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Résumé 
Aujourd'hui, le monde entier a pris conscience de l'importance des énergies 

renouvelables qui sont devenues une priorité pour l'avenir. 

Notre thème, intitulé "Etude et dimensionnement d'installation photovoltaïque 

reliée au réseau", concerne la conception d'une installation photovoltaïque pour une 

école qui permet de s'adapter aux différents besoins énergétiques pour assurer 

l'alimentation électrique. 

Notre travail nous a donc amenés à déterminer la taille de l'installation des 

panneaux photovoltaïques et à choisir leurs différents composants. 

Mots clés : énergie renouvelable, énergie photovoltaïque, système photovoltaïque 

Abstract 
Today the whole world has realized the importance of renewable energies that have 

become a priority for the future. 

Our topic, entitled "Study and scale of photovoltaic installation independent of the 

grid", is about designing a photovoltaic installation for a school that makes it possible 

to adapt to different energy needs to ensure electricity feeding. 

So, our work led us to determine the size of the installation of photovoltaic cells 

and choose their different components. 

The key words: renewable energy, photovoltaic energy, photovoltaic system. 
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4-.J:i~ wl_;.-..'.ill :;~\ e:--JlyJI ~ wLlü.JI J=:-,~ LLI t_J,ill \~ o- wl.a~I ~3 

oi.....A u.,_<:i ui '-:-l----?--:! ~Ll ,ls 1n°b ~ :l. ::l\.~. :;3~ :;~L...c ~lyJI o~ Ji.a <.....i.....o:i ~ 

.bL...:>..:i ui3 ,~)\ , s I alyJ\3 ~~13 ~~)\3 cL::Jl yb 4.........a31.ia wl~ wl.a~I 

4 ~ ~1 ~L ~ 1 ~1 .,_..JI 01---J I i_-sJ , JS.Wl 3 wu\ ~13 .J~\ w~ ~ ~"' al 2 

oi.....A3 ,µtl.U ~~ ~ L;:)W\ oi.....A u.l......Jt..a3 :i bp JI ç.~~\ o~ r-3la:i ui Y-?-:! 4)WI 
< . . < 1 1\ •• :. .. C:I\ 1 "\I. 'I -: H' • •• :. \ •• -: 1 •:. 0.l......Jt..a' 9 10) _J--A3 U3 ll Il) 0----a .\1 11)011) 3~ y.-,i\..'.>.J ~I.e~~ ~ ~ <1..1::1.!U 

:::: :::: 

y ~ L...<..:>.li 4........b..,:; A........:il ~ ..::..,\j .-:q .. c:-: ~ ~u< 4..'.i..16. . ~ .')\j\j ~ ·b .. C:. ~ '-? .J--:! r- , . . Y .J 3 ~, u..,... ~ 3 .J u~ 3 

Ub . ___j A........:il ~ wL..i .-:q · · c:-: L.....a..l.i.i , 'li ·. c: , •••• 1 · · 1- ..: · '-- l.a.ili:. :lJ 1 • :Li 11 ~ .) 3~, u..,.......... ••• '-.r . ..ft;""" ~ ~ ~ ~ ~ •• ..?.- I.S, 

. 'li · · c:I\ , · - 1\ 1 · · 1- ..: · L l.a.ili:. wLl .-:c: 1)U · li ü.l:>..l ~ :;~ :l.hi:i J ·W\ '-.r .~ ~ ~ ~ 3~, U .. ..?.- •• 3 . . Y .) 

J)3 :i 011,., wL.,4b :i :i..lt.:i ~ 4-.....+iy 03_;-..:;s.JJ 17 ~ '-?ji..:û (.j.J.J4ll u~I ;;.J~ 

~\ ~ ~ ~},;,JI ~\ ui3 ,L-W uJ lilloo J----5.~I ~J y.)~\ ~3 ~ 

1 •••• 1,.,. 1 t .. 1 •• 1 • .-:C:I\ :. 11 ( 1 1\ •• • •••• ..1 •. -:C:I\ 7 1 •• -:,1.. • ·'\ & 19) (_)---AL.l.J Wl.........l 3~, ~ ' , :> ! \..: U3 l l Il) 0 _)~ r' .J---9-l ,wu 3~, ~ <\..l.l.J.A.A ~ 
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u3<)J .. ,1\ ;;.J~ e:-----a wLJ3ji<JJ ~.J~ ~Ji----.Z ~~ ~3) wu3ji<JJ 3 ufi:i _;ll3 (:;~~\ 

uL: ._}L.......::JI (?.J_,.__.µ1 03<)J .. ,11 W, 0 ·03:: '?Ll\3 <.....i....:i3 1~3 ,4,.l.a y_.>sll: ~ _;li 

ç.L:p, 0J· , ;., ~y 4-....J~, s , 03:: \Ll3 :;.J34ll Y::<Jill _} ~~ < wu3ji<J)II ~ 

03<) J • n11 ~ _; 1. 2 :; _)~1 ~ _; . 4.......5. yJI ~ ~ 13 03_;-..:i<J)l l 3 ~ _?., 3 r-~ 1 fa 
._}l...::JI (?.J3411 

c;~l~I 
~l...:lll 

'?J---.li ~ .J , aie (Boron u3.JHI) u3.JH\ wl.J~ JL...=-.~J ~~y.li~\ ~jil 

l.....:i..il . ___j L....i.::.. J .::. -1\ . ___j 1~~ :i.aL..c di.al ·· 1\ b :q .. ll....o . ~ ~ ,(B) ê: , ~3 ... y~ ~ 3 .. ~ 3 ê: . Y Ir' ~ r' .. 

h::i_;--..:i ._}L.......::JI u3<)J ,nl\ Y-f.ji ~ ~j!l<:i wLl3ji<JJ 1 ~ _;ll3 .w')L...::iy.l\ o~i 
u----.a Jb ... --: :\;.,, ,tl\ ~4.J (hole) t,I~) ~ ~3 u3<)J ,nll wl.J~ ~ ..::.il.Jill o~ 

u3.JH1 ~1~ e:-----a u3<)J .n11 ~31 J2~(P) t_J--lll 0.a 3\. ~fo.J1 e:-:1)1 u3Ji<J)'I 

'?J---.li ~ .J , aie (Phosphorous) J~~I wl.J~ JL...=-.~J ~ 4-;JWI ~\ ~jil ')L...::iy 

~3 (::!)~\ ~~ ~ r'''î "'J J~i :;~ _} ~3:! ,15 (S_)i\\ o~~, (P)oj.a_J 

Y-f.ji ~ ~j!l<:i wLJ3ji<JJ5 ,_,\ ll.û ~\ w~y.ll o~i e:l.....:i..iJ _}3 '4u~~I 

,:;;.,, ,tl\ ~ 03_;-..:i<JJ ~3 u3<)J .n11 ..::..il.J~ ~ ..::.il.Jill o~ h::iJi3 ,_}l...::JI u~I 

,i ,al ~3 (n). t_J--lll 0----.a 31 ~ ~Y .J~~\ ~\~ ~ u~I :;~La ~ 

ê:~\ ~ J , a:> i 14 ,(P)t_,___lll u----.a ~3 (n) t_J-ill ().a~ ~3-2 ~\ l;)l.;,J\ 
< 

~\ wLJ~ 2.2 :;.J~I ~ji . L......a :iJ ,q.,,tJI ~ ~L.....JI e:y...J13 '-:-.l.?-y.ll 

.~\ 
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~14.fii.}I c::Dp.., :9 •_)~ 

4...i -' -1\ wli .. -~I\ 4..!lb " .... :; ·- 1\ wli .-:<:l'J\ · \j · · :.:11 t~)U ~\ · .. ~ ~ _JJ _,... ~ ~ _J~ < u, ~ < •• (._},Q _?-J 

• •• -~I\) • •• • ~ • 4.iliJ\ - t... ...• .lli...::i:i · · · Z.:I\ • ~\ 4..!\.hl\ · Î Î , · · Z.:I\ ~)U UY _,... UY Y r..r .. c._--: r' ~ UA · U '-? ~ t , 
4..!lb ..::.i.ïl5. l~J 3 (4..l:iS..113 ~ 4J ~ 3 ~lli..a _J~ t ~J3 ç. ~ ;; .)~ _} 4..!lb o- ;; ).p 

.,~ ·.li Llt.5. 1 .li La..a ~\ ~\ · wli .-:<:1')1 · · .. 1_ ~ 1. :\j Ut.5. · .. -~I\ ~ •• ~ 3:! •• •• r..r 3~, ~ ~ ~, .. (j_JJ_,... 

J)G.. o- ç.y.al\ 1~ _)A:! ~1 ~ ~1 ç.~ .b~ ~ ui '-?i , J.o.:JI _;13j _} ..::..ili3jiSJ)II 

1- 4.J _-:_ -1\ • .CL 1\ 4-i.i.b . ~ ~ 1 ~\ 4.ii.hl\ ~\ · 4J..a .. 4.iliJ\ - t... ... ~ .. ~ _J (j~ • ~ _J .. (.s'_J . 3: ç...?. ~ 3 .. c- 
WI :_ 1\ 4-...::i~li ,Q,~ 4.ili..11 o~ 1- -hlWI - ·-1\ W~ LaÎ(N) t .:q Î 0L, -~I\ (._},Q ç. ~ • r' j""';, •• ~ ç. _,....... ••• _,.... '-? .)~ _,... 

..::..ili 3jiSJJ ufo ~1 .,~ J)G.. (P) t_J-ill '-?i u3.J~I ~ 4.-::~1 u~I ~ '-?i dli: 

-hlWI ç. y.al\ 4J\:is. :;j½!Y. , ~\ wl _;bÎ _} ~\ J....::i yJI J)G.. 0l;y.JI ~ 4-5. y.JI :; .? 

J..l.l.,Q .. ~ (DC). .. .. , \.ii ~ ll:iJli , wli .-:<:l'J\ 4-5. jb ... 4.ili..11 1_ .. Y 3 ~ '-F-...ftr'" .) •• •• '-ff" • 3 3~, .? Y .. ~ 

. .b ,Q,,, • 4-:ÛliJ\ wl.i .-:(I')\ 4-5. • :;J.ki...J'J\ .. ~\ 4.iliJ\ . ~ ·'- · .. ( ~ ç.~ ~ UA . 3~, .? UA r.l:! •• •• '-§""...F (.)¾: '-F-...ftr'" 

.4.-:fil~ _!J~\ ~\ ~\ ~ ;;_fa 3.2 :;.)y.a.li ~y-~I ~ ~\ 
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._.,!, J'l\,- } ~I ,,_;p ij\l, •yj 
.,iw, ...,J.11 .,; ..P- ......,,, ~~)' 

.,;,')l.,_,l.l ol,.!,~ 

ol,-!,1,:;'...,J.> 
t_,J1 ,:;' ..:.,')l..p_,l.1 

N 

ol,-!,I ,:;' ...,J.> 
t_,J1 ,:;' ..:.,')l..p_,l.1 

p 

.Jj,~.r-'N~ 
;,,_....!Ji ~I 

~ · · c t\ \..ùWI ç. \ ·l . 5 .. .J~ .. ~.JJ 

~~\ 1.µWI .5.1 

(sells silicon Monocrystalline).J~I ~-l6.l ~~\ 1.µWI .5.1.1 

15 ,y.JL..li :;ç.L...ss. wl~ JI_,_,}]\ ~ :;_)~\ ~.J34ll 4-;:jb~\ ~~\ 4)WI ~ 

3~1 c_,_..lll ~ wL.....JI :iJ .. ,.,.tJI Ut.hl\ 0----.a 4jW1 ~1 4,J~ :;ç.USJ\ wyû3 % 

4.........ili..\ 1 · · al .:,-; -:1\ 4..........i.lWI:; us.JI:;· · · )li . li··' 1\ 1.1. •• •• -:1\ ~ •• ~ u~..........a,,.. ~ •• ç. ....):!A UA ~ .3 ç. .~ r.s, ~_,=:,,-i r.l:! ~ •• 

'?jU u~ u----.a :i ·; , a <I 4 _pJ ~ 1 ~ y 1.AI ~ u w :; .J34ll 4-;:jbi ~ 3pl 

.:;~ JL..AC, ~J ê:~3 ~L...5.:i..l\ yb ~Ji • all\ ~_;b ~ :;31.ii.l\ _)b 3 ;;_)34l\ 
.4-;:jbi ~3 ~ 4lG.. o- t~I ~ 3~ 6.) Ll:h1:! 4.2 :;.Jy.-::JI 
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~ ~-J---: 0_,_..5.:i L;:)WI o~3 ,:;3w ~i 0~ UA l;)WI ~ ~ 4lb ~3 

~j ~3 µÎ :;ç.L...sS wl~ ~ 4.......ilS..II ~ ~ w4kc r-1~'-: ~) ~ ~3 

.~i 

(cells silicon Polycrystalline)~I.J~I o-l~I ~~\ \µWI .5.1.2 

0---.a ~J; ,a, ~1 ~i3 ~) --::..i1_)_,.__.µ1 :;~~1 ~ 3pl l;)WI ufi UA r6)'-: 

u_,_.5. ~~3 ,;;ç.L.sS µi 41 ~J y}-11 :;~L...J.1 ~~1 :;31.ii.ll ~ :;.J.J411 ½~b~1 4)W1 

ui ~ '-# "'"'tJI t~)'I wLJji_J! µ u---.a :;Lly.li yp\3 ~3jiSJ)II ~\ --::..i')l..ab 

