )ﬂ3147*1(§km' R N
B, " <C">8" " T " B A C.>h Y T eE<" ho¥ 1 .
> 1 h < 87 h"‘):h152"‘1(§I¢m7' Y N o
neesen é:'O_HYO_AEt 0.0167
s BBlFrocekbiMork Wl mmbh=Z P Mn H dn O
K o"<t T i 7 ¢ h T BT SwARhT G A WYY RS BT R <
s Y g S ht T > WA Y
r' 4. ' T Y< > ¢ skSCCsA_ " ' _h 868 T nInmc
h=" A >‘¢|5I3c|5ul|‘>|-|fy1\yn/y“2po1Yt') ¢chto <t T e
¢ <A MK’ ‘ ' >wgr " T g h" "M Swh A
n %’ Ah"Y

i p Q

o abet p 2O @

oQu

6A I m 1+ N "AM' g hAT R 0 @ WAThC A
h_>",hvhh_&_h= h= ' A h":_h“'lvm“-'_-Y'l ¢ h v "-'V




_‘tms_ls”u'h“l’hj'h'h15+’

eninedo 66,559 1

TpOXLAG

|,_4

\

cE

22/12




n"<,>h_‘l‘cﬁ]5_5”u'h“’hJ‘h‘hJ|5¢’

" h B h <Y ' T A ' t ¢ h ] c K Rw™ kKW 8 ‘m‘
LB > Ah 9T hA T > AT U AT Lt hm
I‘\_Iv)"I _,I n']ll . _rvl _V4V¥—)—B{V _,I _r
h ! SEB < W ! ! h'C< **hACY"] ¥ <8 RwW ~ 188 " Ahh * ¢hh=*h ~ h ~
A B h 1 >w A, A * ¢ Y- Y B | S h * ¢ h *‘ i * o
<W 1 N I/\ B_')h/\B‘h 1 m. q) N R _h’L
R B | A ' Cw ot ¥ LT Ch Y ATEGAR SEBEY WE T
> h Ahits ¢h >~ PSP R S woY A B >N . A
' h S CLANRAYY LA - > _ Ch _h' o >s oA
'h/\'CD N_“Z |<lhql >B‘I>W’l B>Ahl |_‘::v/\rqu
’h_l’l_ll¢ K I<‘hcll ;’IAVI 1 B A “>_>—_Bl S B
AL wE bt >, > h AT >, AR > A BV T T
G_—4" 17 "o  1to0 O (0] &
V,Lsts’/\h‘ ¥ I , 1 7~ h R/ >S" ¢ Y A YNYY P XE T RS) Y E h *
P, h A na(ﬁ I Y 8 35RBH h(\vn fude © 7 I s , 1 7 h ¢ >" ¢
“ h v "D t,ow A, Bc‘.l *'$oB i) i ‘A Hh Yhe "6 A @t gh
6 ¢, <y kh kmif/ded. f W e (YREY @ & Ah sV
h ¢ h ¢ B ''sw ~ h ¥ w ¥ h = ! ! L.wt 'y
® opyd 6 xhw and 6 phd N6 c8
. OOH WP
J ht O EEEE— CEB)

oQT
[ -9 |t & 0 “o@u

U B j , ’ h , ‘



n"<,>h_‘tﬁ]5_5”u‘h“’hJ‘h‘hJ|5¢

m_ ' h>h o A”hYOK2dzNI | y3IE Saxhs" >s _h + 7 .
R L R N e e L /hoA h v
=0,25/min6i < 1 . " >h H®pO
I

T pwWO_F Iy " "pc C®

re >0 4" &, 2mp>d T P> P

HAwakn peonpppia Tomuko Levid
W wpLoila ywvic
1:">h HdpY m” " h’>h o A

g<' ' he" WMRSOLAYWIFBAAZAYOZ ' 41 . A" hem  Cw o <
""I _" B - T B |~ _"‘ “'>|5"/\"’¢)I"¢5'_h' S|
B B8 > h - Y B AN _ AB ' h CwA ~h ~ "<t Y ¢ ht !
1Us L OKUME pTTHOEnp. AR T Ty sy
lv >WJ" VJB*J'h)lql _<hv é‘B et h - V/\
! > 7 A _'VI _V /\'_V[')‘_V vor oy Y "<tvl >
T >WJ'j"_'B'hv‘_"<FIV_N’Ibe'H0_ZV|'|/p vo-or ¢ _"‘ ¢ h -
Ch_h(“"‘,h ‘_‘l M H _" > ' sw 7t é'<‘h_23:2]_5_'h0
"”yu‘ v/\ O M h * 0 " ¢ B 7Y ZVV_V)V N

U B j , ’ h , ‘



n"<,>h_‘tﬁ]5_5”u‘h“’hJ‘h‘hJ|5¢

- ChO T DdT, THEHKMHS [ YA S N SR B S AL
>W‘_23"45V/\'_‘h _"‘ J|5+J’h)‘<.“" “'>|5"/\",q)
E CE<‘h¢"{&“"T."<)\Z"'“<“J’ys_h' h - ! CL.w oy
OO YPTE
7T ¢ udQ C&
cpuv
- A B > A h 't *h h S H C ot ' ¢ B € S WA s w h
M JhaAa” 27" 00
m.A’h -~ "Y' " _4LJ.Ah >¥ _hy - he *AY] < ¢ h
/\h VE B " h Y Bt "—_Vl‘/\ ‘_|l>>hll’ /\_B'r/\ vcpnn <l ~ I - > N . h - _ 1 /
mB . 1 ’ h , t qua_tItude)ih)" La‘EY 1 1 . /\ t h C n h - 0 A ) h N 1 B /\ ' I N 1 > %
> €90 YK H90
95/\“'hC"e:'J’J/\"/\h’hz“" ., " >nh Yy B h > B h v ~

