N YFAY 5L ¥ olews 110,93/ ol ol (65,91 & puiid

G99 N 90 s e (51 33 I 0590 Aungy Tdaw (i
o 3951 31 odlat b (9 95w w19 S (51 3 (o 595
(SA) ovwv (5 jlwdwwv W g

r‘_f\:\._\dj uﬁlj" d.Ilg_s:\._t.; ‘Yl:\S (o “u.u.a.ﬁ ETTPENVES

ZG.L;S.?' e Bl s 'c_uU
550 3l edlanl d)lpe nySe2) S g (B pan 5l (o Suldged (laptase WA/ ¥/ Y
a5 b Canlpgl (KB 2 0l Lapitangus 4365551 (glod 87 51 (S 050,85 o Cgume Al yo> - e gf'ﬁ-'\i éJU

9 placuing o Spllysd lagiupw elisl (3] g Jls > Sb 655 ol gblie
OByt Bk sl oad I3y (gt il I it (slaygiS > Jile (Slg
[)—il 5 Lowl 0ads La AJ9A J_,.\s u;‘ Elasl dl):’ u_élf slad u..\.mlf el S uf.b)
D G 393 (LA )3 (SeSme (slaely sl o5V (551 Jlasial pof) aul
JoLt) sityss sla i dite ooz 33l (Slb o s 3] 5 93,5 0 ol
Sl (39 o oy g 5 Iy o 4ol i o 5 o e, ol
o=l el Sl p5Y Cole (pjieS asudio Sl 2)90 (G551 (e b GgSme Sl S
)5 s )5 Alie ol )3 35,500y g9y 3 by Blite sl il ol sl Caws & 5]
LSS5 s ] 3548 9 Baa ol as pé coplo ds dng Lyl 0asd
ol Sl Aliecs ool 4 555wl (VL G ps g <85 L Wil o iadgn (gilodinne
colio Lo oSl 51 (S plie 00 (Glo ded 255 w208 5l (ilodinre ool 51
Aol S (50 el sl Wges yob 4 Slusloxe gyl (2Ll (sl ol o oolisl
b ol ol (gilwodly Jloss a2 YOIV Lléls oy b lies 50 adly oo
SIS ¥ o Ly igSane 35lg S 4L (555 o sl gape sia VY sled j1 S S slels
s slrraizme (sly (adyed s el GGl (plpls e dales Sl celw S ysd il o ggi8 oy s

by 121955 g g pliculy Cole Codgize g aaslg ol slasi &y axgi SA Lz,

WAY/ £/

mhshams@alum.sharif.edu iy s i (21N gy ulid, 8 ()
mohsenkia@stud.pwut.ac.ir (rorwlie 18d) 5y 9 & Conto olStils 135> glai (goomiily (¥
h.ravaghi@gmail.com 9y Oylis 65 9 Gy sldylulisl by yulis,ls (¥



Olp) @550 dayic [ AYAY 5L Y oylowd YT 090 A

dosdo

oS 3blie yuler )3 9 0392 (bbiar 9 il b 655l cnl el laa 53 S5l @it Fmabae (eaedysS (65
(Sl lon g Ol g oo o) Ol I Jols slasoly 9 (Juwd wlie Cudgazee aib o Jlastiwl b e
U YL ol b ol jgiS 3 Loguas (o slans il L sdudype 5551 By (sl |y (omilio slacus b
s Blo Slowl @dly 13 g cul oo o b i)l 5l Jlo 5lole A B A a0l 4 a5 b ol sl 03405 2]
S el Ao s B 31y 298 3L 3)90 (55 ebae i Wl e

Lol oad anlyy gy (655 slacuslow 4 da g b (o )bl slalaidlo 3 (gaudysd 5 5l oolasiwl 4 [V] )
2y il s s o 4y Ll sl by (sa0ys8 as)ie (2hb sl Sl s 4 [A] 5 V] 2o
4 [\f]é}).o ol 03,8 dlpiiiy b B 58,8 (s 0 L gad et 089y (gly (Jo [A]C”)“' Cawl 03,55 0,L!
S gedyss o9y 3l edlisel [\V]azse ol bl as aSid gy 4 st Ol Mg Cd )b (e
4 lp Glio )l g dadgn (oSS 5y 4 [VO]5 [VF ety sl 0dls J13 )2 3050 1) 590 ol i
L shuibygd deyro dingo (g5l dnd an [VA] il ond aislyy Soldggd (slapiun aingo Sl (3)9] Cauwd
gl gl Cd s gl gy [Y] @y ol a3l MATLAB Jljdle 5 )5 (gl dinge sl asme ool
- Jo ang bl 4 Sl a4 [VY]g [Y] il 0,5 @l o) caliste gla o jd ol (gandyod (sla o Ao
sl g (PSO) wlyd plosjl w6 5l oslil b aseiie sl b e <SG )3 (g ygs

