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Net power generation capacities added in the EU 28 in 2013 (MW)
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Evolution of global cumulative installed capacity 2000-2013 (MW)
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20000 - o146 15,795

1275 1,599 2,050 2614 3,700 5085 6629 .

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

ROW 751 807 887 964 993 1,003 1,108 1,150 | 1,226 1,306 1,590 2,098 2,098 2,183
= MEA - - - - 1 1 1 2 3 25 80 205 570 953
mChina | 19 | 24 42 52 62 70 80 100 | 140 300 800 3,300 6,800 18,100
BAMERICA 21 24 54 102 163 246 355 522 828 1,328 2410 4,590 8,365 13,518
WAPAC | 368 | 496 686 916 1,198 1,502 1,827 2,098 | 2,628 3,373 4951 7,513 12,159 21,992

W Europe 116 249 381 580 1,283 2,264 3,258 | 5274 | 10970 16,777 30,352 52,462 69,699 79952
TOTAL | 1,275 | 1,599 2,050 2,614 3,700 5085 | 6,629 9,146 | 15795 23,108 40,183 70,168 99,690 136,697

Source: EPIA
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Number Consulting Co. Province Location Capacity (MW) Date of Operation
1 Atrian Parsian Tehran Malard 0.514 2014
2 Pak Bana Qom Qom 1 2016
3 Aftab Mad Rahe Abrisham Hamedan Qahavand 7 2016
4 Aftab Maad Rahe Abrisham Hamedan Aq Bolagh-e Latgah 7 2016
5 Negin Setare Marzi Taybad Shayan Razavi Khorasan Taybad 5 2016
6 Ayandeh Sazan Sayareh Sabz Isfahan Kashan 1 2016
7 Tara Moshaver Alborz Shams Abad 0.23 2017
8 Ghadir Energy Investment Co. (GEIC) Isfahan Jarghouyeh 10 2017
9 Toseeye Faragire Jaask Kerman Mahan 10 2017
10 Solar Energy Arka Kerman Mahan 10 2017
11 Mehrad Energy Arvand Kerman Rafsanjan 1.2 2017
12 Pejvak Omran Kish Yazd Ardakan 10 2017
13 Aftab Taban Kavir Part South Khorasan Khusf 10 2017
14 Sarzamin Abi Do Qeshm Hormozgan Qeshm Island 10 2017
15 Behnad Energy Pars Lian Fars Sarvestan 4.6 2017
16 Gostaresh Energy No Atiyeh Sistan & Baluchestan Zahedan, 10 2017
17 Gostaresh Energy No Atiyeh Yazd Ashkezar 10 2017
18 Aftab Maad Rahe Abrisham Hamedan Kerdabad 7 2017
19 Aftab Maad Rahe Abrisham Hamedan Qahavand 8.9 2017
20 Aftab Maad Rahe Abrisham Hamedan Famenin 8.6 2017
21 Shahrekord Cement Industries Chaharmahal and Bakhtiari Share-Kord 1.5 2017
22 ABO wind Semnan Syed Abad-Damghan 1.313 2017
23 Taban Energy Development Fars Eqlid 10 2018
24 Taban Energy Development Fars Abadeh 10 2018
25 Nika-Energy Fars Shiraz 10 2018
26 Tose-e Maksan Dehshir Yazd Dehshir 35 2018
27 Iran Tablo Alborz Nazarabad 0.628 2017
28 Pars Ray Energy Bahar Tehran Shahr-e-Ray 10 2017
29 Mahd Tejarat Gostaran Attar Fars Abadeh 10 2017
30 Mohandesi Moshaver Tajdidpazir Soheil Tehran Damavand 8.4 2017
31 Taban Energy Mehr Afarin Tehran Tehran 0.02 2017
32 Tose-e Khorshidi Mehriz Ghadir Yazd Mehriz 10 2018
33 Tose-e Energy Sabz Shafagh South Khorasan Boshruyeh, 1 2018
34 Energy Sabz Kavir Kish Kerman Mahan 10 2018
35 Khorshid Derakhshan Kavir Yazd Chahak 10 2018
36 Tose-e Energy Khorshidi Ghadir Qom Qom Qom 10 2018
37 Mapna Qazvin Kahak 2 2018
38 Installed PV Power Plants by Electricity Subscribers Across the Country Across the Country 4.701 -

39 Small-scale Solar Power Plants Across the Country Across the Country 7.9 -
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v

series string

Vseries string = Vi xn For PV devices in parallel:
Pos (+) Neg (-}

Iseries string = |1 = |2 e = In (for similar Viarattet = V1= V2 wooie = Vi igor simitar devices)
devices} Vparallel = (V1 B VZ . Vn) I'n

=V, + V.V,

n

Js=8r @

Jeadr E.