Thoh ot Y DKo, ph Y n

E<' ho . 6SeESBrPUARY ! IO SOSLAY. " >h_ " ys h°
LT SR A T T T < S T TSNE oA W e T e
[ 0D D& TEN WéEd i QET T Al S Ry
E<' ' he' hy' >~ *AY ®WlARYdZ K F y3E SyE_hv
R A R e S Vg Y s S N A (N (I )
4 <hue™ 30T 1 HSThaon' = TAMNMY nh 90" _'BaArF . "=" ®

oow ! 'V‘ ‘J'fﬁ(wh'h’w">v_,“/\‘v B Ah Y

AT10 0
Al &

m\

i 80 (&N

U B j , ) h , ‘



ﬂ'_<*>h_!tﬁ]5-5””'h“’hIh_hJB*’

z (zenith)

o C[B5]. ‘<’ hS hy >

23@&<' NS pn_Ah>'
I <! EAMT AR e T R 1 > S, U P 1V
P ¢ h .CS_>‘+/\I" j""<h”>‘h|5‘l"" o _<"' ‘h‘(.‘h" h ¢ ) AT ] Y <’ h w, B °
Yoot > Y h Ah <Y1 h A " S . >S8 <w ! ¢ ht

B "t " ABEY @ " h | B | _>W/\" B”j\_I’T'<"h ‘B’fY\jQI;"IV << U K¢
he A" 18 <3hh 161 >WAh -8B h BAG"H 1 w8 kh 4, A’ h
YA t<tner e s T o (WAoo h B D AN _ T B ¥ A h A
! B - h A B * h ¥ LVW CA B! ' A h™ Csh’As‘hy “h CAVYRN J
PRI e J"h__L LT A e '{‘h_‘_'>h'_>‘h_l_ Vs ow
he A <’ h s SDirect Norimal Wrradianck"A "€ 'sh S g 1 Ah > 6

P ¢ he A Y] Y<’h @wps" s “h"t  u,thh” h¢¥ 7"y k¢
, U< V B " h "< ' v AT i1 " h B 1 ¢ h h h > w0, AN T
¢ h ¢ s Yy T vy h — <« ¢ ¢Ch - '<_“’)_h/\|5‘h w , B ° !

U B j , ) h , ‘



n"<,>h_'tﬁ]5_5”u'h“’hJ‘h'hJB,’

cCw =+

V 1

V<.—\—¢—'

>

SOLAR RESOURCE MAP

WORLD BANKGROUP SM
DIRECT NORMAL IRRADIATION @ ESMAP  (IEEED
65°W  S750°M " EIIFWT I120W TI0BW. 00w 75W " W 0W sW. 0 Woe 45°E 50°F 75 a0°E SE 120°E {135°F S0 (165°E
gn X
>
&
%
argi
Long-term average of direct normal irradiation (DNI)
Daily totals: 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
| __ I KWh/m’
Yearly totals: 365 730 1095 1461 1826 2191 2556 2922 3287 3652
ublist L orld Bank Group. funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.

GcY [P > T a@xhh o

| MBEANATG™ <’ >6 *§'5
Irradiance) [38].

> h ¢ ' t ~ ot _B"V‘W —W'lv V_4OVJ‘|>B'
., hAa>y ™ A 7 LA "<t ho 1 Ah >
h z hid V>|51 h'< BB)”V' q>"W ¢ ht ' rW" B/\f
T I AT e [ S L
t 1 B ||‘th h>5‘| |<th(l‘n h(l‘ !AV]V<7h
_.vhyv_h/\,v T\,<W ‘B'>Vq'h"|5 |<v ~ w
h ¥ g | h | Y ¢ ht ¢ h i) B - w ¢ h I
LR YA <<h S LTS e T ket x T h ey
B Y Y L w ~ “Twehha M >Y >h hh h oY B> G
ANS T >h B A WA TKZKRY ' <7 T AT C
'Blh B)’lqllz '—“ 1 I'{V q‘hl 1 r’n 1
e " w LA - 't B¢ Sk h < AThAS "her”

UBj,V h,‘



n"<+>h_‘tm5_|s”u'h“’hJ’h'hJB,’

SOLAR RESOURCE MAP
DIRECT NORMAL IRRADIATION
GREECE

—
!