23S 5l oalil Ly (g8 aeio p L iy diege iyl 5 sdyb (sl Jiy e ol cllie (ol 5o

9 = Ll ol el 151 (58,5 35 )5 g el gV )8 b (SA) il (om )5 (308 S (53l it

o L (SgSs Anly S (el sy s Sl (sl 55 3500 dine Colues (5] G 4y e K0S,
20,5 oo 0Ll dlds aslojlw 4y o3 55 .l 0dds plos] polas

oLy Jido uyp 40 ¥ (S )0 9 e 4310y SsSus dnly SO diieS (65,00 390, 4 Y isu
godd (Byme y 133090 Bua B Y Lisy jd .l el 4l gl Bl (4585 a3 5 b Solggd - cud o
3953 oo 3l oalitl b o Ly Caum ol cdold] p3 395 o diblid l3lE o 05 A 3 g (g jlwding oo
o g 4o (piomes sl 0ad pMel gl g (gilwosly B IS 1 (lRE b ) (S Joly Sy (sl
e ol 5 oV s 9 5 03 pll P 1350 3 o0 &y s oy Al 5 e gl &0 s Sl

sl 015 8]

(s 9Sus 9l g S 55 9,80

(Eras lig) w2ly ol sl ails dljg) Spge 4 (V) gt Bl (Silas (SeSue 2ly S &S WS (25



\a ITAY 5ol ¥ ooylowd YV 0493/ o) (55551 g i

Do dpled Jlo (5 el SlgahS Ve /EXYED ply anly ol AVl Byne il salgd Celw SlgalS Ve/F Jalae
Emin=4 ) 150 celo @lglSo ¥ sle o s cmbse Snlggid sl iy bawg cldgs 4Vl (5,0 ol ol ol
2 a8 iz 00,5 (b (Lo, 35 ) 4l ) Jite Cgo ds sl e ol & Cosl s 4 p3Y (MWh

bl oo 29290 dly (5551 Atuogey (e g (3l 03D Sl (B Jniliy (RIS L g (sl Ll

(P9Sme sy S &l (o )8 (551 Spae (I Jgsa

\VEe. v ) ¥ wlidy)y oY )
Veor \ 5 v LCD ok v
Youo ) \e Yoo Jbee v
.. \ A ¥ bl ¥
¥ \ \. ¥ Gylas o >
VoFeo (Wh)asly iljs,; < pae ggea
Sl 5 018 g3 Jas

) d._;9|) sza)M 9 045 ola_wl MATLAB )I}é‘ LS Y XS Caound )1 d)L"‘t‘-"@(’ u;‘ J> d‘ﬁ
ol kel Canwd a0 03> i (V)Y S p0 a8 (S Sl ela o e dlols 5 (SO STl iy cindy dlass o e

\_/ L
Akl \«‘gzl K=2 K=3

bgsyo Sl ko 9 (Gl o3 S S 3 (led (I S5



Olp! (8555 @i [ IFAY 5L ¥ olowd YT 0490 Y.

b dalgd Gl o5 4 als po dw )3 w2 el (pl 9 oo g i (Gdadye 0 gy (5jl Jie o eIl il 5
by 535 S -

Bl daw (59) 2 byt (AU dplxe -

P o (59) (U Gliee dnmoloe —

iy 93 S50 Sl

b omej 92 () gaw )3 Gl Gy p dges (o soly (Sljl 4 ploj dlg 53 aedygd (L bawgte jlade
olar ele olome o ST Joid 3)90 & ol 00 (5505l Jludo simd po (i G b g Aisligo sy b
b 1y Ll by dges Llamio g9y 5> ) gaw ) LaU e casl AYEY WM sles ails e
[V Pged analoee (1) a5l g5 oo JUo 59,

G =G_ (L+0.033c0s 220" ()
on~ “sc 365

Sl Jlw pIN 59y )3 (LS gy 2900 gldomiio (55, 21 1y g2 (208 e 53 (2 e Gon o 52
dblge yraliod 0S4 5is Gy « N=YFD 5 cugily Jol o) M=) s e
Gl agly bl o cawd a4 (V) alaly 5l a8 wib oo Il doiio ) o gy b D Ay dugly Cuxdge O

WS o oS dyd YYFO B as d +YY/FD l Jl Job )0 i yes

284+n
365

5 = 23.45sin(360 ) (v)