0~ ;;ç.L.sS uÎ ~3 W3 ,ûl_)_,.__.µ1 ~~\ u~I ~b w~I (J¾: ~3.l:JI ~ ~ 

~~ .,,:i.........i. ,, ..,..,1\:; ... , wl ,,,..,1\ 1 • .à u· .,-: 4-.fu ·'-- :;~WI ~ ~ .ili:. :~ li)W\ 
\ .,,.J \ •. ...,J---;::-- ~ ~ ~ "'-.... ,._,--- . 

t~~ cLa.........Jl ~~3 ,~~1 ~J ~~1 UA l;)WI -4-ji ~ ç.-4: y1~1 0~1 ~fa. 
~ 

yG.. u---.a t3; • 0<1 'J ,q4,t L.....,.) lB--+.! 5.2 :;.J~I .w4#-=JI J)G.. ~ Jili:ll'-: ~\ 

. wl .J.J4ll :;~~ ~ 3 ~ 

(sells silicon Amorphous)~~ ..):!âll ~_#JI 1.µWl.5.1.3 

4..J~b ~\ 4...1.i _( .L 1\ li)W\ . .. .. · L · . \ 4-.fu · L ~ · · (1\ li)W\ . .. •.( · .. ..~ .. ~ (j._F UA (..)-0-'-_) .. ~ .. 3..ft->"' •• ~ ~ 

--::il ~ · .,-: ..::..u..,, (Si-A) 4-Jj\ - >_ 1\ 4...1.i -' .1. 1\ li)Wli .. li)W\ o~ ,wl .1.11 ü~,û..JI .) (.)__,... .. .. _.,.....,.... .. ~ .. . ~ .. 3 .)Y":-' 3 

~ ')l..ats lb l+i) ;; _)~ JS .b+i Ji _;1 ~1 0~1 ~ . '? .J.J411 t .J-ill UA '-:-l:fi Ji ~i ~ 0~1 

.ili:. 91......:::iJ wu3jiSJJ u.o~I ~Jbl,1)13 ,_).îi.o..11 .bl,:)l,: ~ La ~fa WJ ,:;.J3~1 wl.Jill 
~ 

·½.J~ Y.P ~3 ~ l;)G.. UA t~ ~ b) ~ 6.2 :;.Jy.all .ç.')lbl\ ~ ç.\.?.J 
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~~b~I ~.J34ll ~3<)J .. ,1\ L;:)W'-: 4 U.ia 4ç.\.i< ~ L;:)WI oi.....A w~ UA3 
~L-:411 r1L..,JI w_;-.b u----.a '-?~ ~ J3 , a,I\ ~ ;;ç.L..i< ~\3 ,wl.J34ll :;~~13 

. (%1 l)J3~ JI 2010 ~(kaneka)~l< 

~Jb~I ~~\ 1..µlâll .5.1.4 

~.L...Jt:i.a u~ r-1 ,.;,-; ·n'-: ~.J34ll ~~b~I u~I UA~~ ë":ti..iJ ~_>hl\ o~ _} ~ 

. y\~ '-?~bi u~ UA ) ½.J34ll 

~~ :iJ "'"'t 3~1 L;:)WI c'J; • 01 _} r-l~)U 4-..a_j)W\ :;~)1 :;~w1 0~1 ~ 

..::il 0!!b1 ~ r-1 ,.;,-; .. ,)U \~ 4-......a_j')l..a ~3 ·-':!~) r'~\.i.ll< 4-,al~I ~ '-5..?-i ~lya 

u--~·a:u ,:;~ ;;ç.~ ~ L....a.< .ç.~ _)b u.ol..o:i.al J.ak...a wl~ 4-J_p.l ~\ 4)WI 

L..i)Wl< 1 • ~bi . ___j , '"""'~L...îi . .L....l L.a L...c . 4-....Jb :; 1 4........:,,. ~ w . I.:. W.:>..J ~ • i •• ~ ~ i...;-- U3 . _J,l •• _) ~ • _) 3..F (j 

.~\ 0~ • ·w -:1\ 1::1 .:q oWi . 4.Jj .C'..L 1\ UA ~ ~ (_),:) _,.... . ~3 .. ~ 

~~.l r -'='.l.i' ~fil' ~ . 5. 3 
~ w.a,.;.-; ,ni w3 (CIS)-':!~13 r"3:!..).___j~\3 lY'L....,,JJ\ UA ~y ~\_J-il\ o~i UA ~\ya 

. (% 12) 1\ • 1 . -: li< w1.o LlG.. . .. I.S, ',?...}P>-A ~ç. 3 .. ~ 

r"_J;!A~L...<JI u----.a w..!Ll :\J "'"'t 3~1 L;:)WI r-1~~ ~u.a ~lyll o~i UA ~\y ~ 

(c........a A • 01'_) o A b1 11)) ~ ;,,h:>î ,qLJ ~ lÏ I Oî 4.J.il<.a\ LJ)W\ 0~ (u.ib.a ('-" o . .)J\ .. l-:1\ a ,._,--------- ••. J ••. •. ••. \ •. ••. ••. ,:. ••. ,._,------ ,._,----J ••. ~-..1 

36 



.l.......lc :;ç.L...sS..I\ ~ ~LJ:i 03.L....: (10%) ~J 4)WI 0~ ;;ç.\..sS wl.....::i3 ~3 ._;'-:pl ç.)lhl\ 

.\~ 4-.aL :;J..a t3:!Aj1SJ\ uÎ ~3~ o- u5.J ·r-L~~:i....i~I 

( DC) _)-<'î Il) <1 _J---:fi ~ 4 J Il) ()lt 3 ~\ ~\ u---d~ jWI ~'-:pl 4Jlbl\ ufi:i 

.Jl.....;ll .J---A ~LJ\3 ,wl........JI :iJ ,no,tJ\ ~~\ _,___A J3~1 :~b ~ .J~I \~ :;~ ~3 

w_)--JÛ3 l......:i)WI oi.....A j3j_;-.....a ~ ~ 3pl c~I j3jy ~3 .J.o,.:Jl y~\~\ 

o).L.la ~ ë":l......:i..i1-: r' _,__li :iJ ,no,t 4.---:ulh: ~~(100 cm 2) :6.WI wl~ ~\ ~\ 

Ub ~ (3/5 A)ü:!----: La o).L.la ~ ~\ t~)II :;~ ~ ~~ .J½fi3 (0.5 v) 
·"5y.asll ~\ t ~~\ :;~ 

voc: ~ jiiûl 5)..vl .J.P. 
I!lc: .;.al.ùl 5 )..vl )~ 

Iac-t------------------- 

1 
voa 

~.)---A:!~ l.a.l.......lc 4J •l)()•t 3~\ ~\~'?il\ .hl_J-9.ll ~ :6._;Lll ;;)~\ ~ ~_) 

t~)'I u---,.a 4J ,no,t 3~\ ~\ a Jb•.:i '?Lli ~o½c~I .hl_,-sl\ ~3 '.J½fi '?\ ;;)~\ 

~}~ ;;)j ~J :iJ ,no,t 3~1 ~\ ~ .JWI .J~I ~ ~\ ;;)~\ .J½fi Lai ~Î 

u----.a oyji :iJ ,no,t 3~1 ~\ c'Jbl .. ,-; '?Lli ~~\ .J~I ~3 4...a31.ia) ~ u3.l: 

.(~1 .J½fi) ~\ t~)II 

Maximum Power Point~\ 'ô~I ~ .7.1 

~ ~\fo (r-')l__l;i)I\ ~Go.) :l.p~I '?Î u3j u---,.a :iJ ,no,tJ\ ~ :;~\ ~WI 

: 11..:i..l\ ~\ . ~ · .~ LaS '\..ti..11 l.a....a.1.1:; :. - -'I 4..J.....::iWI "? ~(...)#AJ"" '-.r r' ~ .. 
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,_ 
·, ,, '-, .. 

~ photo 1 ' - ·-1\ L...ûll b ... ....L..i 4.J............WI oi.....A · ..... ~\ W~I .b ,Q,,, ~ ~ '-F~ .) .. .) . .. (....r"..)-1..l •• ~ _J 

:\1 •• ,.,.tJ\ ~ ~WI oi.....A ~~\ ~--:U {;ç.L......:::i~I ~Go.) .J½flll .J-3_;.J c}WI 04-,:i~I 

-· .1~liJ\ 4...........i.. .. c:11 ~- --1\ ..:il L...ûll · LJ.jlw )1 1-·I\:; ••• 1 - 4-..a lia 1· - •• r::---- . ..._ft->-1 ~ _J .) •• U:!----: •• ••• ~ 3 ~ ...);:'LIA (._),A,.::. _J ~ _J-l: 

:l........bii.11 ~: point power Maximum ('-5~1 :;.J.l.......Sll :i.........bii) ~3. J~~I ~ 

:; .l.......Sl\ :l.........bii . 1 i ' •. ('. .. L....a . .C:\ ~ .. q ~\ . :;.li .-: -1\ :; ..ill\ ~~ .. c:-: -:1\ .) U, '-? ~ ~ .. 3.ft->"' •• UA Y"'"" .) U_,.... '-?""' 

~ ~\ 16 b b.;,<I ~ ~\ .h.....:>.3 .Jl.....;ll b ~ 4....aill 4..bs3 ~ (MPP (~1 

. ~\ _} \...S. bb.;, JI \~ ~ ~~ __;+5.Î 

· · _;:I\ :l........bii.11 lmp , L...i:ill · · _;:I\ :l........bii.11 · w · · ·-11 1 -6....i (MPP)~ '-5 _,...........,. 3 .) •• '-5 _,...........,. U:!----: • ~ (..),,1-.:::J • • _J 

.Vmp~ 

Pmp - max = Vmp x Imp (2.1) 

'\T,)r. J..:s._~I ~_,lxl .1p , Vmp·&.~I ~UJI .i..ki .ip. 

Ise: l;\~ .\1 ~.Jl.111 .. h\ . Imp~.,. -iJI l.1 L'I !I. ',..;., _) )' 

J:oi. 1 - 

.'.i:..,11 
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(circuit-short )Sc l~I oyb .;~ .7.2 

,~ \~ ~\ ~' , a,I\ ~1 ~ (circuit-short )Sc 1 ~\ :;_;--jb _J---:fi 

W~I ~ wbL _;li~\ :;_;b wl~ ~\ ~\ _} .J½fill \~ 0~3 

Voc (circuit --open~jii.JI oybll ~ .7.3 

;;.J~\3 ,(~_;Lli :;_;--jb) .JL--:fi '?i i......;.,.3:1 ~ l~J ..::..i~)ti.J\ ~ ~\ '-...i...o3 ~ 

, opt Py_>bll ~\ u----a ~i.......;,.i ~ ~\ ,(~1) ~jly..l ~\ 4-;:_);..ill ¼Pl 

. Voc:k.._;Lll :;_;b..11 ~3 Sc 1 ~\ :;_;b .J½fi yfa J,...::ib ~ 

'?~~ :iJ "'"'t 3~1 L..#,...11 ;;)~ ½.J~3 .hlL.....JI ~\ t~)'I :;~ _} _)#i u\ 

:; ~\ 4.........bii · .. .b.........;,. · 17 ~\ (MPP) J.i,J\ :; ~\ 4.........bii ~ ·.. 11 _) ..)---;:1..l U:!---+.! 3 -.s- _) "-- _JA ..)#1...l (.S', 

~ mjW 1000 2 t ~J :;~ u----a ~mjW2002 t ~\ :;~ u----a ç. 1.îi.:1 ~\ 

: bb.;, JI 

6 
1) 

\ 
\ 

2------------~I----\-----. 

~ E Lw} 1 n:, '"''n-"'.l 
E 

0 0 
1 

5 

___/F 
10 15C G 

(V)~I 

\ 

\ 
l 

20 

r11°1 111<1 .b.........;,. ~ 18 b b.;, <I ~ .bl_,__J3 (DC) ~\ _;l:pl ~\ .J½fi ufa 
<1 , o) .. \~LJ . .bl - ~Il :l........:i.i\.:i ~ L...ûl\ -..J:i 4...J ~\ 4-J.j\..i .. C'.I\ 4Jlhl\ :;~\..i • ~ 1'\..a ;,,+ r , __,............ . . . _) .. "- .);! •• 3 .. .~ .. .) (.),.l 

.J:-' ·llJ·ll ~1 01---J ~ (.bl_,__J 12) y..l.b:i:i ~13 (.hl~ 24) ~_;1 ~ 3pl ~ya..11 

.b.........;,. U:!--+.! ~\ Ut.hl\ ~ t ~ ~~ u~ , ~Jtill:3 ( .bl ~ 12) ~la:i _;li 4Jlhll 

·~ ~ ~ r1 '?~\ ;;_).lll\ hl3 _;l:pl ~\ 
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,_.!-V~~ 

~1 Ji.11 
"- - . ~, "--~~""'-""':---+-- 

1- 

".J3.l.......: ~ '?Lli :iJ .. ,.,.t 3~1 Ut.hl\ .JL:fi '-5~ _} ~ , ..... f)~\ ~llil ~ 

. .. : ILJ\...i ' - .1\ b .... .....a ,_ \~ - -: - 1\ .wWI .. >.I\ t~'J\ .. . ~ .. .:.-:q ~ ~ "? .3 r' _J--,;:-' _) ~ ...r _,............. ~ < '-5~ ~ ~ . 