35°N
Long term average of DNI, period 1994-2018
Daily totals: 3.2 3.6 4.0 44 4.8 5.2
Yearly totals: 1168 1314 1461 1607 1753 1899
This map is published by the World Bank Group. funded by ESMAP, and prepared by Solargis. For more informatior
“>h podTY OMT T w>E
[38].
>B <w ” "< h o~ 1
LY >wAL. A 2 th T 7 <«<h ) A h
) PN , -~ S
6 <. 4t h hah ~7h O
- “h A" > ;o K ° Ah o
¢ A ~ j ~ < > K ¢ h 1 , h * > h

25°E

@ WORLD BANKGROUP

ESMAP EIIED

X 30°E

o ‘4 =
AL 2
! N A g 708 —
3 Y &‘ " »fL>, M LAY A \z\
= 3\ ) N
i ‘ » fl.(@a—,\\\\_ Alexandroupolis e S
: Thessaloniki o / C/«v
J ( > o AN i
E ‘ A
' Larissa

Volos

35°N
© 2019 The World Bank

Source: Global Solar Atlas 2.0

Solar resource data: Solargis

L 1 100km

5.6
KWh/m’*
2045
and terms of use. please visit http://globalsolaratlas.info
(£< t h (I‘ n B (I‘ t A ~ J ~ < > h
Ah >t ¢~ >*' h Y- Yt g
- h w ' _ 0 B h h -~
A h ¢ h f 9 Ty < ' 1Y
A~ -~ S B Rkt COA -
t (I‘ n * ~ B h t N ‘ 1 N ) h




n"<,>h_‘l‘cﬁ]5_5”u'h“’hJ‘h‘hJ|5¢’

s =
x> kel
=

<
1
<

>
=

- ’ 1

o . oA

¢ ¢ <, >h h - 1

Z >|5 h _ n 1 {
B

S the 7 YR <l < GhsU+A)E
7 >sY ¢ 7 h Y2 hrh‘

~

TSV e B Y S>Sw A A h ¢ h h 1

' - ~ - '
’

1 A B¢ > n A B-'B>uq|h I<<Bf/x\w '(bjnq_llerml

~

~

>8 T h 3 At Sesbeckh S ks hs

oty -~

h A" >Y " h >W_h<<hz

h , Y " h BT >

>

’ [3_9](1) M " e ¢ ‘, >Wm5/_\’ﬁjzl" w /\'h‘ A SSHE

_ A 18 R)u A
hh A A" w'A h

[N

’

h - v - 4 [ 1 ~ 1
>

v ¢ " h ' h

N

$‘h¢_’|s"j
hj “h't S1's N |:

A h A ha ' Cshs h"*h¢ B> 8h yh”""AC sBh *h S h> “A 178 )
h)OEthtvl“llAlW

h ¢ YCON

- s~

SN s N

=x

>

K AL ‘B " h ¢« >h *¢

> 8 '"A B VHhEA <"
h - " A
-1

Y B'<gB ¢ Y T hswhha_
A - Cs T TR
D O

h > ©¢mn ¢ h't > h

A h w

’

C ht "¢
OV h<xh 1, A .

(Eoncetrated> 'Soldr  Power)

e

N
r o~

B AL " h | w AN D rh

~

1

>

>
ey

1 ~ s

! B~ h AB " <" SESAWBA hs B wh“Cpg"t

)|
h

j

B > 6 > A. >WAHh

I S >"' h A

+ N

¢
j h<<” A * Ch T Tl <" >h > hT T -
>

B
" o A h - K
N ~t

AB _hl1es g 5|

R h ok

"hitw" S B AW

Ah >t ¢y h= > "8 &Y hA

<| n ,

B AN T A<AZEHE C A T hg ha [T

~

“h - 1 B A




n"<,>h_‘tﬁ]s_s”u‘h“l’hj‘h‘h15¢’
A h * >Y A h B ¢ >8 h « <8 YA h * TUVION ChAES BSTW'A Y'Y < "AhhC "B ChCg
s ih ot s <™ h YA <N <Y T . T BAT AW
~ " h> “¢h hABVhA <' ' ©Rh'“Tvmc_  h, T“&Yhy | KE&
¢Pl,“>h e AN BT S>ST g O T O A ‘_h‘>P,_'/\{Q<z\‘h1_/\’__"_lh:
h - Y+t "¢ g ot B ABW 7 >1 "BCt"h toB B " L " Ch A h " s h h B -
* h ¢ s~ ) }\Ih -~ h ~ h 1 Y~ I/\ ' <« B € Y os ! “W_’h/\ ) . A ,
‘_/\4 h‘ll" A > B w A h ~ >j h "?_' T sY ' <« € "_(."
! ‘<|s¢ _ Y T h ’,l.|Jth_|4‘A4"5I 'q>c1_|\7|szc h_ B > w A . Y, ] "I
BT sSsY ' <« h¢Y * * " 5 h ~ o/ t 0 h -~ Tw Tt A B
w A h A ¢ 5 A <"J /\_‘ ! Q‘_" I BT >sY Y <8 € _mZO CY < h‘_(.“'h S
¢ h .- Y B - h* 7 h 1 B ‘|-|1-_|]-|Y2 K, h <% ¢~ w™* ° ‘5)\_ h ,'2 A _B (.‘" e
¢ h _'/\&h," IHZp "/\*/\“"C_ /\¢h‘l">./\ B
G >B<W_' ¢ h ! quh_h‘_h" """"‘{""’_5 1 & 0/{t
W< £ ! . _ A S h. ¢ h ‘_ ! Ch"/\l_ ’ ‘C_h" th 4 H h _"'.. _‘“
{‘/\h>‘¢‘|’r”65b|’_ﬁtp B_'<V.I"I B > A h " ! C <’ _"‘ B ]
L B A - w T ot AN v B AhB VO AT s AL, Ah Thyd >kl
Ch<<ct 870" " > A B ¢ h‘B./\Z_hB':{:“>"’.'A‘Z' "L A
B ¢ >8 h <« <8 A ! I b U ¢ h Y h C_h h,IB_J_h‘>>
‘<t honm o h ‘CD_ND‘I/\“"’j{"BI{’Ch/\I’I"c’)‘ A St jhe st e R Y
h=>"yr 3y 8> 7" %w YA _ N , 7 . <h ., " ZUOQ(WWMQ“_ SN |<(Dh
o[h h AL, Y B A C"_""h W*V‘/\ >|5<ht5‘_'>‘5|5’_“‘h‘J\?K{“>H‘,>I
le‘/\ .t >h e 1h'_|5l Ch_h<<'<'_'_hl 1t h B
>8 <w h =" <8’ ' HH 8 _ - A ° _h " " NASASurfaceh _ h 4+ "~ h
Meteorology® "Solar Energy Program(S®H) < 1 . ' >h o ®dm0