Slsly o rgly 28l o0 (02) oy rgly 381 domiio 3 00 (slily g (G30d)55 maine GIE (slily (4l

ol cud dagly ol Codj agl patie &8 Cunl ((0s) 295 )l rgly 381 (sl g (sudyo3 wadiine U
Hlas (V)goul b axbo Coms aygly il oo (B) dombio ool argly 8l o g Jai 3,90 axino o o 445l
= e G5 pga lagly dols il o (o Jldlchai b (8] eaw G 53 dxio s gl Byl
it (sLlg; (Y S 5 ablige (Yoo yg3 Caoms gy dmiio ol 13 gtz dhitel &y Capm (8] domivo S5 (5

ol 0dds 031y L pe5u

72 i 0)S Sl )d Cuonw dgli g o gy b Cow Ao b gl | puitune GEU 3)95 1 4l;

23,5 dwles (V) oyl 51 g3 o0 Sloj g 595

cosé&y =singsin(¢g— ) +cos o cos(gp— f) cosw (v)



Yy ITAY 5ol ¥ ooylowd YV 0493/ o) (55551 g i

A3be i 5y B 3 Milion hayss o TS 23,5 o dpuno (F) el 1@ o > o8

w=15(t-12) ()

L 070 fpoj o j3 (8l domiio S an s L kel S5 (58] 4 G by 0gyé g golb pln

2ga) drlee (0) dlaty Bilas (gices Bb e iz Coows 4 SIS o B i

o, ==t

S

%A rccos(—tan d tan(g — 3)) (®)

Zenith

Normal to
horizontal surface

clisee gl hales (¥ JSd

S o 595 3wy 3 SRl daalas
93 ° U Glie & b g3 S (o 05 Jlo ok 53 bl Jlae 4 g2 ()1 aw 3 (U Gliee

S 89y = by 50l GRS Ol olgiee () sy 5l edlil b oyls (g daate Jelge 4 (St (e



Olp! (8555 @i [ IFAY 5L ¥ olowd YT 0490 Yy

2yg] Cawd 4 dlasd o 31 (G ) ()15 aws ) dxino

360n
Gg =G__[1+0.033cos(——)]cos g 5
0=GI )] #)
2 by G o (S ISl lude (ej 695 53 J9y S5k 53 shedyg G e (3T g dslne sl
bl ookl b g (F) abal 51 (65 SN L adly oo 5l 5590 Ho (ins g2 i &0 5> (] dmiio S (49,
V] 3yl cuwd 4 MIIMP s 5 (V) dbaly ©yg0 1y H - ol sl WIMP s s G ,51(¥)

Ho = 86400 G_ |1+0.033cos(
0 sc

T

360n
365

. 27w
COS ¢ cOS 5 Sin we + S
)}X[ ¢ @s+ =0

sin gsin 5} (v)

P (V) adaly 5l aol 0sd dwbre Cel S e 4 (88 axie S (95 9 ()8 paw (il Hlade 4l
aS 3505 (55 ISl (01< ) 33,5 o pasuie W29 1 sl (sblg; dluwg 4 &5 atcls O Sloj alols
D]l o cand 4 (A) abasly s

2”(“’2“"1)

_12x3600 )}x{cos;écos&(sin Wy —Sin@y) +———_5—="sin ¢sin§} )

Gec {1+ 0.033cos(36£5n

0 3

360

JaS a5 e lgn Blo cops b zasy (adlh o (o (B 4 (o) aw (59) p2 A ye> HRE Cons 4
945 g0 duloee (1)alayly

H

Ky =——

T ()
Hy

oler sl 8l o (555 sl @)l &l (2l Ho g (ol 59y o sl 381 s (55, 4l L H oS

23,8 oo iy (V1) dasly ©j90 4 KT lga ielo (g (e ls) Slo oy cpizmen Bl oo o)
T =1" 0)

olon Sl 331 g (535 sl @5 sl G5 Lo 5 ol S5, 4 sl 39 o 59 sl 5 | &8

Sl )



" YFAY 5L ¥ olews 110,93/ ol ol (65,91 & puiid

S o 5 9 Gl ()l jae daslas

Jsere (o) De-dise e B8 G2l S jl0diSTy 5 paiene (26 (liee o sl (2l bg) aand ol 5
coyo b zgusg Ladls) Ky ao (conl odis 0uiS1y a8 38l w69, (olo (il 5l ) Ig /1 03,8 dtisons
o (V) dlasly 53 il o (Ign Blo

[Ve] ol osal M) "
1.391-3.650K, +4.189K,? ~2.173K,> if w5 <814

d_ (")
b 1.311-3.022K, +3427K,? ~1.821K,> i 5 >814

23,5 o st <NVFD (SuiSTy o s 5l oalatwl wdgase (pl y

wilisee clacols ) alble cloodly 5| odliul b ¢33l paw (59, p S LU Sloj @j5 (59, » sylol lalllae

3jg sl 5 jg) Job jl (nlS Cjgo 4 alliy) (IS (b @ isbe (IS (Rl Gl sl (ol laged 4 e
1wl o (V) alaly & jao & dallles
(\Y)