4...........bii ~ y ~ w~I oi.....A wJ . b b.;, JI ~ ~ ~ ~\ 4Jlhll :l..bii ~ y 

J_,_....b ~ .bl.......ii :;.L.c j~3 ~J ~\ ~ ~ .blii.11 0~ (?3l.....i:J f'~3 ~\ 4Jlhll 

:~\ _} ~ .hha ~ ~\ _;'--:pl ~ JjWI ~\ .h.;J\ 

15 

·,~ 
~l~I 

~I 

~1 .b.........;,. :;13~ '-# •• ,.,.t 3~1 r-\..lii.11 ~ ç.\.fi\ .)\+lc-'11 ~ i;.,.3:1 01 ~ ~il 
yb :;ç.~ ~ r'l.......1:i..i r¼" 1 oll ~o.6..11 :;_).L..S)\ .bw ~ (12.2) .hha ~ _;'--:pl 

·r-b ~ 
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:~ _,__,.sll ~ J,i~I o~~ .7.4 

1\ ~ WI 4-.....Jjli .. C:I\:; .l.......il\ · 4..l..........ù\ PVn ' · 1..:i.l -~11 1 __ -:I\ :;YU5. w .. ~ ••• .) •• .~ .) U:!----: • • 1 '-.r ~ _,... (.);!~ _?-J 

~ w3->--1:i ~ ~~\ ;;YL...sS j~\ ~:U· ~\ ~\ ~ 4.c,~I ~ _;li :;.J.illl 

~.)~ 

~ 25 ;;)~ ½.Jj3 ,~L...a~I ~\ ~ ~j~m/w 2 1000 LAI.J~ 4-p~I 

1" ~ 4.........l:iS.) · - 11 w')l__ij\ J~ 8.41 tU:i 1 4.J 1 · :; WI 4..ic~)U lli ~.L · .. y Y-- • '-?~ .J •• 3 Y. .J •• , 3 ~ C;UY 3 

\i_J, t---4.U• '-;_;--l;J ~\ ~ 4 ~~ ..::_J~\ J.:~\ :;Y\.i5. (Jij '~½!~ Y~~3 (5.1 
: 4.J ..::.i~ o')\:; 4.13 0~1 :;.J34l 4::_;:; 4-.jW\ _} 28 '-?Pl ~~1 .l:JI 

u_J----'.i ~1 (_),,Q, • 01 <I 1 ~ 1 i...A . ~4-a ..J--:P ~ Y ~ 4.j~ w 3y..,a 0~1 •!• 
. LJ ' ~l__j ~ lu..........J 0~ li.Ji . 1 ~ ( CZ.:I\ ·\ i";~ ~1) . .. -~1\ .. 1.:. 1- ~ (.) .) . ... .. (.) .. 3 ~ .) ....,.. (j_JJ_,... .)~ ~ •• 

• ~, ,_;..Q,i,,. ~~\ 1 - ••• ,_,-- (_),,Q ~ 

~ ~ µ~\ Ulhll ..::il~ wL.Jji~I Vel.l: LA1).L.ia u~ :;~\ .b:i~ 4Jlb •!• 
1\ Ulhl\ · · 'LJ 1 · •• " Q-; 1-~I 4Jlhll wl~ wu .. -~11 Lo.i.i.i ,lJ)lb\ 1- · -~\ ~ (.)----Q (..)-0-l (.)---;!~ r' ~ ~ _JJ _,... ••• ~ 

9L......:::i~I ..L..Ü.11 w~3 ,:; )o.JI oi...A ,;;)~ ~ ~ '-?\ ,~ wljlfolS wLlji~ 

-:1\ • :i 1 111<>1tJ\ 4.......ili.ll (:i 19 1 bl\ 4.J~ ~ 1) .i (:i 19 1 bl\ 6b.:JI) w , ~ La w ....:i , ~Î ~J ••. ••. ••.••. •. .• J ••.••. ••. •. ~-----... .J- ••. 

)E (A:) (4-p~~I) .hlL....JI t~~\ :;~ ~ 4.-a~ J(À)phot uji~I ~~ wyû 

. G(A:) 
~\ J~ ~ ~ Voc (~_;Lli :;_jl.l..JI ~)~~\~'--:pl ~\ •!• 
~pl ~~1 ;;yL...sS. u3<lJ .n11 7 .o 4_;:; LA1).L.ia ë:4.:3 n-p Jls:i.i~I 4-b\3": ~1 
. •::I\ 1 > •• < •. •-1\ . •::I\ •• 1 1 • • ••••••• ,... ••• •• LJI -:•:•: 1\ • • • •••• • 
.l.......!l.!I. (.)---lA , ~ _,............ .l.......!l.!I. w ~ : - (.j<' , o 1 1 .\ 9 1.., <1 .l.......S! w .. \.: ~ ~ ~ o ~ 

:i • al., JI . ..:.11 4..ic ~~ li ..L..Ü.11 ,:l........i.al.a ~ 1 ..::.i~')ti.J\ · · L....,..:;\.il\ 11, ••• ,\ l.5.,ù~ li ~ •• < • 3 .. ~ (.) . ~ 3 (.)JJ • 

. ~ (:;~\.3.11) 

~\ ... 8 .. ~ 
JI~\~ L;:)W\ u----a ~ j~ ~ji ~ \~, 9J•..::i ~\ .J½fi3 ~\ uÎ ~ 

J ,nl11,ll\ ~ L;:)W\ ~ji ~ 'Ll:!---AJ)UI .JL:fll\3 ~ ~ Jy.a.:Jl '-?jljlll ~3 

,;;~\)\ ~\ .JL:fi u~ .JL:flll u---<J3 L;:)W\ 0~ ~ t~ ~ J..,.:ibJI ~\ ufa 
t~ .JL:fll\3 ;;~\)\ ~\ ~ ½13~ ~\ (J~ (.jJl_;lL: l;)W\ J..,.:iji ~3 

=tfll ~ 4-L..::iy.ll l;)W\ wl.J½fi 
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Modules in Series~I ~ ~ _,__,.sll ~\_,NI~ .8.1 

~ n I.Al~.L..c 4........l:iw.JI :iJ .. ,.,.t 3~1 cl_,_J~I o- ~ ~ .hu ~ ~t:i.o..11 4..l\..:JI _} 

=~13 e-~ .hlfa. '-u.~ c1J~1 ~~ '-?3~ ~_;Lli :;J.l!I ~ J.) uij ~1 

Vsg =V= n x Vocll = n x Vocl2 = n x Vocl3 = -- 
= n x Vocln ... (I = 0) (2.2) 

=uij _;t.r~ ~ ~3-?-3 ~ '-?i (1 >0) .J'-:fill ufa La~ Lai 

V sg = L Vn = Vl + V2 + V3 + _ + Vn (/ > 0) (2.3) 

6 

4 

?-- 
~ l ~ ... 

:> ~· 
!i 

0 

\ \ \ \ J 
~- ~ 1 

~ ~ '5' ·- ..• - .. _, ~ "1 ~- • ,., 

~-\ f,-\l~ 11 
50 100 150 200 

,V ,.ip,J, 

=t.;i:ill ~ ~J •• ,..~J\ ~\_,}YI ~ .8.2 

~LJI .hl.,_..sJI uU t..>--1lll ~ 4........l:iw.JI :iJ .. ,.,.tJI cl_,_J~t\ 0----.a(n) ~~ .hu Jb _} 

cJ JQ :l......::iW1 ..::..il.J'-:fill t~ '-?3~ ~\..3..11 .J'-:fil13 ~13 cJ .hl.J-9,ll '-?3~ 

(nl------) 

lsg = L In = 11 + 12 + 13 + - - - + 13 (2.4) 

Vsg = Vl = V2 = V3 = - - - - -= V3 (2.5) 
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30 
& ~odul•• in parallel radiation IOOOw/•~2 

:j, .., 
,..... .,01 " 1 

<( - ""'" 3 modules in perallel 

S modules in parallel 

4 modules in parallel 

2 modules in parallel 

1 module 

0 5 10 15 

~i ~1 ~fa~ ,:u.a~ ½fa~ ~1 c1J~1 J..dl 1~ -} 4-...J\_)j ~ 

· 4-.....J.j\..i .. C'.I\ Ulhl\ .L...J •• 4-.....fu .L 1\ ~L......:::i'Jli 1.-:\_j .C'. · ~ ~\ li)W\ tl ·i ~ ... ~ .. Y .. ...F ~, , . ~ ..J--' 3 .. .. y 
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~ . 1 ., 11 • • •• C'II U:.lll ~IJ _(' - . . ~ ir .,._ .,Je-- r ,- ~, J.-ill 

:iJlhll J.:_p..:il r'~ r-1..lii ~ (Système Photovoltaïque PV) ~ ~ 3pl r-\..lii..11 

~ ûLl _(' - :;~ . :;jb \..lii..11 \~ . _('-: .. ~\ li)W\ \~li 4..J.jli .. ( :iJlb 1\ ~\ .. .. .) ~ UA r' U~ .. .. r' . .. . ...ft;'-'" r..s', •• 

4J...a •. .:.1\ \..lii..l\ t . 1- \..lii..l\ . ~ . _(' .1\ t . ~ j~ j • k'I ~ • (..}-Q ...r-a 3 r' .J-l ~ r' ~ (j~ .J-l •• • .)3 ~ ~ 3 

il\ \..lii..11 ,_ .. _.:. 1li :( . W~I 4-l,j . . . C'I\ ~'11 tl ·i 1 :q 1 -_.. . ~ J ~ '-? r' ~ (..}-Q ~ • ..r ~ 3 •• ~ 3..ft->"' ,. Y ~ _..., ~ 3 

\..lii..l\ WLl _(' . \ L. -~O: • oQÏ '" • 1...ti..::...i t • . ~ -:\\ ,4..J.j\..lli;{\ 4....J ~\ . ~ O~ r' ~ ~ (._},Q~ r-~ . ~ya ~ '-?""'3 .. ., .) ~ 

.~li 1 •• 1\ ' • •• q . . ~ '-.r ~ 3..ft->"' 

~~.J~I ~\ tl.JlÎ .1 
• \~;{\ '--1.l.5. .-:1\ 4-.fu .L -.: .. L-:1\ 1- "li.i ~ ,4-l,j · ··C'I\ - 1..:.:1\ • t\ ·\ :;~ .l::.. .. r' 3 • •• ? .. ...F 3 ~ ~ ç. • •• ~ 3..ft->"' r- UA Y . Y 

:~ b~ fo~I tl.J,i~I 

(Système PV connecté au réseau) ~4 ~J.aiJ\ ~~_,~\ ~\ .1.1 

:i.~\ 1\ :; >Li.a ~\ 1 .I~\ • ~\ ç.li .. q 4..J~ - 1..:.:1\ 0~ ~ ,/ . (.S', ? . .. C y UA . . ..ft->"' •• r- r' 

.:i..aWI ~l:pl 

.:iJlbll ·\ :.:.<: 1 _ •• 4..J.jli ··C'I\ ~\ ·~ wli lh.i 1\ _\.:.:I\ o~ ~ ;{ ,/ (j ...r-a ~ .. . ..ft->"' • (j .. .) . (.S', r- ê: 

GRID-CONNECTED PHOTOVOLTAIC SYSTEMS •\ ,, - , 
, - 
/ I 1 '' 

~y J...,,:Wt ,,.J~J~I r"~I .22 •_,!~ 
lh ttps ://biblus. accasoftware. com/f r /les-d iff erents-types-de-systemes-photovolta iques-ca racteristiques-et-avan tages 
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~ . 1 ., 11 • • .. C'II U:.lll ~IJ _(' - . . ~ ir .,._ .,Je-- r ,- ~, J.-ill 

(Système PV Off-Grid) ~Jii .. ,.J\ ~~_,~\ ~\ .1.2 

-~'--:~ ~ ~ _)fo ~ _;li ~lyJI _} 3Î ~ull ~u.JI _} FI 0~ r'~ ,/ 

~ ..::il ,-;~ J)G.. 4..!lhll ~ :-:i wli lh.JI . ~ 4...ï :.:. -1\ ~I 4..!lhll 1_ 1 \.5..1\...i ~ ,/ r' ~ .S..J-'"' •• .) • ~ ~ •• ~(..),A • 

. ~lj.?.-3 

STANO-ALONE PHOTOVOLTAIC SYSTEMS 

~ ~ r"~ .23 •_)~ 
lh ttps ://biblus. accasoftware. com/f r /les-d iff erents-types-de-systemes-photovolta iques-ca rocieristiques-et-ovan tages 

(Système PV hybride)~\~~_,~\~\ .1.3 

~i 4-J.j\...i .. C'I\ ~li ~ • _('-: .. 3 ... ~ . . (j..,..., ,~WI ~U:i..ill ~ FI 0~ F if 
.4..!lhll . :.:. -:I ÛLJ lh.i 1- •••• (..)::...)-"'-" .. .) . ~ '-? ~ 

GRID-CONNECTED PHOTOVOLTAIC SYSTEMS 
1 1 , WITH ENERGY HARVESTING 

/, 1 

~l ,,.J~J~I ~Ull .24 •_,!~ 
/ https ://biblus. accasoftware. com/f r /les-diff eren ts-tvpes-de-systemes-ohotovolta iques-ca rocieristiques-et-ovan tages 
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~ . 1 ., 11 • • •• C'II U:.lll ~IJ _(' - . . ~ ir .,._ .,Je-- r ,- ~, J.-ill 

.J# ~ ~ .>.:# :;_fo _} 4JÎ 3i :;~\ ~ç.US r-.al ç.\y..i J~I ~Î i.SftÎ tlyÎ ~ji 

¼.1: J~ ~~ _} -.::..i1..,1...,J.l :;~~\ ~)l \~ 3 ~~3p\ ;;-*~\3 µ ~3 ~ 

4.L1.S:i.JI 4-.J.j · · -C'I\ - \.:.;Ili La ~llil 4-.J.j · · -C'I\ ~~\ 4..:il.AI · · .4..J ,Q, ~\ 4Jlbll .. ~ 3~ r- . ~ .. ~ 3~ U¾: UA •• .)~ 

cl)~\ e:La~J ~ ~ (Building-Integrated Photovoltaic Systems, BIPV) ~\+JI _} 
1 _.. LJb ( · - 1.:. · - 1..:.;I\ o~ ,~ .. ~\ .:1\ ,wL- \ .1\ ,- t.. ... ~\ t> : •. 1\ • ç.\ . \ . ~ ~\ (._).A.1.l_j ••• ~ r- ...r.J-l3 _,...._3 ~y c...- (...1-lA ~ UA ..?. ~ •• 

.ç.l:pl ~ji ~J 4Jl..=::i)ll: ç.1-l: ~1~ 

1- ~ \.li 4..la..a wl.al~ ~ LwJll.a 41t.:û -:11 4..:il · 4-...::iWI 4..:il.L..i.b:i 4..l - t:. 11\ o~ · t · 1c· ~ • •• • • '-?""' ....>:!A3 ••• r- UA y ~ 

.~\ ~\ wa .t:.I\. :1..1,Q,.:,-; •. ,J\ wb\..û::,..I 
••. ••.••.•. J~J i....,,;;.-- .•••. 