U B j , ) h , ‘



n"<,>h_'tﬁ]5_5”u'h“’hJ‘h'hJB,’

USA CAN”

CAN

{ s
DNI averaged annual sum =
[kWhim’ly] Rl
[T <2000 or excluded
I 2000 - 2100
I 2100 - 2200
I 2200 - 2300
[ 2300 - 2400
[T 2400 - 2500
[ 2500 - 2600
[12600-2700
[12700 - 2800+

DNI data based on NASA SSE 6.0
http://eosweb larc.nasa gov/sse/

N

0 625,250 2,500 3,750 5,000

="

s

P

Kilometers

Data provided by Em (2008) for EU-project REACCESS

RUS

JPN

n 4

ph
1 &1

obmyY
h ~ ¢

> h

¢ h h

hi1 "~ h &

>

<. LA

4 t

1 JQB/\_ . ¢
h

ro~ =

V %

X =

¢2KK:’V_

< B

h|l Zl (I‘-hvz‘ <j]"h! "l.

- -

1
Hppnn ¢2KKW_

~ - v t N v

t v 4 t

B > ¢ h

f <
h = 1000 MW.

>h _
. T ' ‘REACCEgS384] . T B =

~

+ N

~ -

N

~ '

Mh ' 7 h
Ah >&8 > B
0l <y . " >h

s 1 ¢ h

>

1 h* < <"'" ><hh h¢
hve . mn

U B j ’ ) h , ‘

MHAN <

ho*

odPHDU



n* - <.>h

'tms_ls”u'h“l’hj'h'hjl:s,’

Suitability for solar thermal power plants:
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Model name  Manufacturer

Used material

Reflectivity (%) Emissive (%) Working temp (EC)