5,5 ol (W) daly Sygo a4« [VF] oy You bawgi i (sl ool conds (slanlages

COS @ — COS (g

I :i(a+b COS @)
24 . g
sin wg ———>- COS wyg
180 (O'7)
a = 0.4090 + 0.5016sin(wg —60)

b = 0.6609 — 0.4767sin(wg — 60)

4 j9) J9L’9uL°))l uvLU)wdu(dJl)9)o.L§‘)J uwbd‘;g.cl.wo.&.«s‘)) uwbwu) rddl.m)l.)yw’ | FERV{INY
[VF] ] oo o

- T COS(O—COSQ}S
d — 24 . g (YY)
sinwg ———>-C0S wyg
180




Olp! (8555 @i [ IFAY 5L ¥ olowd YT 0490 Y¥

c;.,‘._ml}b 9= (5)—"9&9) ]a;l).w )l u;ul) D?&f‘bﬁ‘y u,wl.: wm&pw)ﬁw‘ml 0 Caound U”I 2

Cawd & (V) dlasly 5l oolitw] b paiiins (ol Cpn g Gl 00 LS 1) o il cpl soz0 SIS 058 0 ais by

el Anlgs
I =i (1)

O gaame | paw (g9, (IS il el aalgs s 4 I laie (V) alal, 5l eolil b g Ky s asctie b

233,50 i ysi (V8) abasly 55 S b o] se Cawnd 4 gid 00 013 s o 69y 45 Ciliee g glan

b =h ot diso T des T dn T re (V)

c®9))9):| cb.\.fSl).i srv.M ‘LEK dl.tbuwb L Jo}g).o iy refl 9 hz csdsod b T dLb:quul ‘U] P LY

A (5“)&”‘ 9 Lgt).‘ﬂ ,.wo 5 9 w.&.h)f .Lw))9> )5.)

/‘ Beam

;/- Circumsolar
. Diffuse

Isotropic
Diffuse

from Sky
Dome

Diffuse from Horizon

_
A ;

TGround - Reflected

*Ground”

oSy (B WU g pallime (Wil (V¥ JSS



" YFAY 5L ¥ olews 110,93/ ol ol (65,91 & puiid

3= Jie s HDKR (S5 5552] 00 zylas (sl Jao 1 b (V) dlaly 3 JS il o9)0] cawd &y (sl Jbs
Sng ozl Jio wilen Ly,a HDKR e 595 oo 45 G yo 1 5 ool (S e 4y Joe jl 09 ol

Cowl 0a i oolaiinl Sagyignl Jdo jl clio pl o .l ouds dlpiuius (igy ol loiul Jolde jlaud zolaw (ly g Cowl

[V Jogiien ey (V) oty 090 & oS

I =1,R + 1, (1+C2°Sﬂj+ g (l_czosﬂj (V)

I s g 38l e (59 pediane (B 49l5 (F) JSS 50 2980 Gl (VA) Spgo 4 (385 yobo & o8 2l o0 381

I FX WIS ULM) oy

" _Gb,T Gb,n cosd _ cosd

b = =
Gb Gb,n cos@; Cosédy

(OA)

Oy

O
Gbn b B

[ | ' 4

sl 9 (38 o (595 pallions i gl (€ JSWS

0y S ;> a3 VAe g Jlasis 0, e ,d 4D o Bl praws b (sl ygiSIST (cl s igans] dingo dgls ¢ 3,k 5|

2l oo o 4 (V) dlaly Syg0 4 RO cwotin Cops Y] Ly, (00l b ol pls ol ogin

_cosocos(¢— A)sined +(rr/ 180)ak sin(g— B)sino
Pb - Cos SCos sin e +(77/180) g Singsin o

(%)



Olp! (8555 @i [ IFAY 5L ¥ olowd YT 0490 vs

D9 o0 Ly (Vo) dlaly ©j90 4 g oyl > &S

- { arccos(—tangtans) }
w§ = min (v+)
arccos(—tan(¢—p)tano)
23)5 (oo iy (V) datly ©jg0 4 Jlo o (o )5iSIS aws (595 2 008 030l (6551 jlde cnl
8760
e Tl il 7)

Ao dnwbe pll Culio dy bgyyo | il izmed aiSbo Bl o al5 Beiywe; (olSail cups 35 pg

Jld%ﬁ c.hw $9y wlw Jfﬂ U|J:"° daculae

(YY) adasly 5 Jgl cudy (g9, odel Camds (65550 jlaBo oyl pls 3,005 3539 als Jgl Clnd) (69, el Lo (V JSC5
IV] oS oo 03lil (YY) abasl 5l aslo 3939 e @ ey plos (glps Lol ool Aalgs s

8760 | . oh
b = 2, 1@ 1g N6 )i Ry +1gi Ry ] (¥v)
g 4 5 313 395 o8] (555 i o8 el ol )i SIS (g5, 02581,y G5 (sl ekl s REM o 0 o8
¥V 35 0m i (VF)