~.' -~ 'I - . ..Ct\ ~\ .2 . . ~ r.r _y.,a .J...Jt--1 e' 

r~' ~ ~1.c. o~ .2.1 

UA .i...a\~~ ~ (Grid-Connected PV System) ~'--: ~\ _;~3p\ r-\..lii.11 

\~ .4...aWI 4-.J.jli · -C'I\ ~\ 4-i~ ~ J\ . .,,Q; . ~ 1 · :q . ~ ç.li · -C'I\ • wb~~\ 4..ul:i.l :L- .. .~ . .. Y i...r- ~ 3 .)"¼-'-' ~ .~ UA • •• ••• -'1S"":"' 

0::-a'.:,-;,nJ.l .)3:: ~ '½.J\..:-.:lll3 ~y.JI wl.a\~)U WLl:JI ~~\ u,a ~ ~~\ UA t_J-ill 

.. ..ib..,:; Ù.1.::.Î , l · :q . ~ 4J\.hl\ • .. b~\ • • \.:i..i\ J)l.:.. • li · - (' 11 .. \ .~ ~ 4..J~\ (j.. •• 3 .) "¼-'-' ~ UA ~ • •• UA ç. ..?. ê: , UA ç. • ~ ...B-3 .r .. .. , 

l...J \~ l.,_jl.Jl.5. \..lii.11 1 \. 1 :;~\ J .li\ . ~ Las. ~\ 1\ . '\.il\ .'....::LI J)l.:.. . . ~l..=::il J.:,.~ ...r3 .. r' ~ 3 ~ . r.s, ~ .>.! UA ~ , 

·i.SftÎ ¼...>6 ublu 

\~ L - . la.a • ~\ - 1..:. il\ . ~ • :.:. -:q wli \.hi ..)J 4-..al,J\ 4..J.jli · - C'I\ ~\ ,Q"; llil . ~ '-5 _J.::. r- ~ Œ...r"-"' •• .) • .)3 . .. .~ . r' ~ UA 3 

• ~~\ •• ...::..u.::. 4.J..a. --11 4-.J.jli ·-C'I\ ~li:;: __ .I\ -.:Lll.J\ . ~ li~~\ 4-J~ ~ .Z:(\ \..lii.11 i...P ç. r.l:! •• •• _,...,.... •• .~ • • ~ c..,-= ~ .. .. _J _)A ..)"*"'" r' 

. w ½!.J '-h:JI 4.ili.:i 

:~ r'\..lii.11 \~ ~L~I wufi.JI 

J)l.:.. UA (DC - ~ .J½fi) ç.'--:~ ~J ~\ ç.~ J.:_p r-fii =~·LOt~J\ c:'.Îi' • 
._;~3pl _>.::itil\ 

~~fa .J½fi ~J ~\ cl)~\ o- ~\.il\ (DC) ~\ .J½fill J.?-:: :(lnverter) ~WI • 
. U.::...o.11 4-.J.jli ·-C'I\ ~\ k...a .;;~\ .. (AC) •• •• • ~ • .);!:! ~ l,,J" _J-1,A 

ç.l:pl &lji ~3 ~'--:pl~\~ J.a~ :(Grid-Tie lnverter) ~\ J~ • 
. ~~ .-:q , . - 'I ...::..u.::. • ~\ w\...ilb:i..a ~\ J-'"'3~ .. UA . . ~ . 
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~ . 1 ., 11 • • •• C'II U:.lll ~IJ _(' . . . ~ ir .,._ .,Je-- r ,- ~, J.-ill 

(Circuit Breakers) _;13..).)\ e:,bl~ ~ :(Protection Devices) ~WI o.Jf+l • 
Jlb.~I o- r-\..lii..11 ½Lo..:J ,~\ wl.J4:ill o- ½Lo..:JI :;-*i3 (Fuses) wlj~\3 

-~'--:pl 

~\ cl)~\ u.a ~\ ç.l:p\ ~ ~ :(Metering Devices) ~l:!ill o.Jf+l • 
:l<ls) .. ,J\ ç.l:pl lY'4lil o~~\ ~lfj wbl~ ufo uÎ ~ .~\ ~J ;;_)~\3 

.:;..).)y.l\3 

Ji.a 'r'\..lii..11 wu fi.a~ Ll¾: h:Ji :(Wiring and Connectors) ~y\_, ~_,.JI • 

·lY'4li'I :;..*i3 ½Lo..:JI w\~33 u.iSW\3 ~\ cl)~\ 

3Î F~I ~ ~\ cl)~\ , .. ,J:~ll r'~ :(Mounting Structures) '4jill JSl:!A • 

. . .. >q w~ . .. 1 • !\ 1- J .. -- n 6\..l.a 4..J 1 . . ~\ ~ (._},Q .?-J ~ ~ ~ . ..3 Y. (..i,Q _) 

'r'\..lii..11 ç.\J ~lji _;li w~_>:l\3 :;-*~\ ~ :(Monitoring System) ~\..,.JI rllâl • 

-~ Jlb.Î (?13 r'\..lii..11 ;;ç.\.i<3 4Jlhll e:t.:i..iJ J_p,. ~ ûLl~ .)ji3 

~4 J,-:WI ~~_,.;tSll r~I <} WJ\ ~,lj ~ .2.2 

-~ .J½fi ~J ~1 ç.~ J_p.:i ~1 c1J~1 :lJ •• , •• ~J, WJI <!tll • 

Î J ·l1J\ . _j 4...a\~I ·.C' · · jj •• Ll 11 · .-: · -11 1.ii.11 J · .C'W\ : L:ill · '- " • 3 _) '-?"" ~ .Y-" _) .. (.S', ~ _) •• ~ ~ .) " u,,i.....,a-i 

.~ O.);!~ 

.~\ 1\ • '\.il\ ~ .. ,~b..11 . ~ ... ~\ • r..s', (.).Q-l .J:! r.l:! . UC .. Y . 

,~ ;;.J~\3 :\<ls1 .. ,J\3 ~\ 4Jlhll ~ t-:ti:i lY'4lill :;-*i :~\..,_JI_, ~l:!ill • 
• •• 1" :. \..lii..11 bÎ .... .. U\ .. 11 \..1ii ~~r' ç. ~c::-::-1:! . ...r-' r' 3 
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~ . 1 ., 11 • • •• C'II U:.lll ~IJ _(' - . . ~ ir .,._ .,Je-- r ,- ~, J.-ill 

Madtîles salalm 
pbatavaltaîaue 

Co 
continu 

011dlll8UIIU 
ctnvertJssao.r 

com11teurde 
censtmmatlo 

AoParells 61ectr1ques 
6cenames 

Cennellon au réseau 
pllllUc d'61ectr1clt6 

r~' ~IJ.a .2.3 

UA j~ ~ (Grid-Connected PV System) ~'-: ~\ _;~3p\ r-\..lii..11 

\~ <~ ~i .~\ 4J\..hl\ · \..i ·-C'I\ ..u\ .-:1 uw t:;ûLl ( ~ ~ -:1\ '~\ ~ ,- .. UA ç. .~ •• _,.... 3 .) .. . '-?'"' ~ 

: r'\..lii..11 

• : .. 1\ \ J::.I\ wb~\ · . \.:i..i\ •• ·'- • LJ··C'I\ •• \.~ -.....i.Jl.S:i \..lii..l\ ,~ - UA ~ 3 ~ . .. UA ç...?. ê: , '-':!....>""' l.P ç. .~ ...)¼l .r .. r' ...r 3:! 

.4J\..hl\ 
< 

. r' ,.;, -; . ., J.l 91.......:::iJ U.;.j .) 3:! LAA ,~\ ~J ~\ ç. l,:pl UA ~\.il\ t¾: ~ - 

: ~ jill _, e""** , aiJ\ ~ ll _,_;.JI • 

· i · J ::.i ·1.S 1 , ~\ wb~I , ..... i..,il..i..J 4..1~ \..lii..11 .. ·.C' -· - ~ 3 ~ ~ U ç. .J"'l r' . .. . .. .. 3 r' ~ ~ 
... ( 6.:i -~ (.j.). 

:~ ,Ll.l..,a • .,.. '-7.i 
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~ . 1 ., 11 • • •. C'II U:.lll ~IJ _(' - . . ~ ir .,._ .,Je-- r ,- ~, J.-ill 

:~li .. Ct\ ~\ .1 \S:il\ e .,. -~ . (:A U-0 

.llc. .. yli · .C'lli ( .. \".l.i ••• • • 1....a..a ,4....al,J\ 4..Jjli ·-C'I\ ~\ . \ :-:Ili \..1ii.l\ 1 - · - ~ .~ . ~ .. .JY ~ .. .~ . ~ va ? . t (..),A,1;! 

.~\ t~)II ~ 

.wli lh.J\ 1- 4-Jjl.a:ic ~\ u..i.11..5.:i..l\ · Jfu. 1....a..a , · .... wli lliJ \~~ ~6. ~ - .. .J. ~.. .J •• va .. (..):!....,::,,-i •• .J ·r" . 

.yl:pl _} ;;.Jfo ..::..iblbs31 o- ~w ~u.a _} 4-...::iG.. 4Jlhll ~t:; _} ~~ - 

=~' o.Jl.l).J ~lya r~ • 
.~\ ~)\ _} 4Jlhll ~~\3 e:t.:i..iJ ~ly ~,.;,-; .. ,J.l & ~\.)-:3 :;-*i ~ - 

. _j · \.i.;,j\ Î J\..b.Î Î · .C' · -1\ ~\ . _j ~L...J.J \..1iill L~I\ \}]\ 1- w ·--:1\ •• - 
'-?"" (._},Q .J '-? l.P ~ '-?"" •• .J r" ~ y ~ ~ ê::":!-1:! 

.:;yli5..l\ 

:~4..,.sll .liU!I ~ • 

y li · -C'I\ i::, • •• li.li 'li · -C'I\ ~li!\ · n:: 1....a..a ,:; :.\...i...a G.h..a ~\ 4Jlhll \~\ ·.C' - · - . ~ ~ uc ~ '-.r .~ va ~ ? . .. . r- ~ 
-¼~wijW 

:\+..c,-l_J ~' )~\ • 

..::..iij Î · 4-...::iG.. ,4..iJ:iiJI 4Jlhlli 1 .-:.~ •• • '- • 4..Jjli --C'I\ ~\ 1 .... 1 · l.1ii.l\ L...J.J - .J r..r .. . ~ (.,:!y-, uc .. .~ . .) ~ r..r r" ~ .. 
. :; .J.)ill 

~4 J,-:i.JI ~~.J..,.s}I r~I Y* .2.4 
-:1\ j .. ;:q w ··-1\ • ~~ ,~li 1 •• 1\ ' • --C'I\ \..1iill :;..)J~\ li\: -1\ • • )\ 1- '-?'"' .J:f'"' .J • ~ ~ • • ~ '-.r ~ .J~ r- .. .. ...F va ~ ~ 

: 4-:ib I y ~ 
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~ . 1 ., 11 • • •• C'II U:.lll ~IJ _(' .. . . ~ ir .,._ .,Je-- r ,- ~, J.-ill 

:~la .. Cl\~\ ..i\"' t- ~ e .,. • ..Jt"'M • ..r _JJ (.s-' 

· _(' · ~ ~ \..1ii..ll · ij ,:; .c:-:. wb\...bii~ · .... i :; ~ · 4-J.jli · - C'I\ ~\ ...::..i..ïl.5. \~\ - (j_J-";i r" u, .)__r-- (._},Q yu.i _J ~ Y.P .. ._ft->-1 • < 

0 

. · · · .. wli \.hi ~llAI ··' · - 1 \~\ 4.....::iG.. , ~W (..):!....r"-3 •• .J. (.)-":(r, 

:~_,1_,lS:ill ~\i:ill • 

LAA ,o~~\ w1J;a-;I\ ~ 4.3).io.l'-: :;ç.\.sS ~Î Jb.ll r-\..1ii..11 ~ ~ ,4-?,)µI .J# ~ - 
-::i,- fi:i .... 1 •••• ..1,: .. n .. 