Kraft Paper Ra Bar Products Inc Aluminum 90 10 98

SA85 3-M Aluminum, Acrylic 98 2 95

ECR305 3-M Aluminum Acrylic, Silver 97 3 125

Acrylic Mirror  GCIP Silver, Acrylic 95 5 100

ClearDome The Metalized Products Polyethylene, Aluminum 97 3 100

Heat Shield |  The Metalized Products Polyethylene, Aluminum 97 3 100

IBAD IBAD Alumina, Copper, Polymer, Silvered 97 3 95

CERMET Sun Select The Ceramic,metallic covering fim 95 5 90
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. Gemasolar (Surrounding
PS10 (North Field Layout .
( — Y _ Field Lavout)
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BrBrnyer| c&ruBr 1iardncnd onfrerflonfrerf
B e Bl ol ndeyey e sy (STEORY SO GO VPN RE L Loos | B RLE E e el | T T s nimsesbfodl L5
nmr 61 MWniss{a1uin e Arend it gpyn| 4L ef e (LReEn vy fadfdniame| {00
(GWhiyear) | (Wim?) (%) C) “c) (m)
AIRLIGHT ENER( SOUSSIACA, ORGANIC
: ,
AIFBAHA morocco | 2014 3 2200 210 570 RANKINE 't 5 6159
onfrirs
ANDASOL 1 ANDALUSIA, 2008 50 158 2260 36.073 0.29 293 393 Steam Rankine| (Biphenyl/Diphenyl 75 510120
SPAIN
oxide: Dowtherm A)
onfrirs
ANDASOL 2 ANS:);I[;'\‘SIA‘ 2008 50 158 2260 36.073 0.29 293 393 Steam Rankine| (Biphenyl/Diphenyl 75 510120
oxide: Dowtherm A
ANDAsOL3 | ANDRLUSIA- | 200 50 158 2260 36073 029 203 393 Steam Rankine| o nf i s 75 510120
arcrivepe | SYRACUSE.SIQ 5010 a7 92 1936 22.345 Molten Salt
onfrirs |
ACROSOL AN;):;::\‘SIA‘ 2011 50 175 2007 39.954 293 393 Steam Rankine|(Biphenyl/Diphenyl 75 510120
oxide)
dnfrars
ARENALES | SEVILLA, SPAI[ 2013 50 166 2064 37.900 203 393 Steam Rankine| (Biphenyl/Diphenyl| 7.5 510120
oxide)
ASE DEMO UMBRIA, ITAL® 2013 0.4 0.28 1527 7.991 290 550 Steam Rankine Molten salt 4.27 3398
ASHALIM PLOT | NEGEV DESER]
JNEGEV ENERG| |SRAEL 2019 110 415 2393 43.068 0.21 383 Steam Rankine onfrars 45 4000000
onfrirs
AsTE1A | CUDABREAL 501 50 170 2104 38813 017 290 393 Steam Rankine| (Biphenyl/Diphenyl| 8 510120
oxide)
onfrirs
ASTE 1B C\Ug:g,?EAL 2012 50 170 2104 38.813 017 290 393 Steam Rankine| (Biphenyl/Diphenyl 8 510120
oxide)
astexoL | FXTREMADUR 50 170 2055 38813 016 203 393 Steam Rankine| o nf iy 8 510120
onfrirs
NORTHERN CAI
BOKPOORT SOUTH AFRIC. 2016 50 230 2949 52.511 0.22 Steam Rankine (Blphe(;\:/‘zg)\phenyl 9.3 588600
EXTREMADUR onjfrirs
CASABLANCA SPAIN 2013 50 160 2064 36.530 0.27 293 393 Steam Rankine| (Biphenyl/Diphenyl 75 510120
oxide)
N
(Biphenyl/Diphenyl
CGNDELINGHA QinghaiChina | 2018 50 199 1950 45434 013 203 393 Steam Rankine| 620000
oxide: Therminol VA
INNER
CSNPURAT | MONGOLIA, | 2020 100 350 2170 30954 01 Steam Rankine| o nf iy 10 1150000
CHINA
EnersTAR | VASNOANAL o013 50 100 1992 22.831 028 203 393 Steam Rankine| o nf r iy 339506
onfrirs
EXTRESOL 1 EXTZEXI/:‘DUR 2010 50 158 2096 36.073 0.25 293 393 Steam Rankine| (Biphenyl/Diphenyl 75 510120
oxide)
onfrirs
EXTRESOL 2 EXTZE’X‘I?\‘DUR 2010 50 158 2096 36.073 0.25 293 393 Steam Rankine| (Biphenyl/Diphenyl 75 510120
oxide)
onfrare
EXTRESOL 3 EXTE'E;\:&DUR 2012 50 158 2096 36.073 0.25 293 393 Steam Rankine| (Biphenyl/Diphenyl 75 510120