RSN = cos? 12-1/2((d2 +)V2 ~d]sin 5 "

(Y2) 5 (VF) bly) gm0 an 48 st )5 308 s (5, il (op0 9 Jsb i 2 Igy 9 N iz

g oo L ya

| _q_dsinp+cosp sinyi | (v¥)
si I cos ftanaj +sin FCoSyj




" YFAY 5L ¥ olews 110,93/ ol ol (65,91 & puiid

h . —1- d sin f+cosp ()
si cosp+[sin gcosyj ltanaj ]

1igd oo iy (YY)
d=D/Hsing (Y%)
I=L/Hsing (YY)

D9 se iy (VA) dasly & jg0 4 45 ol ayod el gl @

o =arcsin(cos ¢ cos J; Cosa; +singsin &) (YA)

5 Jol Cady (59, 00 0l (g5, Egemme jlds e S Sl ggi dbz’dg.‘)] Sy o odnl (6550 S lade

Iy =11+ Iy (v%)

Sl 536 a7 Jos

S e gl Sulggn cball i ey s [NV ]l €5lh clacyls ololyy Slgss agly] Jos

(TC) Jssle sbod 5l (ml5 5 39b e dusslono (V0] akasly 51148 33,5 oo o (Tp) (Silie 03] Aluasg 4 4]

mp =nrL=Bp (e —Ty)l (v)

il Jsile 033k (sl bod s By 5 (T=257C) g2y slod 3 Salidggd Joslo ojle 77 ol 3 o8

2lige s 4 (1Y) sl 51 5 395 0 bgayo Lo lalo (slod Laugio 4 Slgl Jgoyb dluwsg 4 Te

—  NOCT -20
Tc —Ta =(219+832K+ ) ——— \a
c 'a ( T) 800 (™)



Olp! (8555 @i [ IFAY 5L ¥ olowd YT 0490 YA

Ty 5B 5 NOCT (ypioman sitaan aslale 539 pasls (K 5 Joho lles ol (slos «NOCT 5

o )l slacs)slid (sl g Bgdien Dly )l Lawgs polie () Lo oo 485 o 1> Salged Jiu g9 4 den

[VA] st (Y Jodo 50 odd 03l ooy pdlie & jgu

3,1l (5 y9Ud g1y S Wi Sy olaseuins (¥ Joot

PV module type nr (%) NOCT (%) P(%/ %)p
Mono-Si 14 45 0.4
Poly-Si 14 45 0.4
a-Si 7 50 0.11
CdTe 9 46 0.24
CIS 9.5 47 0.46

3o (g Sl aygly clae (bl (o b ol ) Al cud aly dine o gl (358 A
(YY) &ygo 40 a5 Cp Mool o 55 1L (YY) dlaly csly B )b g bruls 395 dipe <l jl gl ol )51 .ol

93,5 0y 3o iy
—4 2 (*Y)
Cq =1-117x1077(S), - )

(555 (551 At Ay can> 53 0 5 W3l (Bly o gl B g At o augly Sl 0 S
] o Cawd 4 (YY) dlaly 5 Soldggd )] bawgs

Sl 35 el 03l 03,5 o e witas Hb ety (ol cdls (0 bl o Jdo oy ook aSuE 4 kate Jdo
LAl a5l g 03,8 a s anl)] aS canl Slise aSus (sl wyiwd 5D (6550 00,5 o sl al)l Wb olg b plp

il o o3l L5 (VF) alasly 55 oS 59 axlS 1 51 5,90
Egrid =Epiny (vf)

39 e b PV sla bl b 4 2y (o5 (S0 S 6550 et sl 5900 0338 1, o0 2 oS



" YFAY 5L ¥ olews 110,93/ ol ol (65,91 & puiid

e gl L5 (V) o], ;]
Egrid =Sty t7p (vo)

J_.lb‘9> (M\])Jg)‘_ia Cod> 35 ool Cawdy d)).J ..\..»LL;o M\]/mzh o> g t uLo) Jr é‘a.w » uAa.sL» Jf L)‘)"" It

..)53

Sud Al (6 ludasgs

Dygl bl Cawd 4 digeS Colun 3] Cavd 4y sl |y (silwdigy Alas ol iz

Oy Galess Saa c._nt'a

asyje 5l ods 031y (6550 (13y9] Cowd 4 sl ey Colue Bl uns (glps edlitnl )90 Bam 2 iSu opl p

Py 5l sl ko Og.‘ 5 .\4] (P Cwd &y (g oS s Jq Ll );I u».@)f)]a) 29 (_g‘;.cL.: 09.*:‘"\1}")5 51 eslawl b