I =l e+ i
Barglle- ‘ parallel 1 2 n BarghNews.com

- Output e I — Output 4
@ \oltage @ —-=® \Voltage @—m——

2.0 volts 0.5 volts
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[1] Yilmaz M. (2013), Determination of methods deriving electrical energy from
solar energy and optimum efficiency by solar tracking system, PhD thesis,
Department of Electrical Education, Marmara University, Istanbul.
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=——Electrical efficiency

Temperature

1 2 3 4 5 ¥ 7 & 9

[1] V- J0)

[1] Fesharaki JV, Dehghani M, Fesharaski JJ.
The effect of temperature on Photovoltaic cell
efficiency. In: Proceedings of the 1st
international conference on emerging trends in
energy conservation; 2011, p. 1-6.
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[1] Ahmed Elnozahya, Ali K. Abdel Rahmana, Ahmed Hamza H. Alib, Mazen Abdel-Salamc, S.
Ookawarad, Performance of a PV module integrated with standalone building in hot arid areas

as enhanced by surface cooling and cleaning, Energy and Buildings, 88 (2015) 100— 109.



JWLJ”J LSLQ (e Ls)lf S &‘9.,‘
d)ju;o)‘)ﬁ ool O yg0 &JUeaﬁ LSLQ J.sl.: o LS)lS“S"?LJ“ﬁ) 9o ®

2 Sl oo SSlged s (0 (Sl 5,5 S by, 5l eslaal gl g, -
T ooLo...w‘ 6)l5 Ses LS‘)" J...a @91} Gb.w SS9y ‘9.&) L: g.j Jl.u.u )‘ YW ‘L)::’9) u.a‘

Oa.w

Top headers —p
Nozzle

Woater film
Photovoltaic lf

panel

Bottom
headers



el . . o . ! .

ol eSS e 2l (S P 4 LSS Sl S gg e 1 oolall -
@ Sldged v sle,S 5l &S a5 cal gad e G‘;)ly o g S5l 928
) bl alex 3l 0gd e colaiwl siole I alize Blanal gl £,8 Jaaze lgic
:)“ M)L..c W‘“"““"“ ”

Oyl g9 B Oleyer odgs v

1o s 90 2036 L dslie 0 oS J s YL LS 205L v

1o s 90 b duslio o S glas Jleil v

Q] e Job sl g SSlges o Sl s seals v



PRI SO JE TR WL {1 PYVE - PO SWOURI R SR -

I L I Y3 IS RPSUL S BT PRt 3 JESIE Wt bl PYLE R PO SNVOWINY- E S I
1g (50 (SO

52 5 (e (PSS ged e v

Sy p e (5l SS9 g8 s Y
Sl Ay e Gl Sl ggid g

o 5B o olge b SSldgend Ly v



LSM)P uf ﬁ)f &e‘ A.glxll..o 6)l;’.5lw 6‘)‘*3 gT,| JOp (5',’)|).>/~._§.3,§l;;]99;;§ e
sl dgd o)ls )18 SColdged Lo o) Coomd [0 (o3 OOl asmino o] jo 4 col
il 950 @l g 805 (oo 518 (msle b Silae O pgar D3> amis ;0 (k8

b s Qle. >

Photovoltaic

Absorher plate Cover box

Water tubes




98 p om (&)) o/ Sl 9958 i

Sadyg> O 05 e alde Sl il e (e (5l S8 e
oS S gl Jo Ol cdbobigen,S jae b o 6o, 3l USS Bllas lgp L]

u)‘).> JLM‘ C)" S g st.g udl} Ao u.w.: 59 L S 2 l.> > oy d..:j.w P ‘a)f Le‘.:‘

Glazing Photovoltaic panel
¥ Absorber plate
Cold air
£ Fins

Cover box
Hot air

—_—

0000000000000 7272




Sy p (e (& Sl 9938 s

30 e 06 P S Saldggd sl o iy jo 6 sledsgS (foriomnions ey e
0diJBa axly o)y [n 09l oo i b gy D)l iz big 00,5 e LhisS 0