oxide)
onfrare
GENESIS SOLA|  CALIFORNIA, (Biphenyl/Dipheny!
e o e e 2014 250 580 2676 26.484 019 393 Steam Rankine| (2P TID e | 1928320
1
onfrirs
GopAwaRl | FANISSTAN 501 50 18 1667° 26,941 011 203 393 Steam Rankine| (Biphenyl/Diphenyl 392400
oxide: Dowtherm A
onfriry
GUZMAN CORDOBA, SPA 2012 50 104 2064 23.744 0,32 293 393 Steam Rankine| (Biphenyl/Diphenyl 310406
oxide: Dowtherm A
HELIOENERGY | SEVILLA, SPAIl 2011 50 95 2159 21.689 034 203 393 Steam Rankine| o nf iy 300000
HELIOENERGY | SEVILLA, SPAIl 2012 50 95 2068 21.689 031 203 393 Steam Rankine| o nf r iy 300000
HELIOS1 | CASTILLA, sPA| 2012 50 97 2002 22.146 027 203 393 Steam Rankine| o nf r iy 300000
onfrare
HELIOS 2 CASTILLA, SPA] 2012 50 97 2092 22.146 0.27 293 393 Steam Rankine| (Biphenyl/Diphenyl 300000
oxide: Xceltherm)
onfrare
HOLANIKU | HAWAILUSA | 2009 2 4 . 22.831 93 176 Steam Rankine| (Biphenyl/Diphenyl
oxide: Xceltherm)
onfrrmpa
BErsoL | CUDARREAL 2000 50 103 2042 23516 027 304 301 Steam Rankine| (Biphenyl/Diphenyl 287760
oxide: Dowtherm A
NORTHERN CAI
ILANGA 1 SOUTH AFRIC 2018 100 320 2937 36.530 0.19 293 393 Steam Rankine| onfrars 45 869800
KATHU SOLAR| NORTHERN CAI
oA 2019 100 500 2830 57078 0.16 203 393 Steam Rankine| o nf r i
NORTHERN CAI
kaxu soLar o NORTHERN CAY 2015 100 330 2963 37,671 0.24 Steam Rankine| o nf r i 25 800000
KVK ENERGY RAJASTHAN,
oL oy RASY 2013 100 1940 onfrary 4
LAAFRICANA | CORDOBA, sPA 2012 50 170 2062 38813 028 203 303 Steam Rankine| 75 550000
onfriry
LA DEHESA EXTZE’\A"&DUR 2011 50 175 2069 39.954 0.24 Steam Rankine| (Biphenyl/Diphenyl 75 552750
oxide)
onfriry
LA FLORIDA EXTZE’\A"&DUR 2010 50 175 2086 39.954 0.24 298 393 Steam Rankine| (Biphenyl/Diphenyl 75 552750
oxide)
LARISCA | EXTREMADURY 5909 50 105 2085 23.973 03 203 393 toam Rankine| ©phoryiDianenyt 352854
ALVARADO SPAIN © (Bip ony‘de)p v
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onfrars
LEBRIUAL | SEVILLA, SPAI 2011 50 120 2065 27.307 034 395 Steam Rankine| (BiPheny/Dipheny! 412020
oxide: Therminol VA
onfrirs
masapas1 | EXTREMABURS 5010 50 1045 2086 23.858 03 303 Steam Rankine| (Biphenyl/Dipheny! 372240
oxide)
onfrirs
manchasoL 1| AR REAL 011 50 158 2107 36.073 025 203 303 Steam Rankine| (Biphenyl/Diphenyl| 7.5 510120
oxide)
onfrare
manchasoLz| UGB REAL 01 50 159 2107 36.301 025 203 303 Steam Rankine| (Biphenyl/Diphenyl| 7.5 510120
oxide)
MEGHA SOLAR| ANANTAPUR, onfriry
| 2014 50 110 1476 25114 012 203 303 Steam Rankine| (Biphenyl/Dipheny! 366240
PLANT INDIA oile)
onfrare
MOJAVE SOLAH  CALIFORNIA, (Biphenyl/Dipheny!
FAy D o 2014 280 600 2888 24.462 024 Steam Rankine| (3P /OPnelY | 1559347
MORON ANGEESA | 2012 50 100 2068 22831 036 203 303 Steam Rankine| ¢ nj (i1 & 380000
NATIONAL SOLA @henyDipneny
THERMAL POWE GURGAON, IND| 2012 1 293 393 Steam Ranking| (BIPheny/Dipheny! 8000
oxide: Therminol VA
FACILITY
NEVADA SOLAH NEVADA, UNITH onfrirs
: 2007 72 134 2625 21.246 02 (Biphenyl/Diphenyl| 05 357200
ONE STATES "
oxide: Dowtherm A)
] onfrars
NOOR ENERGY | DUBAI, UNITE(]