-~ u· ~ 4 l 191111<1 w1..1.::1y '--l.l..1::1.l. ..•. .. ..•. .. ..•. 

:~bll ~)'\ e;a J,..\S:ill • 

\ 4..a.i_ill\ 4-J.jli · -C'I\ ~~\ ~li I •• 1\ ' • · -C'I\ \..1ii..l\ j ~\ • • .. ( · ~ - 3 .. .. . ..ft->"' ~ • • ~ ~ ~ 3 ..ft->"' r" ~ . UA U-""":i 

. U 1.....:::i 1 ..::..i)L~ .....Jb:i.i LAA , .cl.lil :; · · ·.:. q •••. > •••. •. •••. ~~ 

Panneaux solaires ~~·L•·~J\ ~\ c::1) .3.1 
~' ~, c:: 1 _,it u.a.,.yü .3. 1. 1 

~1 0i ~J Jljill ~ ~ji ~ ~ ~1 4)W1 0.a ~~ o- ;;) .. :e ~ 
,...::.J .~ 0.7 · ~i 1\ ...::.J .~ 0.5 · 1 •• ~ :;~\ -1\ ~\ 4..ili...11 • •• \.il\ 'li .. q _r UA I.S, _r (.)¾: C _J .. Y:U .. ..,.. .. .. UA ~ ~ ._ft->-1 

~_J ·½l..ffe ~ ~1 0i ~ Jljill ~ 4)W1 ~ji ~i _;'-:~ ~ ~ J~3 

.~\ l;)W\ J...i~ 41 
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Cell1 Cell2 Ce!IJ Cell4 

V,=05V v,=05V v,=0.5V v,=0.5V 

- Output .+ ~ L--------11 Vollage 
2 0 volts 

::;~\ 

(Monocrystalline Silicon Panels):~~\ ~.:16.l lJ .. ,..~J\ c::I.Îil • 
~ _} ~~ UA J;Si ~J J...di ui ~3 ,%20-15 0¾: c3lfa ,~b: o~~, o 

.:l....a~\ j_.>b.ll 

.:k.~ 413J 4J3 0~1 ç.b_JM :;jb ufo= ~' o 

.L4b 30-25 ~J ~ ,J.:~: ~ljii~I ..,_li o 

.1~ JiS~I ~1 ..::..i4kc Y+=: ½.J34ll :;j~ cl)~\ UA ~i: ~, o 

.~b ;;ç.us ~J e:~3 :;j3~ ~~ ~ .)fo _;li u,S.t..a)U ~u.a: r'~~, o 

(Polycrystalline Silicon Panels):~~\ o.:i.:i..::i.. lJ .. ,..~J\ c::I.Îil • 
%.16-13 0¾: c3lfa ,~fa: o~~, o 

.~y 413J 4J3 0~1 ç.ij.JJ :;jb ufo= ~' o 

.:i..:u34l1 ~jbi cl))U 4-.:U:i.a ,J.:~: ~lfo~I ..,-11 o 

.~j~1 foi ~ ~ '½.J34ll ~jbi c1)~1 UA ~= ~, o 

.:;~\ wbW\3 :;j3~1 ~IJ::..o.ll ..::il~ t:uLl:i.o.1.1 ~u.a: r'~~, o 
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• 

(Thin-Film Solar Panels):~)\ lJ,têYI ~,~ lJ .. ,..~J\ ~1_111 • 

.~)~\ r-~1 ~ )~'-: ~ 4,lQ3 ,%12-10 0¾: c31fa ,~i: o~~, o 

.()5.b 3Î jy..ii uJ wl~3 4.,jy ufo J ~= ..,.l:a.JI o 

25-20 _)Ir"" '½~I ½3~\ cl)~'-: 4.,j.Jl.ia ~ ~Î: ~ljii'JI .;-li o 

.L4b 

.½3~\ cl)~\ u.a 4..9..IS:i ~ :;jb: ~\ 0 

. G us .. Î ~ G · '-...tl.b:i:i -:1\ Ll.o..11 ,:; · · .q - t... ... )U 6\..l.a: \~'JI _)A ••• y 3 .. _)_J • ~ C;!.J 3 ~ c...- . r' 0 

(Building-Integrated Photovoltaics, BIPV):~4,JI ~ U..\S:WI lJ .. ,..~J\ ~\_li\ • 

w~t..1:i3 ~~3pl wl~JI '-?jY ,(BIPV) ~\ _} ~~\ _;~3p\ r-\..lii.11 _} 
: o ~l:iJ\..hll ..ui .. 4-l~I : .. 11 w~ j\ : .. 11 w~ JI~\ . ~ 1> •••• ~ j • ~ .. Y3 .. .. ~ Y'-:~ . ~ (.)-lA-l-l .3 Y 

·½~I clJ)U ~Lli.a :;jb 4,lQ3 ,j~\ t_J,ill y..=. c31ji:i 
, 

. ~\ _J,ill 3 ~ ~ 1 Ji.a ç. Ll;JI ~ \..le ~ ~..ûi.l ~: ..,._l:a.JI o 

.:La~\ j\yJI ~ ~ '½~I clJ)U 4-.:Ll:i.a: ~ljii'JI .;-li o 

• ç. li:JI j\ Y ~ 4,Lal5.:i.l 1:):ù ~i ufo ui ~= ~, o 
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wLll.o..:JI 1- :c: •• -:1\ ~dl Ll:i.a Î :;~.l:J\ ·L.J.1 6\..l.a: l~~I .. . ~ ..r Y ~ .. . t:i.J _J •• • (.,F . . r o 

• ;;y li5..l\ _J 

:~ ,~\ ~ll.o..11 w3_):J13 ,~ti.o..11 

~ ~ ~jil ~~\ ~~\ ~ 'C~\ ;;YUS wj\j LJS: ~\:WI ~WI_, ô~~I • 

• y '-:pl o- 
~ '-5~ ~ 4,.1.a ~jWI ~W\3 4:iyUS ~ clJ)U ~}il 4.ilS:i..11 4.,jj\ya ~: ~I • 

·r-\..lii..11 

4.,jl.:i.a..i ~~\Ji-'- ·l.a......:::i.. .. t:; -:1\ 1 J~\ ~\ ~: ·~I . 1 .-ïi~I ··-'1 • . ~3 .. _,... u . ".F ~ C _,.. .J.. .. u _, ~ ~ .;,-- 
.~b 

:;)_;.:JI ..::..i~.Jj _} ;;yus foi ufo clJ~1 ~= ~it; JI ~u.JI u_,~1 <} ~bYI • 
.. . .. JI .. i • 1 • . t:. • , •• • ••.. 1\ . 4,ab,& /:,y~'j '--Si_J_)""' r..r 314..Jt..s:i...r-i 

~-1,ttLOt~JI ~1_,l)U l:!}6. W~I ~\Lli .3.1.4 
u.i±: 1.iJI ~ ~llil uSJ 3 , :i .;. a JI 4..5. ~\ 3 4c. .J,i y..=.. ~ ~\ C 1 )~ 1 (Yl±:1.ia 

Jy.JI _} ~ti.o..11 ~\ cl)~\ o- ~ul\ 4Jlbll3 j~~\ ~_}~Li:; uÎ ~ _;li WLl:JI 

: ~ \ . I~ \ lia ~ . Li.lb . C-"' (Y±! _J •• 

~ _} 4-.a,.;,-;",JI 4-?,J~I tY w')\.:l..;,.'-: :;YU5..ll3 j~~I ~= ~_,lp:ill t_,.ï • 
.(~)\ :lJ.tè~I 3i '½.J.J4ll :;j~ '½.J.J4ll ½jb\) cl)~\ 

.~\ clJ)U 4:ili....::ilya3 4:i' ~"' Oî _} :l.;. a.JI wt.5.~\ ~= ~-i· aJI ~~I • 

..::il~~ 1-'Î .L-: •• , .. -: ·-1\ J.:C'-:I\ ~\ : _,_ic:-:,1 .li:ill \S:i.i~I • .. C -"' .J:!_,.... r.l:! ~ '-F-"' _,.....,..... r' ~ i.r--.,..,....,. r -' .J · 

.~ j~\3 ~i :;YUS 
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(Monocrystalline Silicon Panels):~~\ ~.l6.l lJ ..••. ~J\ c:I.IJI .1 

·~ 100 X ~ 200 ~J ~ 100 X~ 160 ()¾: :;jb (31.fo: .l~YI 0 

.~ 22 ~J 18 0¾: c3IJi::: wJ.,11 o 

j_;bJI ~ j3-?-3 ~ ,.b\3 400 ~J .b\3 300 0¾: :;jb (31.fo: ~WI ~\ o 

._;si 3i .b\3 500 ~J J...di _;li :La~\ 

%.223 %15 0¾: c31fa: o~~, o 

(Polycrystalline Silicon Panels):~~\ o.l~ lJ ..••. ~J\ c:I.IJI .Il 

~J ~ 100 x ~ 160 0¾: :;jb c31_;:; ,4..:!_J_#.1 4-.::J.~i clJ)U 4-l:i~: .l~YI o 

·~ 100 X~ 200 
.~ 22 ~J 18 0¾: c3IJi::: wJ.,11 o 

. .b\3 350 ~J .b\3 250 0¾: :;jb (31.fo: ~WI ~\ o 

%.173 %13 0¾: c31fa: o~~, o 

(Thin-Film Solar Panels):tÎ:!Ï)I lJ,têYI ~,~ lJ ..••. ~J\ c:I.IJI .Ill 

c31_;:; WLl:JI j~t.i1 .4,jy ufo t..a ~~3 ,~ ~i3 _>:5.i ufo 0i ~= .l~YI o 

·~ 70 X ~ 150 ~j ~ 60 X ~ 120 ()¾: 

.~ 16 ~J 12 0¾: c3IJi:: ,~~1 ½3~1 c1Jt.i1 0.a ~i: wJ.,11 o 

. .b\3 200 ~J .b\3 100 ()¾: :;jb (31.fo: ~1.lll ~, 0 

%.123 %10 0¾: c31fa: o~~, o 

.3.1.5 
: .Jl:!:ill _, ~' .1 

:;jb c31Ji::3 'C~I ~ ~ j3-?-3 r-~ ~ ~\ ~ (Voc): c:jii.JI ~\ o 

.-.::.J ~ 50 ~J -.::.J ~ 30 0¾: 

8 0¾: :;jb c31Ji::3 ,:;_;l.l!I _} ~ j3-?-3 ~ .J½fill ~ (Ise): ~\ .)\.;i o 

. .)#Ai 12 ~J .)#Ai 

:~\ o)_;a. 4.J.l .Il 

c~I :;ç.US ~ :;)_;.:JI ~_)j _»i\.:i '-5~ o- Y.'Y: ~ o).;a.11 4.J.l J,..t..- 0 

.~fa ~.Jj JSJ 4-.::y.JI ~'--: (Yts;3 ,~\ 

55 
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=~bYI w~ .111 

'-5~ ~ 4,:;ç.us 0.a ~ ~ ~ ~~ c1J~1 0i :;jb ~= ~bYI w~ o 

.L46 25 ~ :;ç.USJ\ o- %80 ~ .1:i\.i:JI Ji.a ,L46 25 

: Gl6. i,ljl)I ~I I ie..,1 · ·-- .t ~t ~ ~ C. _jjJ ~ .3.1.6 

LG NeON 2 .1 

. .b\3: 370 ~WI ~I o 

: 21.4%.o~~I o 

·~ 101.6 X~= 168.6 ~~YI 0 

LG 
SOLAR 

LG NeON 2[._µ}f ù-o c..;l :30 •_)~ 

SunPower Maxeon .Il 

. .b\3: 400 ~WI ~I o 

: 22.6%.o~~I o 

·~ 104.6 X ~= 169 ~~YI 0 

SUN POWER" 
MAXEON 3 

400W 

SunPower Maxeon [._µ}f ù-o c..;l :31 •..)~ 

Canadian Solar HiKu: .Ill 

. .b\3 580: ~WI ~I o 

20.2% :0~~1 o 

·~ 104.8 X ~= 176.5 ~~YI 0 
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..!:!µ CanadianSolar DIRECT SALE 

Canadian Solar Hiku [JÔ Ù"' ~.)1,,.-Jl.iJ c:..;l ''32 •..)~ 

TPU uli:u~I j~ '-:?.)yJI ~)411 • 

JA\yJI UA ~~ p ~ .4.LJ..Jl ~La~\ ~\ ~ '-:?i ~Lai ~~ e:~J ~J 4Jl..=::i)ll: 

, s1i,al ~ 4-..a~ ~\ ~\ ) ~\ ~\ wlJ~ ~ jl.a:lc~l:. ~\ 4-.::~I 

: ~J 4-..a~\ 

- UA ~Y ~ o- ;;.Jt.p ~\ ~\ ufa ~= laminated ~ 4-..a~ • 

j~ ~.J~ ~ PVF uÎ ~ PVF - ~ ~- PVF ) PVF - r- ~ÎPVF 

.~Ll:J\ ~ tyll \~3 .~\ 

·e:~J ~\ ~\ ufa ~: encapsulated 4..ili...a 4-..a~ • 
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·IJ ~.,.., ~~-··· 

.) 