Job (D) b S oy abools « (K) Lo i cans, slaws (H) [958 b)) cla yusio g 0 o3liiw] MATLAB 531

i odly i (V JSd 0 as (1) Soldged sl Jsbo 033k 4 (B) o s gl (W) o) L2y (L) o)

ln it (959] Cuwd d Sl 45 oais 03,9l (YF) abasly 1 dllie opl ) o3kl 5yg0 Ban b b Ainlgd aigo
il oo Colie 13,5 aeS glil 55y

Minimize LxW
192 098 & bg e

Subject to:
(K =1)xD + K xH cos g8 <W
ZDmin
< H max
<k e/N
0° < g <90°
5% <5y <14%
E >

D
H
2
0

\tg)

m

min
L < Lmax

W =W hax

alﬁw /L <a,




Olp! (8555 @i [ IFAY 5L ¥ olowd YT 0490 Y.

= e ansli B Syl e Jiy cind) s Ko s gy (S0 Ul sla iy alols D (1) a5
8l oo gt e (SoySIl oy 2s H g a2 quns (Sl

azgly g olel g plodr & Cusl pl @ bgye 28 (gl 398 ploxil (03988 4 bgpdie Cunli oo (ilwinge cnl 4
Ot Aol Jilis s 4 boyye D (55) 48 (egd N5l e (W) oorej sl J1 o8 550 Sl 5k by
& 55 (K) iy slass 4 bgsye 18 33,5 a8 ] (60055 j90l 4 bgyo a5 (g)lae 5 5l Lo &S Cenlacays,
wlo Sl Blo gl o8 29l 5l @ (ilodinge B9y g2 298V 5l e b L) 2las o Canl jglate ()
(B) La o cus gl & bgsye 48 . .5,5 anlgd Glsasl aige cindy dlaws lgie a1y causy 6 bs ool slacas,
2w s sl o) Comw & Jo slaJolw 0gd a0 Ar 5l i &S Jhse 10 o cad &S Gl jglaie cpl 4y
D92 bl d9290 (5la)giSIS 03l g ol 4 by je 30,3
snlgs 3l (258 5 Jsb L e S sl s bgrye 145 calyg )3 bl g0 35290 o) Sl & bgpye W

A8l 4ndly )8 82 981 oy (paSuie 0jl (9)3 (o) Jsb & (25 Cud (i 92

SA (53w dings i oS0

Gl gilwdiny Bluo J> 50 iso il 5 0ol (o)1 1,8 g iloding miyoS S o (g5ko dund 4 15 v 55N
sladlo » lailKan 5 35 5 Sl 08 sla)lS ford (gilodnnd 2255 L g 3V 8 ()I) oo () Lo
3y90 Clild (25 ()ab 3 pe i)l oS (pl 53 - 3505 Moy Py 0 SESS (e (5B9) Siludine
[0] 3900 1)) SgSno slalazilo > (ga0d )55 4250 diate (Db (sl Alio el 5o oot

e (sLa ol )l 4y b ye culeMbl bl ) lanl jo 48" Wil o Cygo () 4 (solpiuiig iy Calises o yo
5 GledMbl wr pLS 15 0,8 o Ojgo ol asuiie (YF) daly 10 a5 (gilwdigy paie o iShs o JBlis l5ee
o iy el 455l oo adg) llo L 5l (siloings iz sl (sl ool & Logpn (S sl il
8 led (ou i ialS Cops g add Fre L Sloj dsly jl sy o 0 s clls udgr sl cas pp Av e il



. YFAY 5L ¥ olews 110,93/ ol ol (65,91 & puiid

e g 4Bl jialS odd by cops b bod cdiap jlads Coww 4 (20 )5 CSpo 5 bod yi )0 )10 asiiie Sl

(SA) 1585 (s 300 5l i iz 19501 (0 JSL5

o S5 Al (S5 5 g 9 A8 0 900 2yl sz o 31l SA 1,8 ( 3ldingg e S U ol

5 eb Sl gt a1y o e2ysS sl (b Do 5l e plan Oz 51055 0 €8 > ailen slacls>
s g e 4 BXD(AEIT) Jaisl L1y g o 02,50 o (ol 5 3 05 o 5 ] ) 200
0 Cawled pbay el SO T g Conltsluad Clgs g (b Clos Cun o oy ols AE calaly oyl )5 5l oo
395 o0 0303 )8 YU L3 Lo cadgl clapls ;5 395 oo 031> yialS ol)l 4 Lod yusas g 3945 g0 Lyl 1S5 ppis clod
Jleinl UL clapls ;5 dios oyl Lials b sl zdls sevg 5k sl Lol el oyt Jloinl b

[o]