Dewa v | Ans emmard 2022 600 1967 (Biphenyl/Diphenyl| 11
oxide: Dowtherm A)
DRAATAFILATE onfrcirs
NOOR | 2015 160 370 2497 26,398 028 203 303 Steam Rankine| (Biphenyl/Dipheny! 3 1308000
MOROCCO
oxide: Dowtherm A)
DRAATAFILATE
NOOR II oroceo | 2018 200 600 2503 34247 016 203 303 SteamRankine| ¢ nf (i & 7 1779900
ouvenza1 | FXTREMADURY - a01, 50 100 2053 22831 034 203 303 SteamRankine| ¢ nf (i & 402210
oreLLANA | EXTREMADURY 5015 50 118 2074 26,941 025 203 303 SteamRankine| ¢ nf (i & 405500
onfrirs
PALMADELRIO|  ANDAUSIA | 2011 50 1145 2064 26.142 029 393 Steam Rankine| (Biphenyl/Dipheny! 372240
oxide)
1
PaLMADELRIO|  ANDALUSIA | 2010 50 1155 2064 26370 028 393 Steam Rankine| (Biphenyl/Diphenyl 372240
oxide)
ARIZONA, UNIT! onfr
SAGUARO : 2006 1 2 22831 120 300 Organic Rankind (Biphenyi/Diphenyl 10340
STATES
oxide: Xceltherm)
SHAGAYA KUWAIT 2019 50 180 41096 017 Steam Rankine 9
ABU DHABH @pmenyDioneny
SHAMS 1 UNITED ARAB| 2013 100 210 2019 23.973 027 300 400 Steam Rankine| (BiPnenyl/Dipheny 627840
oxide: Therminol VA
EMIRATES B
souapen | EXTREMADURY - 5015 50 100 2076 22831 03 203 303 SteamRankine | ¢ njf (i s 300000
souasenz | EXTREMADURY - 501, 50 100 2076 22831 028 203 303 SteamRankine| ¢ nf r i s 300000
SOLABEN 3 EXTZEXI‘;DUR 2012 50 100 2076 22831 028 203 303 SteamRankine| ¢ nf r i s 300000
SOLABEN 6 EXTZEXI‘;DUR 2013 50 100 2076 22831 028 203 303 Steam Rankine| ¢ nf r i1 s 300000
SOLACOR 1 AN;’:/:L,J“S'A' 2012 50 100 2042 225831 028 203 393 Steam Rankine| ¢ nf r i1 & 300000
SOLACOR 2 AN;’:/:L,J“S'A' 2012 50 100 2042 225831 028 203 393 Steam Rankine| ¢ nf i1k 300000
PHOENIX. (B? Ee{\ Diphony!
SOLANA  |ARIZONA, UNITY 2013 250 044 2784 43105 02 203 303 Steam Rankine| (BiPnenyl/Dipheny 6 2200000
oxide: Therminol VA
STATES B
SEVILLA,
SOLNOVA 1 | ANDALUSIA, | 2009 50 11352 2076 25918 03 393 Steam Rankine| ¢ nf i1 s 300000
SPAIN
SEVILLA,
SOLNOVA 3 | ANDALUSIA, | 2009 50 11352 2076 25918 03 393 Steam Rankine| ¢ nf i1k 300000
SPAIN
SEVILLA,
SOLNOVA 4 | ANDALUSIA, | 2009 50 11352 2076 25918 03 393 SteamRankine | ¢ nf r ik 300000
SPAIN
STILLWATER
GEOSOLAR Hygi| NEVADA UNITE 5515 2 3 17.123 Organic Rankind 1nfe
STATES
PLANT
CADIZ, Snfrirs
TERMESOL 50| ANDALUSIA, | 2011 50 175 2007 39.954 021 203 303 Steam Rankine| (Biphenyl/Diphenyl| 7.5 510120
SPAIN oxide)
BADAJOZ,
TERMOSOL 1 | EXTREMADUR{ 2013 50 180 2077 41.006 028 203 303 Steam Rankine| ¢ nf r i s 9 523200
SPAIN
BADAJOZ,
TERMOSOL 2 | EXTREMADUR{ 2013 50 180 2077 41.006 028 203 303 Steam Rankine| ¢ n§ r x {54 1 9 523200
SPAIN
THAI SOLAR | KANCHANABUR
ENEROY 1 A AND, 2012 5 8 18.265 201 340 10 s 45000
NORTHERN CAJ
xina soLAR ON| NOTTEERREAY 2018 100 380 2960 43379 02 Steam Rankine| ¢ nf r i s 55 850000
IsccHassI R M| FACHOUAT. | o5y 20 2159 0.000 203 303 Steam Rankine| ¢ nf r i & 183860
ALGERIA
onfrirs
Aalborg CSP | NORTH JUTLAN] (Biphenyl/Dipheny!
sl enmaRk | 2016 55 1025 0,000 252 312 Organic Ranking \=PheTVIoPHe | 26929
BorgesTermosolar|  “ATALONA | 201 225 1878 0,000 042 293 393 Steam Rankine| ¢ nJ i1 & 183120
P st