.3.1.8 

(.)¾J_)A Y3~ ~_p.:;3 ~1 c1J~1 J.:.a ½31J J.:~ ~ tyll 1~ -} :~p:WI ~1_,i11 • 

cl)~\ '4:_p.:;3 ~\ ~fil2 r-.JS:: ~_?-A ~_;b o- 31 ~.JA JS ½l.1: _} r-WI _} foi 31 

. y 3_)iJI ~ J3~I o- r' ~\ _} wl y ;;~ 
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~ . 1 ., 11 • • •• C'II U:.lll ~IJ _(' . . . ~ ir .,._ .,Je-- r ,- ~, J.-ill 

Onduleur ou Convertisseur~WI} ~\ J~ .3.2 

u.i~ .3.2.1 
:i.~'-: ~\ ~~3pl 4...o..l:ii~I _} ~t....J j~ _JAi (Solar lnverter) ~\ J_p..JI 

~~ .. Ll 11 ~\ 1 -'~\ · .. \.il\ (DC) · .-: . -11 \.ii..11 Ji .. ,Q, o.i..::.. ,1 .:- ~\ Y-"' .J .. r..s', •• C _,. UC ~ ~ .J.. ..~ t.r:. .. ~ 3 

~\ _4.Jj\...i .. q ~\ 1\ o ~ \ 4....J :: -1\ 4.Jj\...i · -C'I\:; • ~\ L• :. ••. _j 4....a\~\ .. (' .. (AC) .) •• •• .~ • (.S', .);! 3 .. ~ ... ~ ~ ~ ~ ~ 

ONDULEUR 

~' ~~~, tl_,ll .3.2.2 
~ :i...ab :;_;.l:J ~ ~ .4..:il.a\~13 4-.....::LI~ t.J-i JSJ3 ,~\ w~_p..JI u.a tl.J-iÎ :;~ ~llil 

:~\ w~_p..JI 

:(String lnverters) ~\ ~~ ~ •!• 
•n i 11 1 •• •• ,_\ 11-: i i 11 1c· :. •• 1 -: i i . _j :; . . :. \ . I'\ •• ,_ 1. . •• •• • ..,, • 
~ .. .:J .. U ~3 ,o....i...;,,, 3 ~ ~ ~ ~ ~ C y o.- ~ _JJ ~ -~•· a• 

.J_p..J'-: :;.l::..1)1 

.:; .. !. · -1\ 4..l b.:i..11 ~\ 4...o..l:ii~I . _j WLl : \~~\ • ~ .. .) . 3 .. ~ r' 
. ~b ;;ç. US 3 ~i 4.ilS:i : ~\ j..JI • 

.4,LS.~ 4.LJ...JI ç.\J ~)y~,~ cl)~\ o- ;;.l::..\3 û....:::iyû l~J :y-'="'11 • 

(Microinverters) o~I ~\~,.la._,~~~ •!• 

·'-?~.) ~ cJ J5. ~ ~ J_p...a '*Y~=~·· aiJ\ • 
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. 1 J)U J+JI li\ · , ... J)~\ Î ' :_ 1\ J,l:JI · ·W -:1\ ·.C'\...a)U Ul.:i.a : \~~\ • c _,. .. .. .J.J .J ~ ~ UA ~ r.r ~ .. r 
·cJ JS ç.bi J_p. ~j wl.a_Jk.a r-::~.J 'cJ JSJ :;ç.USJ\3 ç.\}i\ ~ :~lj.JI • 

. 41.J...J\ w 'J. ~ 4.3 .J lia ~i 4.ili.:i : y -'="'11 • 

String inverter Micro inverter 

•?~/ J c,..;fi_ji}t [JÔ ~ Ù' microinverter J String inverter ù.# Jyit :37 •..)~ 

(Central lnverters) ~>' i!J~_,:- •!• 
~\ J...i)L.JI · .l.l~I ~ .... ~ ,:; ···C'I\ ~\ 4..o.l:ii~\. ~ ~: ~·aiJ\ • .. UA .. .. .J-l ç""1:! •• ~ •• '-? r' ;>'!!rt~ •.•• 

.;;_Y.fi ½PY w'l~ 
. :; ... C'I\ ~\ t 1: -1\ 4..lcll.....::i..11 4..l b.:i..11 w1.L..i.b:i..ll . ~ WLl : ,~~, • ~ .. .J...F.J .. .J •• .J. ... r.r r 

.~b ;;ç.~ 4Jlhll o- ;;_Y.fi w~ ~~ ~ :;.Jj\j :~lj.JI • 

. ~\ . l.l:::ù.l\ . . .. ( ç. • ~ •••• ~ 'wlb.:i \.~\ : '-1 - ·- ,, • UCt UA~..?. .J-1-l , .~ 

a-..1 · -'-· '~';f P.',3W ea&-=b:1.";J 
central inverter \f.PY Jp.-, :38 •..)~ 

:(Hybrid lnverters) ~ l!J~_,:- •!• 

. 4Jlhl\ U:!__p..:il ûL::.Jlh:Jl3 ~\ ().a JS ~ ~\ ~.îi :~o· oiJ\ • 

.~b.l\ -.::.ilj i . ~ 1. -\~') 4Jlhll . . ... '--.tl.b:i:i -:1\ 4..o.l:ii)U 6\..l.a : ,~~, • • .J r.r ~ (..):!....,::,,-i • r.r . r 
ç.\..ti\ 4.3y...o.ll 4Jlhll r-1~1 o- ~3 ,4Jlhll r-1~1 _} ;;_Y.fi 4.33y .)_; :~lj.JI • 

• ç. '--:pl t lbs3\ 
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solar panels 

utllity 
grid 

battery bank 
~ Jp.-, :39 •_)~ 

:o~~, • 
~\ w'l -- -1\ :; us . jj .-: -1\ 1.ii.11 11 .. -: . -11 1.ii.11 · 4..1 -- -11 4..!lhll 4..J....J . .,,,Q-; - •• ~ ç. ~ .) •• '-S", ~ .) .. UA ~ . iJ7""" 

. %98-95 ~J J...di ~~\ 

:~ljii'JI ~\ • 

:l...ï4,..aJI ~ L4b 20 ~ ~ uÎ ~ j_.>b.ll ~3 ,L4b 15 ~J 10 0¾: :;jb (3\Ji.:: - 

.~u.J\ 

:(Capacity) i.J.lâll • 

.~ J,a~I J~ ~ _;li 4..!lhll ~ o- .Y.JÛ3 ,(kW) .b\3~1) (W) .bl)l: j~ - 

• . ., • >. I\ \.1ii.l\ , ... i.,i\..i:i:i · \ '--l.::o..l ~r" ~~. (.) .... 
:~\ e;a ~\_;il\ • 

.J:i}11 ç.\}i\3 :i...a')L.JI 0La......:::J ~1 ~1 .)±!Lit.a~ J~1 &I.A: 0i ~ - 

:~\.;JI_, ~\ • 
wl.L..ib:i i w..i ... 'li ç.\}i\ U\ . .1 wl · 4..:i.i~I w'l -- .11 · ~~\ · · .... - ... .>P 3 j-l.l, .>P . .r ..);!A •• ~ UA .. ~ 

.~ JS.Ll.o..11 · :... \.1ii.ll :; US .... .. ~ ,Uill ~\ .. 11 ~ ~ 3 r" ç. ~ ~ •• ~ 

:~\ e;' J,.l.:il\ ~ i.J.lâl\ • 

ui ~ ~ ,~1 clJ~I ~ _;J.?-11 ~1 _»iti ~ J.a~I _} w'l~I ;;.J~ ~ - 

.41..J..JI w'l~ :l...i.Jl.ia ~\ _»iti u-a :;~\ 4..!lhll w\~3 w'l~ Jl9:i 

:~~_,_.,.Sll ~1..l:.lll ~ ~¾''LOe~J\ ~'J~\ ~t .3.2.4 
.J½fill ~J (DC) ~\ .J½fill o- 4..!lhll J::_p.:; ~ J~ ~)\ .J3~\ :UUJ\ J,i~ • 

. ·W\ 4-Jj\..i · · C'I\ :; . ~\ - t:.. A . _j 4...a\~\ .,(' · · il\ k' >I\ -~ ,(AC) jj .-: . I\ '-,F . 3 .. .~ ~ r-- ~ ~ '-? ~ .r- 3 ~ 
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-~'-:pl J\..b.~13 ~w1 ..::..i1.J½fil1 0.a r-\..lii..11 J_p..J1 ~ =wt..YI • 

& ..::..i1J;01 J)G.. o- _;~3p\ r-\..lii..11 :;ç.US ~ _} w~_p..JI ~~ =~bYI ~ • 

cl)~\ u.a ~ 4Jlb ~i (.)..:l~I ~ _;li (MPPT) i.Sy.asll :;.J.llll 4..bs3 

.~\ 

~..La•i.o1~JI ~I ~t '.J tûli .. c,1 ~YI .3.3 ~ ,,,,,,- ~ . .,..... 

:l.,, r,,, al\ ~'-:pl ~~~\ .J~\ Y-?-:: .~WI :;)_;.:JI û~.J~ J.o..:û ~ :;.J.lll\3 J5.WI 4...a3l.ia3 

.0.a13 J}jy ç.\J 0La......:::J ~3..).)1 ..>:!:!l.it..o..113 ü~~ . ..o..11 ~1 r-\..lii..11 ..::..i~ ~ &lfo _;ll3 

~..Lt•LA1~JI ~I ~t <} ~4..,.sll ~YI ~~ .3.3.1 
<.}Sbll ~_,li. • 

Î 4-1.b)I wWI . ~ 4.....oG.. ,61..sl\ ~\ wl :.\:il\ 1"l:i.U 4-.a lia ~~~\ · _('-: · Î ~ - 3 . ... ~ .. .. ... ...);!-l 3 ~ 3 (j_,..., U . . .. 

.4..:JWI 

·U~ ~t.. • . - 
i:. 6 WI 1 1 --1\ :; .. .:.-:.q ~\ w .,.:.q 1 _ •• , ~ ~~~\ • _('-: ·Î ~ - (.),,lA ••• .) (..),A Y'"' 3 ~ .. ... 3~ (.)A,,'-l..l (j_,..., U . . .. 

.J5.l:i.ll3 wl.a~\3 :\J:- ,n°i21\ J~ W)U ~yûll 

:~WI o).;a,JI ~\+.)-l ~_,ti. • 
~ 4.....oG.. ,4.JJ:i :; 1 wb ..).) ~\ 4Jlhll 4...o..l:iiÎ . ~ 4..J.j\..i · -C'I\ ~~~\ • •• - .)A _) ~ • _) •• ~ •• • ~ (.)..:l ...)'U:! 

:;)_;.:JI ..::..i~_)~ J.o..:û ~ :;_)~lj ~~~1 ufi:i 0i Y-?-:: ,.tllil .~1 w~ ~'-:..JI ~yûll 

•1 -~\J '- :.t:; · ~ UWI ~~...);!JU3 .. 

4Jlhl.l ~ ul.ili 03~ ~b ;;ç.~ ~'-:pl 4Jlhll ~ji ~ :;_)~lj ~~~1 ufi:i 0i Y-?-:: - 

. ¼~I wUWI .? 