g eolawl ol Slaal gl wilg e jguilaiS axly ;0 09290 Lo, g 050 (o

Evaporatot coil Photovoltaic panel
Refrigerant
Ny outlet
[ ]——»
Refrigerant
inlet
—* [




ol Ay u e I/ Sl ge58 i

oA o g sile wadlsy e aw Ll (Jgene ole)S o) wile pieces (nl 0
0900 Jl 5 Bl (o0 st s> sl i Sty otz 00T S s
G Caand 4y 5 05h (o0 P gt sl Sl )l e b i
b 0y9e 0l )l o o) (o0 05bg0 pad wle g les sl 50,5 ST sl

sl ool Oyl ool w4 0B Sl S sle dg) Gl s ol

| T T T ] T 1 Condenser
BN N R — 14T section
Cold water {4 | Hot Water 4
inlet | i; = : : outlet f:
o) € ) | : s —Evaporator
. H I 1 N i 1 | L =
Phﬂtﬂ\-ﬂ][a‘lf-‘-‘ : |‘|L“ \ ] || : | : 5[ section
cells | ' HHq ! Adiabatic 1!
: i ; -
ing; o i i 1=
. T i i '] hotovoltaic
Micro i : : i { [ Insulation =" | :;: anel
water pipe Tt [ | [ 2k 1 ! i P
B - _|._,|._,: : l_,l_l._,l._,:._, q

(a) (b}



v .o o sl . "
Sl Ay p G ) SS9 pinc
Co] )Oté 9 c\.d).s )lS CY QT e L;)M dalad Caad aS W‘OQL«) d.LMas LsaLo)f C\J}J L
Syl JEST a3 g 95l (5l (69959 0l 4 by cplaes JUEH, g0l &)l

108 oo LS 1) Jgene (ole)F dgd SO 5 JS8 iams 0 plandl (S5 Les i L,

 (slalib a3k j
(&2l y9u yaune)

| |
2991 plgl Caound SOLLST Cawd ol A5 Caound

b= sl (se ghise



Crl woged ooliinl SGlggsd iy )15 S ln OlF (o0 5 eaams 5B ks Slge ) @
5 <8l oy 31T LS slae ol i oo el Sy Bl cay 55 Yyons Slga
Jo CBlesSs ol S cel SIS cpl oS e 033 095 0 Lo ioli8l ey g
D9 oo Sl g
Slga wb ol plo sl ol Kol az 50 YO loo Soldgqus Jo o5 ,15 gled o g @
g ol beo ol a4 SSop ©gd alads L osias 518 s olge
Photovoltaic

panel Absorber plate Wooden

cover box

N
PCM AT
B R R R R R R R R R R G
Mfff'ff%:'fj::'::::':jf"'T::j:j:jf:':fj:jf:':'::j::f:f'ﬁ‘:j‘\ luminium
N\ R AR LR AL LA AR ERAAEREREERIN PCM container
‘.\\\kiii'\"li&\\l{i@;ii\\\l\\\\lif\‘ii\\:1§$¥1§?\\§§:\\\‘l‘i\\\\\\i&\\;\\\\l\\..Q.\\\\\Q:\\\:i\\tk.




odidd 18 yusd olge g4 Sl

sl Jo glos Lo 4 08 (o, Kctle az,0 YO 0g0>) ol wgd aaii L osiro 518 poss olge @
s ).’9.9 ).& QM up )‘ A g Ao ol.:55 )L»...M.: J.»obs L_g‘)" ).Lu S)g0 0090 4O a_i::ujg.d
Dgd oo a8l Lgd Cday S olml el ol g adads b onias JB s olge Cwls ioliel @
I, Soldggis sl Jo wilgi oos (o, il a0 Yo 51 5YL) YU Ggd alads L ovims 51,5 olge @
oy e gley o IS 0 Wilgh oo ax 51008 Laas ol il a0 YO togllas slod o0guse o
Lol 5YL oS sloo jo ly B wilgy oo YU gd alaii L oacas 518 o olge 5l oolaiwl asxs o @
L ooasms 5 s olge 5l eolaiul a5 Jb> jo 0SS (6,55l £lo bl sloul 51 g wiS Lae> eSS
Gow gl 1ads Lol o)ls ol e a1y oo3b iSTas oS (o5 gloo jo |y BL wilgs o 0yl gd alads