Olp! (8555 @i [ IFAY 5L ¥ olowd YT 0490 vy

dadllas o) 90 2l g b dings

L)l g OVY'E g YV/O'N (Ll i cumdgo b olies yaed (sl (V8 daly ) odd (8y20 oin ol cuannd (ol )
5 WMax=)-m b ply aici slol (g5lodins cpl )3 ja5 )90 (poj . [6] 39 o 001> plosl byd s 1 2o VOB
ylde bl o celw gl S ¥ 4l (Emin) 4YLow jLidyge (6551 JBlas es 45 5l Lmax=y-m
el asalgd Cowd 4 [V] g [Fl5) zgog (23ls g lan (clod .l o 48,5 Laj ) dmin =Im g Hy 5y =1M

oo 1y dlacs 55 oad oslatwl y5y901 5 Jgile lasuin (¥) Jgbo s +/¥ 5 ) cuiy & 5 81, 82 wionoed

A3
Sl 9 Jgjle Clasuie (¥ Jgs
el Curdy T

- 05k ol S Sallgd Jobo g5

- SUNTECH 05 3L

- poly-Si - STP240 - Jua

A V¥ Jobo o35

°c Yo NOCT
%/°C I Be
4 . goujl

- <ol b gy

2 8 Fogil o33l

slady 70F 03jLs (il 095 o0 oanliio &S jghailon w3 o U5 |y (gilwdinge 40l sl 2l ol (F) Jgi
P miaS cCyoid W] odeol Cwd @ Ju b gl pxio g due o550 lde da i gl oy ik 5 (0>

W3, Cbsl deyhe 5o it candy dla b I8 jglate 4 s, o Aol



" YFAY 5L ¥ olews 110,93/ ol ol (65,91 & puiid

Silwaings aoliyr (g1yal 51 Jols gl (€ Jou

B E .
D(m) | K H(m) | 7, (%) | L(m) | W(m) min Solar Flezld Area
(degrees) (MWh) (m%)
1 3 31.1 1 14 | 48 | 46 4 22

NN ul.w_: XY C.gb’og.l dl).g :_.:19; u;)_»wduu\)ls R TER R W g w@,;}iﬂ ‘_;{I)io.ﬁ sy (F)JSJB)J

Cawl 005

120

100

80

60

40

10 15 20 25 30 35 40

SA g 5551 31 o3l b Conbmo Bud &l (g5l diuge Wg (T UG

ad 95 SLadiy Gluly] 3 Coaeid Sacalisa Jalad g 43525

Aol g [ sy sy cud dgli Gl & b )55 o908 (29,5 (651 Commlus i o ]
ol 0B 030> (L5 (A) g (V) UK 93 50 O lacisdy o

e sy oL g (2955 (5l Olime 0 =) 9 B (il s 0950 0100 (V) US4 pglailenn
9 Slysans jgal plogl gl alold oyl S ons a8 S s d L =1M dlas ol 3 &S ool S5 p3Y a5 e




olpl 6551 @ pis [ VYAY 30l ¥ oyl YU 0y93 v

039] o V31 e Joolgh (s Lojlagas cle cpnad 41 3900 48,5 a5 13 Ygome (S S el by (6)leSS

ol 005

x 10

Output Energy (kWh/year)

50 20 40 60 80

Panel slope angle (deg)

J ol &1 (Gl 93 059 8 (29,5 (55551 ol (V JSCS
Sl a aagi b aib e ookl )90 (gildingg (29,3 Olon oS @B 1) jlade op e (6551 bl ol >
13 g ool LialS oy Sas dn ppteS a1y Ul e Alols &S sl ns cllio 1] (5l 005 428,55 45 alusls
2l il 1y (xS ela o sl o )]

oX 10° |
— - B=10
——B=20
8 — =301
--- B=50
—— B=60

[e2)

Output Energy (kWh/year)
\l

1 15 2 2.5 3
Distance between rows (m)

Jig oo alold ay gl 95 09 i (2955 (5591 Camlus (A JS5



" YFAY 5L ¥ olews 110,93/ ol ol (65,91 & puiid

5 )90 a4 (G5 oS0y (295 (855 e A ks el (gl @ & 298 00 ol (A) USG5 0
Gl glacad dugly 0 (SO S sla o oo dold (a3l 4 bl 30 13 5 0 odalive a5 jolailon S o

2l g (K) (S 501 slo iy iy 3o sels > 4 48 05 s it g0 &0 295 55 oo 3o

S S dauin

2 pasis (dpae (o Ly SeSans d5ly S (S8 (6550 el sl p5Y Colins 58 gy 0]