:~I ~I ~bll e- _,\i:i • 

~1y.113 ½_,lill c4)1 Ji.a ~\.i..o..11 ½.J-:-JI ..::..i1~1 J.o..:û ~ :;.J~lj ~~~1 ufo 0i Y-?-:: - 

.~_r.tll 
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.3.3.2 
:(Solar Cables) "J ..... ~J\ ~lSll • 

1 -: >I\ \ Jl_t\ 1. __ -:1 •• I_ ••• •• k'Î •• I\ •• •• \\ •• • •• :.~Il L-:. I'.'. •I •••• & • o•~ ~ ( y;. ~_,.... o~\.C ç"~3 ,~UJ 3 .\J? •n9l; (j~ ~..;u ~3~ .)~ - 

.w':l~I ~3 ~\ 

:(Battery Cables) ~tu~4 .a....aw1 ~lSll • 

.~\ w':1~3 ~\ 's·a·~ w4.Jlh:JI ~jil I"'~ - 

:(Internai Wiring) ~\~\ ~lSll 
:; . ~\ .. \.i.J\ ~\ · -1\ w;I ·- -1\ Ji.a ~b · · - >.I\ \.lii.l\ ûLl _(' - ~ .-:1 ~ - ~ 3 ~ 3 . ...r-'3 ~ .. ~ I"' .J--' .. _,.... I"' 

-~'--:pl 

:(Flexible Cables) ll..,.JI ~lSll 

. ~Î 4..i 3y. ~J ê': ti.:û _;li ) 4.5. y.Lli w~ JI _} I"'~ - 

:(Fire-resistant Cables) ~...,p,ll o.:iw-11 ~lSll • 

.4.J b.:i.11 4-l&JI ·W\ i:. , •• ,\ ·- n Ub 4.-a lia .....J.b:i:i -:11 ·.C'\..a~I . ~ ~ - .. .) . 3 .. '-F . (..),,lA (j-l ....r"-'"' •• 3 . '-?"" /.J"' r..r I"' 

:.a, ...•. ~J\ ~, ~t <) ~4~1 ~YI ~ .:i\..:ic.)IJ ~_,~, .):!:!la.JI .3.3.3 
.~\ ~~~\ w~ ~~ _)3~ .J4,t..a :IEC 62548 - 

.~\ w)l:l5..1.I ~y.Î .J4,t..a :UL 4703 - 
.U .li\ k..J.I Jt:i:i.a':11 • • ~\ ~~)U TUV ~ ~ :TUV - .. J ...># ~.. ~ 

'--l..1.5, .-:11 wlilb:i.a '---l....Jlîi.l ~ L...::û bL .hi)I .....Je. ,~ .... : •• aiJ\ .:it..iYI • ... ? . . ~ 3 I"' • • • • _r_JJ,J f"¾ _, • 

. ~ ti.o.11 ~ Wl 3 

4.-a~ . Lu.o.l .. ·- n 4.-a lia ~1 . 4..c. . : . _ -1\ .hi)\ .....Je. . 1 • z .. : .,. . ·- n t,. \i.JI • U (j,;!....r"-'"' 3 .JA UA ~ . . ~ ~ l.}J~ -' 

. ~lyJI o3~ _;bh..a J.:,li:i3 l"'\.lii.11 

=~ ·\:il\ ~YI ~, L:ic.'i\ .. ~ _, .,. .). .3.3.4 
,:;~~\ 4.ShW\ . ~ 4..i.o,½ïil\ 4...1.Ï ·ljl\ ~\ ~\ .-: -1\ .h,)\ .....Je. ~\ ~ - '-? .... 3 .. .J-l ...># ~ _,....... •• .) •••••• 

4-J _;:q li)\ 1:. 6WI ~\ w · t:.11...i >h; ;{ ~ , .. ,,~, \..5..::,L , .. ,,~, · Î '-...ilit..ll 1- ~ - .. ..,.... C.. (.),,lA •• •• ••• 3.Y"""'. Y .. . . 3 I"' ,. • u . ~ .... 
. :; ..>::JiJI .J \.ha~ 1 ) 

-~'--:pl w':11......::û':II 4.-a~ uLa....;.,3 d:' ,tlll ~ y1JI ~b ½~ ~~~\ "½,:-,ji Y-?-:! - 
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~4~1 J..-jill J.,~ .3.4 
cl))U ~1 ~3.ll.l..,Q 3i ~1 4Jlhll ~~ ~ ~3~ r. ;.,J w3~1 ,~jill ~3.ll.l..,Q 

wb · • A- 1 ~ _4-l,j · .. q ~\ 4Jlhll .ul .. 4...c.liïi . ~ Li · -~ ,~\ • ...r>-"' c--:- r- .. ..~3~ .. ..Y ~ ~ ç...?. -T' •• 

.~13 ~fa-} c1)~1 J...i)L) ~1 c1)~1 o- ~~1 

111 

PV Combiner box ~.}ilt JJ..i.i..a :40 •..)~ 

:i.~I 1 .1~1 '--l.l.5. .-:i MC4 ..::..i')l...:i \~\ .. La Ll~ ,:; · .!. . -1\ wLlü.o..U ~li Lai • .. C-"' ...r' Yt r.l:! . ~ .. 
• • •• :. >.I\ \.1ii.l\ · Li....JL...Ji ( · .. .. ·\ .. i 1 1 •• k' :. . 1 . 1. _ •• ~ ~ '~ r" UA .. ç...?. ..)+.lJL.l 3 · '-?.) _J-lA 3 ~ ~ ~ Y 3 

Li.li Lo.li a, 1.L . ~ .4-J.j\..i .. q w'l -- -1\ ~1 1 .1~1 · ~w ha1 ~ .. .J • 3 ç. 3 '-ffTr •• .~ ~ 3 .. C _,.. (..)¾: 3 .. Y 

·.):!-:Ai 30 ~J J..,.::i:i ~b wlj,:fi ~.îi3 

MC4 J.,,y,: 41 •_)~ 

~JiJJ.i_,11 .3.4.1 
. ~ ~\ 4Jlhll ~ .. .. ~ 4..i....w)I 4..iJ:i . q Ji.a:;:; :ô.u.:WI ~, . • A-,, • ~ .. .. _J,l (.j3 •• •• •• _,.. ~ ~ 

.. Ll • · ~ :;j~ ~ 1 ')L i I Ji • • .-: .q lûl\ wb • • • A-1\ ~ .J •• ~ ...r>-"' ~ •• (..)-".J 3 C Y UA ~ .) .. . ...r>-"' (..)¾: C--:- 

. ~ \ 3 

4-J.j\..i · ·C'I\ wl.al.a.....::JI Ji.a ~\ :q lûl\ · 4.Jb:; · i :;jb · · .. :~ljll L:ill · l.ab • ... ~ y .) .. UA .. ~ ~ .) .,. (.)A .,. 

.;;~\)\ ~l,:pl w3_):JI ~ ½Lo..:J.I J_p.j ~ J5J wl.Jl...iS..11 _JÎ 

ç.\J U\ .. 1 -<--:1\ U\ .. q ~1..1:i :i...a.ili..JI .. jll.....::J\ · · ..... ~ :-<--:t\ U\ .. t\ • . ..ra r---- 3 . ..ra 3 0:: ~ ~ ~ -' • .Y"' 
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4..Jfu • 1 .1 C'\..J ~ -~ _ -1\ J :_ 1 4-..a)L.J\ 1 :1 :; \......iS \ t,;.,1.:iia Ll.!lè • • •• :~\ 1 _:. e ... l.P ~ . ~ ...r-a ~ .) 3 . ~ u,waa 

· t.s) ~\ 3\ 4.,j4,..aJ\ ~\y;,~ r'\..lii..11 

Jt:i:i.a ~ \ 4-l,j\..i · · C'I\ 4-..a)L.J\ · Lu.:::J ~\ 4Jlhll ~ · ~ - · 1 • \:il\ \~ : • b • 3 .. .~ (.) .. ~ (..)-'1;!.) ...r 3:! ~.) 

_4..J.j\..i · · C'I\ liuJI ..::il -~ >n •• • ~ .)±! 3 ~ 

w~ 
w .-:q . _j 0~ il\ \..lii..11 wli .C' .• ·A-1 1 .. z .. lt..i ••. L-:1\ •• ' 1 .:11 \~ . _j 
... ? '-?" '-? r' _)--' ~ ~ . (j~ ~ ~ '-?" 

~ li..l ~ ~ ½.J3fa ;;-*~\ J_p. wl.a~I o~ .4-..JI.J~I t3~ ~~3pl 

~~ Y.P '+~,U _;li:;-*~\ .)~\3 r'\..lii..11 ~ ~ ç.~\ ~ LJA3 j~ JS .)3~ 

• 1- .1\ .-:: .1\ 1- ~l.a:ic~\ ..::..u::., ~\ \ .I~\ be '\:_Ili ~ ê:_,........... ~ , ~ •• •• C _,.. y~ . 
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L...lii..l\ .l.......J~ •. (. ... 4.Jj · .. (.1\ ~~\ ••. ~ 4-l .• ) ..• J:; .L:. .~ -·---:1\ r' ~ .. ~ .. ~ _J~ ~ ~ .. ~ J" r::-:-- 

~~\ :~ L4h,l .. ,\ _.>--:iS.~I U')\.:l.11 ..>:!:!L..it..J\ .:\ al).; <I ~~ ~\ _;~3pl 

~"\!.-: \ LL...c .. C . ,Uc . > .1 ~L.l .4.......J.i\ :. -1\ ~\:i..J\ - t... . ..l\ ~L...J.A L.l .. (.1\ ...,~ ~ (j~ _J~ • • •• ~ _J c...- _J ç. .~ 

ui ~ y~I ~ W) ~jWc.1 ~ 01i.....111 (J:!_)4,t..JI ~ ~Jill ~L...J.A3 ç.'-:pl 

\i.....A ~ r' ~ .~4,J :i 1 , a, .iS t3~\ o- ~WI "53~\ CJJ01 ~ 3 '?fa t3~\ 
1 1 •• 11 •• :. •• •• JI .. . 1.:.: 1\ •• 1 11 •• •• . L 1\ J ... 1 : 1\ 
r-L.......l::LI.l CJ :- .,,, ~ ..J---C r u----a 3 o' <1..1.7 4........;:...;-=-u ¼L.........l.:>. 4-......s::....r=-iJ , aa ,2 ~ 

-'-'.l:>..'.i..l :l...a ·)U\ w\.JkJI ~ •• ~ . \..lii..11 .. '-l.i\ · Li '-l.ib -~ - ·- - -:1\ .. _) .. ~~ r' ~. 3-?-UA~ .. -T'r::-:-- 

_} ~3:! -~~~1 1~ ul.a......:::i ~ :;_)jw1 :;-*~1 ~ u.a3 ,_;~3pl .lly.11 ~1 j~~1 

~"\1.-: ~\ .).)~ \..lii..11 1- . .1\ t~~\ ~ : \_.;,. ~ ·1 -· - ·\ la...a :_ 1\ \~ ...,~ •• _J r' ~ ~Y.:' < .?-A (.}-0 • (.)~ u _).. ç.~ 

6.4,.....::i L8 o- ~ (Yl;!.)..ûl.l ~l..JI J~I uÎ L<l,u ,4....J_)~I :l..16. _} .4J.1: 4....J_)w _;'-:pl 

ûL.;!.)lb.: r'\~\ ~\ ç.~ij '..)4--ll'-: u~ 4....J_)~\ J~\ uÎ '?Î ,ç.L...J.A L17.30 ~\ 

.~li.li LJ~I ltiÎ :; 1.....:::i~I . ~ . _;::q 4.J.bi:i.l Ll. . .C . . :.:.-:q r' .. ç. ç. < ~ ~ •• •• ..?. (j~ (..)::....r"-"' 

F' ~ <} til.:WI J,.l_,.ll .1.1 

\..lii..11 -'-'~ .. .ili:. Llc~I · . ~ \Ai~.J '--l.:>..l -:11 wl.<i _L -1\ ·ij, \.c 1c· :. . r' ~ .. _J ~ _) • U:P- ~ •••• r.r _,..,....... u, r' ~ 
:4,.l.a :;~~ _;~3pl 

.(wl:i).b,:l\3 u,iSWI ,~\ ,wl.l:>.)1) _;~3pl r-\..lii..11 wufi.a •!• 

. _; ~ 3pl .ll yJI ~ 3 9 ~ '?~\ u~I •!• 
. J.o,.:JI •!• 
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.1.1.1 

, W½!.Jlb.: 'clJÎ UA wlifi.JI ~~ 3 r'\..lii..11 ~ _} wl.a~I 4..JLAI J:i..û; 

w4"~~\ ~ 4..p.li UA h.:.J:! .J~ ~J .J~~\ ~3 .Jy.JI _} :;_)_;.JI 3 tJl. .. ,w~~ 

4.i\SJ\ 3 _)ljill (.Sy..Î 4..p.li UA3 , (r-\..lii..11 ~~ _;l:pl &ljill) r'll:;_ill Ji.a~\ ç.b~\3 

. 4-Jj ~~ 1 
•• < 

:~ ~~_,..,.sll ô~_,14 l.:âl.:WI ~L._,1-11 •!• 

-~~i •!• 
.:iJlhU ~~\ ~\ '.)l;ill ~~\ ~\ •!• 

µ u----a (~fa ½.Jj 25 ,.b\3 1000) ~L;:Sll w3~1 _} -.::il.a~\ ~~ ~ 

.:i.;. a JI 4..5. ~\ 

Ulbll e:--- ~ljWI Puissance :;.J..L....Sll '.' .. ,.,, O.J~I ~ .JL.;ll J_p..J ~l: 

3 ~1 3 _)~ (.5~1 ~1 ~ u----a ~1 c1J~1 ~ &lfo. 3 4-...J_)~ 4-..aJ')\JI 

. :l..k.:i.J 1 :; _)..ill \ 

< 

'-? .J3y.al\ UA ~JtiJL: 3 ,~ yJL: ~\ .b 3ytil lli 3 _; ~ 3p\ ~ y.JI ~ ~~ ~ 

Uù _} ~\ :iJlbl\ kfa '-?Î ,~\ _}) r'~\ _} ~\ t~)II ~~ 4J~ 

JSJ 4J3~ -.::..ili4:JI ufi:i 0i ~ ._;~3pl ~y.JI 9 & '-?~1 0~1 ~ _} ,~ 

~.Jh o- 3Î ~JI 4-.::~I j~.J~I w~ ~ UA ~ Jy.-=JI ~ .4..1.J\ UA ~ 

.J±:k...a ~ _;ll3 , ( ... ,Retscreen ,Pv System ) w~fll 4..:i4J :i. a· a, JI ~\_>:li 

:U\.:i..11 Jt..;,.j~\ 
•• < 

(-}\.fa.JI u~I) ~yJI 3 J~\ b • 

Albédo ~fll ~l&_j\ • 

4..1..J\ . _.I\ ~~\ k.. • r..r (.,r'Y.:' t < _j-1A 
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la Charge ~4 ~\ ~L._,1-11 .1.1.3 

... t,jWI .J½fill ) ~\ ,~\ .J½fill tY •!• 
Puissance de la charge J.o,.:JI 4Jlb •!• 