WS Lads sgue QLO)‘

'“:*“*"W)Lfr*% Woux\)gomo}lﬁﬁrﬁo\y Calbes g wgd aladi Lo oy5les S8 0 o ®



Slad gibe b SSlilggs Jo 6,5 >

oilrl Gibgy £95 (nl g (oo ooliul (Segd Jlws )S) S by ) g, cnl o
9 o pgole zleal) (Shlm il Lol wms o 1) aul )9y b (S iSu jeue

-

05 oo o plesily Gl g by waw Sliles sles

Ultraviolet

Visible Light



(@)

Packing factor

Sl b Jobw jlmo glo @0 alold o 5|2/ Sl 998 slo pinces 51 (B jo @
Py amio by Lol 5 00,5 s30e o] J) Gandygs b 5l si5 093 (o0
e |y alold pl e ool a5 el 6 5l Packing factor ses cal o
I @ gdyr gl Jolo colie Cond Oyge @yl Gl S (o
2y NS 50 0el (o0 (Gl SGsgs by Qi azis Cols
ol 0 ools ioled (sawe,0 YO 9 sae,e V- - Packing factor

(®)

PV/T collectors with different packing factor

(PF) of pasted cells: (a) 100% and (b) 25%




Packing factor

ez em b Caddel 4 a1/ Slged sla e ,oPacking factor e
RN O EX T I S JPR I PR WL

51 25,5 Packing factor ;5,5 nolic ) sl coglyl jo (oS L oS 8g >
Deds oo oolaiwl ¢V

o oolaxul Packing factor :S>o5 polio 5lasl coglsl jo o)) b as =8y >

Oa.w



Seildgeid glo ponws yloni],
Dgidns dslne 5 abasl) 5l 5,1, Sl 908 Glo s (B (Lol

HESE RN |

_ Pelectrical Sy Jolw Colno Ac
NElectrical = I x A
C

@, S ‘ Q‘ 9 :Pelectrical



Sldgeis sl i Lol

NThermal =

mXCpX(TO—Ti)

I XA

Ly &0 I

o519 slo,5 :Cp
=9 ko :To
5999 sles :Ti
CIE RGNV |

LS?)‘J} )9..515“ Coluw :A



ol e Job Gl g pleadly il coge SUilges gla pean (e @
U py Jgaz jo sl loye5 gl ohg Comal Gl nlply sl so o et
L1] ol sas ools Liules Sildgeid sinam moaiSle olg g pleddl, 5 Légs,S
Jo oleadly g ole 51 asyo FY g wiley o jLegn S aS 0l o cumlice
5 Olg 3l oy BF sga wilg e HLeg0,T bl Glo,y b oeads g SCildged

L2l Glbo, en Sildggis o olendly

System Cleaned Panel | Cleaned Panel | Dusty Panel with | Dusty panel
With Tracking Without tracking without tracking
Tracking
P 7.48W 6.39 W J.00 W 2819 W
% Efficiency 7.13% 6.08 % 3.8 % 2.653

[1] Abhilash Bandam, Panchal Ashish K., Self-Cleaning and Tracking Solar Photovoltaic
Panel for Improving Efficiency, International Conference on Advances in Electrical,
Electronics, Information, Communication and Bio-Informatics (AEEICB16), IEEE,
2016.
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Vacuum Cleaner

. . . Microfiber Vacuum Cleaner .
Cleaning Equipment Unit Brush Cloth Wiper & Brush & Mlcmi?ber
Cloth Wiper
Normalized Capital Cost US $/panel 0.12 0.11 0.33 0.32
Duration of Cleaning : -
Per Panel minutes/panel 1 0.75 2 1.75
Electricity Cost of Cleaning US $/panel 0 0 0.000021 0.000021
Per Panel P ' '
Manpower Cost us $,a'panel 0.25 0.19 0.5 0.44
Cost of One Cleaning
Per Panel US $/panel 0.37 0.29 0.83 0.76
Total Cost of One Cleaning 2 .
Per Unit PV Area US $/m 0.51 0.41 1.15 1.05
Total Yearly Cost of Cleaning 2 _—
Per Unit PV Area US $/m*/year 2642 21.07 59.76 54.45
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