A ) g 4y el (LS ggeoe jl edlatl b aVle (6551 iz 9 SWggid (sla Ly Bo)b 5l o5 e
o et g ol 295 5 Gan @b (S pd Cunle 4 oy b el s 4 S00S5 (9, n iy Blite b 1 585
azge b el )3 25 SA (il dinge wysTl 3 ok Ser YL g il (S @l lbre YL
e SR (gl p3Y Colue darlpd ol )3 05 Elipl 423 Y digg cud gl L cd) ¥ 0jg0 4 lode
Anlyg AL pledlo SO (clp 11 el s 4 mupe 20 VY ol g0l g 68 5L b1 3,5 (a5 15 g0 Kolggss
@Bolils (39 gm0 4 295 b Al pY (alS Cpgo 4 el Cudy @pe o VAL 290 )3 (nlune (SgSue
o g L ey oo )l 4 e (60l (993 (9l L 6t oSt Bl )3 s () el Sl (oLdS (i U
5 ceas B asly S5 ke 4 b 23y (oSn Jilio sl o (su8 55 3yt sl el Jamr oy

g slss g5llel

&Cu

CA..M_H‘"QI)Q‘S)Q M pledle S sl (gdndyes Gy pimew (93LasBl )y g Sk "o N yd e .p 5 ool [V]

WA« B2 (dlell o S (e

GBpas il )8 ag ¢ lml e (sl 0 sl Igp (Blo oy« plis e e g ¢ sire SIP 5k (Y]
IYAY o - PV L £ doro ¢ lyes ¢ laidlo > g

S ookl L el (olaygisSlST L aSid 4 Juate Solggid 059y 1> Wi (silo dingy” «)Sod 9 p S .z p e [V]
AR 6 it Aol (ot S o 3 et &(PSO) 3 ploj) 5k e s

55l @y sloaSid ) BB (it €8l > (sl ol syt slay st gl o g mte p LS [Y]

MY (05 cri slmaSid wilyaiS Cpemdan ol Cliie (ol yed 5

ol gimiio A nly 2R sl @b/ g, 0l1E (gilodine (sbapis yoS! pas ) dazto 03l WL lad] ¢ dgrue i [B)]



olpl 6551 @ pis [ VYAY 30l ¥ oyl YU 0y93 s

[6] Available on http://eosweb.larc.nasa.gov/.

[7]1 Bany, J., and Appelbaum, J., 1987, ““The Effect of Shading on the Design of aField of Solar
Collectors,”” Sol. Cells, 20, pp. 201-228.

[8] Barra, O., Conti, M., Santamata, E., Scarmozzino, O., and Visentin, R., 1977, ‘‘Shadow Effect
in Large Solar Collectors in Large Scale Solar Power Plants,”” Sol. Energy, 19, pp. 759-762.

[9] Collares-Pereira, M. and A. Rabl, “the average distribution of solar radiation — correlations
between diffuse and hemispherical and between daily and hourly insulation values”, solar
energy, 22,page 155, 1979.

[10] Duffie J.A, and W.A, Beckman, "Solar engineering of thermal processes”, John Wiley &Sons,
Inc., New York, second edition, 1991.

[11]Evans, D.L., ‘simplified method for predicting photovoltaic array output’, solar energy 27,
pages 555-560, 1981.

[12] Kornelakis A., Y. Marinakis, “Contribution for optimal sizing of grid-connected PV-systems
using PSO”, Renewable Energy, Vol. 35, pp. 1333-1341, 2010.

[13] Gopinathan, K., 1991, ‘‘Optimization of the Angle of Solar Collectors for Maximum
Irradiation on Sloping Surfaces,”” Int. J. Sol. Energy, 10, pp. 51-61.

[14]Liu, R. Jordan, “ the interrelationship and characteristic distribution of direct, diffuse and total
solar radiation, solar energy, 4,page 1,1960.

[15] Mellit A., A. Kalogirou, * artificial intelligence techniques for photovoltaic applications: a
review’ progress in energy and combustion science 34 pages 574-632, 2008.

[16] Mellit A., A. Kalogirou, L. Hontoria, S. Shaari, * Artificial intelligence techniques for sizing
photovoltaic systems: A review’ Rrenewable and sustainable energy reviews 13 , pages 406—
419, 20009.

[17]Mnassri M., A. St. Leger, * Stand Alone photovoltaic solar power generation system: A case
study for a remote location in tunisia’ power and energy society general meeting, 2010 IEEE,
pages 1 - 4, 2010.

[18]Phyo Naing L., D. Srinivasan.” estimation of solar power generating capacity’ probabilistic
methods applied to power systems (PMAPS), 2010 IEEE 11th international conference on,
pages 95 - 100, 2010.

[19] pvsyst user guide available at http://www.pvsyst.com/.
[20] RETScreen user guide available at http://www.retscreen.com/.

[21]Shi Y. and R.C. Eberhart, ’Empirical study of particle swarm optimization’, in proceedings of
the IEEE congress on evolutionary computation (CEC), pages 1945-1950, 1999.

[22] Weinstock, D., and Appelbaum, J., 2004, “Optimal Solar Field Design of Stationary
Collectors,” ASME J. Sol. Energy Eng., 126, pp. 898-905.