137

+



n* - <.>h " Chy ¥

”u'h""hJ‘h‘hJB

Martin Next onfrars
Generation Solar| FORDA ONTH 201 75 155 1799 23502 03 Steam Rankine| (Biphenyl/Diphenyl 464908
Energy Center oxide: Dowtherm A
Agua Prieta Il | SONORA, MEXIf 2017 12 onfrars 85000
onfrirs
City of Medicine | MEDICINE HAT|
Hat ISCC Project] CANADA e 44 a8 f;?;:ry;g[l:g::)yl 28
Trars
ISCC Ain Beni ORIENTAL, - | (Biphenyl/Diphenyl
Mathar MOROCCO 2011 20 55 2072 31.393 393 Steam Rankine| oxide: Therminol Vi 183120
1)
ISCC Green Duba TA%‘:};KS:?U” 2023 43 2469 0.000 SteamRankine[ ¢ nf r i s
WAAD AL
'Scsia‘f’";ad Al shamAL, saur] 2018 50 2521 Steam Rankine| ¢ nJ (i1 &
ARABIA
onfrars
ISCC Kuraymat KUERQ\‘(’;”TAT' 2011 20 34 2154 19.406 293 393 Steam Rankine| z)(zszeh?r“ye‘rﬁlw‘:\r:j(‘/)g 130800
1
famin | 2023 600 944 2963 57.077625 0.1 304 570 - 0 1 4000000
s 201249 |  70.7097222 182.8902 2175.7424 30.785630 0.247627 283.705 392.46667 - - 6.873428571) 580480.307
ULB B3¢ 2012 50 100 2076 22.8310502 028 203 303 Steam Rankine UAAZtTB s 75 510120
> , oot f N ‘ - ’
A h ¢ hyh Fj] ¢ h A h - A B h h
| hu dm ) . i > >
o
=
BiBrniy craBr| v3rfinen -
B B B B Br CR-Ja < o3
A N R R L IR AN LA RS A A TN PR LYY € [Eec e N RO A L SO A B S AR AL 1A ()
(GWhlyear) (W/m?) B[ &l B =
ACME SOLAR
TOWER RAJASTHAN INDI| 2011 25 STEAM RANKIN 1nfs 16222
ASHALIM PLOT
SHALMPLOT| aswaLim, 1srag| 2019 121 320 2393 30.190 0.23 g 1052480 240
ATACAMA 1/
cerro | ANTORRGASTAI 2021 110 3186 0.000 STEAMRANKIN [ nf &mrny{ 175 1484000 243
DOMINADOR
BADALING DAHA| BADALING, CHIN/ 2012 1 1.9 1290 21.689 STEAM RANKIN 1nfs 10000 118
CEEGIAMI XINJIANG, CHINA 2019 50 198.4 1789 45.297 0.1 13 696751 220
CRESCENT DUN|  NEVADA, USA 2015 110 500 2734 51.889 0.18 STEAMRANKIN [ n f &mr n) 10 1197148 195
CRS SALES SEVILLA, SPAIN] 2012 5 0.000 {ndEmrn) 10560
Infaemrn
BrBro{hs
GEMASOLAR SEVILLA, SPAIN| 2011 20 110 2072 62.785 0.28 STEAM RANKIN POTASSIUM 15 304750 140
NITRATE)
GENERATION 3 niIBRMINDY
PARTICLE SAND| NEW MEXICO,US 2025 1 0.000 sCO2 brayton B160S BT 8 6 60
GENERATION 3| WAAD AISHAMAL]
PARTICLE SAUL|  SAUDI ARABIA 2026 2 6 2592 34.247 Air Brayton WHITE SAND 6 16000 52
Ry <3| mersiN, TURKE[ 2012 1.4 0.000 STEAM RANKIN 1nfs
IVANPAH CALIFORNIA, US| 2014 377 1079 2768 32.672 0.19 STEAM RANKIN 1nfs 2600000 140
NEW SOUTH
JEMALONG | 01 5. AUSTRAL 2017 11 22 22.831 0.64 LIQUID SODIUM 3 15000 30
RHINBVESTFALIA
JuLICH e 2008 15 0.000 Enf B1 15 17650 60
NORTHERN CAP!
KHISOLAR ONE| "<\ 11 aAFRICA 2016 50 180 2952 41.096 0.22 STEAM RANKIN 1nfBKkBJ 2 576800
NEW SOUTH
LAKE CARCELLI(] WALES, AUSTRA] 2011 3 0.000 STEAM RANKIN 1nfs 6080
LUNENG Haixi [ HAPL QINGHALL 5019 50 160 1945 36.530 0.09 STEAMRANKIN { nf &mr n) 12 610000 188
s~ st
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NATIONAL SOLA]|
THERMAL TEST| NEW MEXICO, U§ 1978 5 0.000
FACILITY
NOOR ENERGY ]|
R EneR DUBAI UAE 2023 100 1967 0.000 STEAM RANKIN [ n [ &mr n) 15
NooR | DRASAPLALET) 2018 150 500 2508 38.052 015 [ STEAMRANKIN [ nJ &mr n) 7 1312000
PLANTASOUARA!  seviLia, spay 2007 11 234 2076 24.284 021 1nfs 1 75000
PLANT:SSZS’LARQ SEVILLA, SPAI 2009 20 48 2076 27.397 0.26 Tnfs 1 150000 165
POWER CHINA | HAINAN, QINGHA|
e coner] etinA 2019 50 157 1883 35.845 0.1 STEAMRANKIN { n [ @mr n ) 6 516000
NORTHERN CAP!
REpsTONE | NORTHERN APl 2023 100 466 53.196 13 {nfemrn) 12
SEDC ISRAEL 2008 6 0.000 1nfekBJ 60
SHOUHANG
JIUQUAN, GANSI
ounHuANGHas LS 2016 10 1777 0.000 [nfemrn 15 175375
SHOUHANG
J JIUQUAN, GANSI
DUNHUﬁNG PHAY CHINA 2018 100 483 1777 55.137 0.08 STEAM RANKIN [ n J &mr n 11 1400000 263
PORT AUGUSTA|
SUNDROP e 2016 15 17 12.938 STEAM RANKIN Tnfs 51505 127
SUPCON DELING|  HAIXI, QINGHAI,
e RN 2013 10 24 2043 27.397 009 | STEAM RANKIN 1nfs 2 63000
S e NG| HADL OWCHALL 2018 50 146 2043 33.333 0.09 STEAMRANKIN [ nf &mr n) 7 542700 200
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R R L A o B VL L X At T T A
nmrBJB1 nBff11viy ($kWh)[ [ nd (hrs)
(GWhlyear) (W/m2) (%) (hrs) (m2?)
Augustin OCCITANIE,
ity crancE | 2012 03 1800 0.000 1S 0.25 400
Dhursar RA%\SILHAN 2014 125 280 1742 25571 0.11 1S
eLLO Solar
Thermal | OCSITANIES 5019 9 202 1930 25.622 1S 3 153000
. FRANCE
Project
Huagiang | ZHANGJIAKOI 1{nfn
i it CHNA 2018 15 1767 0.000 0.12 hafen 14 1700000
Lanzhou
JIUQUAN, InfeEmr| {nfEmr
Dach 2016 10 60 1786 68.493 16
ey | cHiNa Brbl| Brb1
{n{Emr
Lanzhou .
Dacheng JUQUAN, 1 5550 50 214 1786 48.858 01 |ddeEmribrbl OB 15 1270000}
pnre2 CHINA Br Bl 2
nnrRBrN
P“e”‘; Brradol \jyrcia,sPA| 2009 14 2 16.308
PuertoErrado
A MURCIA,SPAIl 2012 30 49 1996 18.645 03 ynfs[onfcsr 05 302000
RendeCSP |CALABRIA,ITA 2013 1 3 34.247 i [B B“’n”f 9780
ZAGLES 2020 125 280 1996 68.493 0.1 0 0 16 1700000
I AEB 20153  36.67 113525 1850.38 30.624 0.146 0 0 925 733507
J’ > Ah € h . pCDOY vh h¢e ! o _ ¢ h _ *Fvesnél'_hhl‘¢>“-‘/\>’>+5, 17
[h_h A TSHARKITTMAMA TS >hoAl R AwWhs
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TOTAL

INSTALLED CAPACITY FACTOR LCOE (USD/KWh)

COSTS (%)

(USD/KW)

2010 2022 2010 2022 2010 | 2022 AKaT) g KEEg K

10082 | 4274 30 36 0.38 | 0.118 0.39345
[~ Ahcn ponyY 1. A" <" ¢ ¢ 4 ¢h A JAOE' & X 1 .
h™" HaAMA ¥ HANHHD® wmMycC?B
CE h Ah ~ o VAL _ ! I‘ N /aZ{/\l"’>,5__flh‘Z’Np SDV2A B A D -y _¢ h H* @& '/\? h * _ ~
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