• - .1\ . ~ ~\ ~ k .. • •• r"Y.:' ~ •• _J _J-lA • 

~\ 4~1 ~'--:pl U\..bll y~ c.;...- ~'--:pl , .. ::L~~~I y~ ufi:i:: 

·r-~1 _} ~~~\ _)4J kfa ~ Jy.a.:JI ~ w~I -uy~I lôl~l .. ,1 

-~~~\ t~ ~ Ecj (Wh/d) r-3:! J5. 4-.:~I 4J\..bll _)4J kfa 

~'--:pl:;~~\ ~3 ,~\.Jj j\_;-...JI r-L....lii..11 JS_.....Z _;li~\ wl~\ 4Jlb 

:Ul..:i..11 ~"")Wli L_-: • .cil~ 1\ La 4...1.Ï .-:Cl~\ :; • ~\ :;ç.l...:::i~I ~ ~\ •• • ~ (S, _J •• _J~ < ~ _J < ~ _J 

Ecj = L Ej 
~ ,~~~\ yb wl.L...Jt.o..ll ~ J~-3 43:! 4,.-al ,.;1 •• ,\ ~ ~ _;li ..::il~~'--: 

Y~ ~ '-)L.:i..l'--:3 · ( ~ 3---:! .i,_j lY'L. •. J ~) '? .J3.ll\ _)~ ~ 1 lY't....J ~ yb.:JI 

:_)1..:i..11 _pjll ~ ..::il~\ u-a ~ J5. ~~\ 

EJ=~xtixNi 

~ : Puissance journalière d'un équipement j~ ~~\ ôJ..illl 

fi : Temps de fonctionnement 

Ni : Nombre des équipements 

~lù-"j 

ô.Jr.,.YI ..l~ 

.1.2.2 
< 

c.;...- .cl\Ll . ~ yJL: :i 01.2i.J1 .b 3~ ~ 3 ~ ~ 3p\ ..LJ y.11 ~ ½~ ~ 

U\..bl\ ~fa '?i ,~\ ~) r-H\ ~ ~\ t~)II ~~ 4j~ (?.J3y.all 

-~~3pl ..LJyJI ~3 y~ '?Lli u~I ~ _} ,~ 4.1ù ~ ~\ 

~J 4JL.....:::i)'L: (2.LJ~ ~J L.a3 .Retscreen , ,PVsyst) y~\ ~\Y. o- -':!~\ .)_; 

~ .(yl_fa.JI wlji\~)11) ~y.li lY'L......iÎ ~ wl.a~I o~ :i, a· o.;)J\ '-:-l:!)I ~lya 

~j ~ r--J--l r-/~ L......i .bl 3~ 2.01 ~ ~ Hl t ~)11 k fa c 31 Ji:: ,:;~ 
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~1) ~_?.- _} r-YJ\•/~L .b\3_#7.083 

. (2024)':?J 

Coordomées Géo!;raptiques J Mé~o mensuelle I Carlr: rlœfactive 

Sie Ecole kribaa saadid'El-aria (Algeria) 

Source des domées IMeteonormB.1(1991-2000),Sat •• 100% 

lrractiation Irradiation Température V-11:essedu vent Turbidité Linke Humidité 
gk>bale diffuse rcl.itive 

ltorizontale horizontale 

kWh/mlfroois kWhjmlfrnois 'C m/s [-) % 

J"1vier ~ ~ E::::::J ~ ~ ~ 
Février ~ ~ ~ ~ ~ ~ ...,, ~ ~ @:C:J ~ ~ ~ ·~· ~ E::::J E::::J ~ ~ E::::J 
""' §:=] ~ §:=::) §=::) 1§:=:J E:=:J 
Jun ~ §==:] §==:] ~ ~ §=::J 
Juillet ~ ~ E::::J ~ E:::J E::::J 
Août ~ ~ E::::J ~ ~ E::::J 
Sepœmbre ~ E::::J ~ ~ ~ E::::J 
octœre ~ ~ ~ ~ ~ ~ 
Noverrllre ~ ~ ~ ~ ~ ~ 
Déœmbre §=::J ~ @:C:J ~ ~ ~ 
Année 1663.4 692..0 18-1 2.4 4.026 7L9 

Irradiation globale horizontale variabir.téd'uncannécsur rautre 3.7% 

r-DonnCCSrequ;.- -------­ 
m1rradiationglobalehorizontal 

l!:iJ Teffl)ëfature ext. Moyenne 

r-°°"1éessupplémentaires 
Strradiationdiffusehofi?ontalo 

m Vitesse~ vent 

LITisbidiœLirke 

r.lHt.miditérelative 

r-1,kJitésd"nadialion-------­ 
OkWh/ffll/jou 
®kWh/ml/mois 
ÛMJ/ml/jolx 
ÛMJ{ml/ffiCMS 
ÛW/ml 
ÛlndiœdedartéKt 

g-- iJ Fermer 

_Pv syst 7.4 ~ ~t ,..i.Sfi..., ~ _...JWt ,,.iiYI ti_._.;;yt -"42 •_)~ 

.1.2.3 

u~ ~H1 t~~1 ,., .. ,.,, _;~3~1 Jb..U :l....aJ)UI ~4)11 :;3_)i11 :;~ ~ 

:;~L;:j ~ ~'~·i .. ,\ _;--..:;s.~I ~_;bJI .4-:L.:J ~.Jh ;;~ uya,a,1J\ r-~3 'r-1~~\ 

_,___A3 J,.a..1 11,J.l 4-.......aj')\J\ Ut.hl\ u----.a 1/. 30 ~\ 20 o- ~ ~\.:i..iJ ~\_;.JI 4Jlhll ~ 

• \..1ii..l\ ~ <~ 1 ~ ~ La r" ~y .);! •• 

Ep = (1,2 àl,3) x Ec 
u ~ _; r j)UI ;; J..illl Ep: puissance à produire 

(r~I /1.F'UI .1:.1)1) Sjp,YI ~~l :i.J~Ec: 

.1.2.4 

U..i\......J1-: ..i....J _y,.ll ;; _,JLll ;; _,__j _, ;; ) :i~I ô..l.:,,. )1 (.r""Jl....a..:.J lli _, ~ _J-'-"" _,~I w\..l.:,,. )1 ..i..ic yb ~ 

:~\.:i..ll 

- Ppv Nm-- 
Pi1 

Pp,-: Puissance crête de ! 'installation 

P. : Puissance crête unitaire 

{'\...bill ô _3._):i.ll ô ._)..i§ 

c._,.ll ~_,..l.:.. JI ô j..iill 
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"I,.. •tt 1 _., Il • • .. CIi Ui.lll ~ ~~ ~ ir _,,_ .J.Je-- r 1 ~ • ~1)1 J,-ill 

: c 1 .,l\' 1 J..- ~ 

<)ljâll c)c. ~, ~,~..,1, .l~ - 

Vpv 
Nm,s = Vu 

Vp,·: Tension du générateur PV. 

Vu: Tension nominale unitaire. 

~ ~ J~ .11 yJ! ~ 
C_)l i.,fJ-h_)I ~/ 

.J.,- .)~' ~'- J~ :14.J~ 

~\ j_,..,.;l\ ~ .Jl:lt...ll 4..<.J 1J 
~\ yb 

Ù"" fi J_p..JI ôJ~ t~yb ~:::. ~ ôJ:::.ill 

~y.=-JI ~\ (W) :Ll\.., ~\ ô · )U ô ::.il\ JL...:..YI ~. Jr.', J 

~J=,:i~ôj:::.ill 

Ù"" fi J _p..JI ô J~ x :l.LLll -} ~y.à3~1 cl)YI :::.:::.c Voc 

~y.=-JI ~\ (PV) Voc Jbjl ·_Ail.,~ (j ~ 

l.W 1.t. )J _; y.à J~I 

c;Î ~ ~y.=-JI ~\ 
~ J=.:; ~ ô J:::.ill 

J1+Jl VMPP 
~\ ~lb.; .. -~ c)JIVmpp X :l.LLJ\ _} cl)YI :::.:::.c c.j ~(j 

Jlhi) ·(,>"'y.<"J~\ 
J_p-J]Vmmp 

(J_p-Jl MPPT 

wl:::.l.:::.cj ê"" ~l_jîjl 

:ylj.;,JI _} ~~l~y~I~\ 

,-.::..J~ 230/220 ~\ :::.:::. _fa.JI Jy'.ill ~ 3 {ji ~):::.:::.Jill :Ll\.., ~\ ô . YI ~füS ~ . Jr.', J 

-Ji~ 50:::.:::.jil\ ~\ 

Ù"" fi J _p..JI ô J~ ~1 Jy:;11 x '-?jl_jîjl ~ cl)YI :::.:::.c 
J=.:; ~ ôJ:::.ill 

ô ~\ ô \::..li \..,:; ~1......:..1 
~y.=-JI ~\ c)J (ISC) 

~ J J ~ " ., 

_; y.à J~\ Jb_ll 

Ù"" fi J _p..JI ô J~ 
c)J ~'il ôJ:::.ill x cl)YI :::.:::.c cl)YI ÔJ~ ê"" ~1_jij1 

~y.=-JI ~\ 
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.1.2.6 

:~\_,NI ~ ~\ ~\ .J~I • 

N atr : nombre de string. String : PV raccordé en série 

Ise : courant court-circuit 

S = 2xpxLxl 
!).U 

• S est la section du câble en mm2
, 

• p est la résistivité du cuivre (environ 0,0175 O·mm2/r 

0-mm2/m), 

• Lest la longueur du câble en mètres (aller-retour), 

• I est le courant en ampères, 

• f::l.U est la chute de tension acceptable en volts. 

UAq: Tension du courant alternatif de sortie (220) 

~,~. 

Jp.,,JtJ cl~'Jt 0f: 4..91....w.Jf • 

ct~:>U~y1 ..,;f.#1 • 

t )L, . ,. . 'I . ..'JI Jii!! • l..};..J i.Jf:~·4r~ 

cl~'Jt 

J~\ (JA .)~' ô~ • 

/ onduleur = P onduleur --;-- UA C 

.bJ JÀ220 ",-J J/J:i,J/ ..,;f.#1 Jp, 

ut.., 'JI J.,~ ~,~. 
ST_ 2xpxLxI •. - !J.U 

(1) ... / .. <I .. JI .... lhll -::i,- •• ..•..•..•..• 4...1...J 4 I! )11)<¼ ~ ~ 

(2) _; ~ 3~1 ~ Jill 4.ilS:i •!• 

(1) / (2) = .J~~I ~3 ~ ~WI •!• 
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ui ~ 4..::j~J ~13.l! _)~11 1~ \j~\ ~3 -~~3pl c1J~1 e:jil.a -} ~1 

~ \...a:i .• /) tli.....:::i 4-À L :- ~ ~ \ 4-l.a · · - 1\ ~\ • 4-J.j\..i ··CI\ 4J\..hl\..i :;j . 4-...J ~\ ~ .) , ~ ~ ~ ç. 3 ~ _,...,.... . UA ~ .~ . 3..Y' .) 

~'-: ~\ 4..lb _}~\cl)~\ :;jL;!j ~\~().a _)b,;.,; .. , ~ 4.ilS:i.ll tlli)3 oj~J 

L - • • ~\ J .. -~I\ . ~ ~ • • 'ij ~llil · .c. . ~ .. >.I\ t~)U li.i.l!I -'1r:"' UA 3 i..S P _,......... '-?'" Y.P ~ U~ ~ ~ , ~ 

j 4..lb . ~ 4-J.j\..i ··Cl\ 4J\..hlli ~ :-:11 · 1....u.;.,J • :.:. -:q wli lhi.i t..l:::ù.ll ~ -~ :; · · i ~3 '-?'" ~ .~ • ~3? U (..):!....r"-"' ~.J .. r- ~3.Y .J3~ i..SP 

·t3~\ 4..9.lS:i t U:i) ~ o- 3 'r-t..l:::ù.l'-: ~ 

~~3) 4.......1ili ~~ yWI .J~ ;;~ ~ _} '-?~ t*!.) ~1.îi.:)11 4-...J_J~I cfi 

~ -(4.Jj 7.07 - 4.Jj 36.88) :u,o~l3 J_,_.bll .b~ wlJib~J ~ 3 (:;~ 

~L..iY. u----.a ~yJL..-: :i al..:i..a.11 ('-?~13 '-# "'"'tJI t~~I) ..::..iL..i4:JI e:I.J,, ,ni 

--. ~~~_)~)Il'-# "'"'tJI t~)'I ~fa .J~ ~ RetScreen 

.4.52 

~L.......i 3 J~Ll 3 ou~ ~1 _;-.-..a 3 r ·.h43 :; .JbJ3 ~ 12 u---.a 4..........J _)~1 ufo 
-2r- 4500 _)l_p. ~.J)U ~4)11 ~WI t4i 3 ·UJJ0Jki3 ().:!fa~\ 4Jl....=::i)''-: 
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Veuilezpatieftttt- 0 
loca11ty:ju,.11112115,7.H9'12a:r,2:n.osrn.s1h I Search j 

0 

• • •• • • • 

nents 3D dans le panneau des Calques "-'- 
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Source des données INASA-5SE satellite data 1983-2005 

Irradiation Irradiation Température 
globale dîffu.se 

horizontale horizon ta le 
kWh/m2/jour kWh/m 2/jour "C 

Janvier 12.27 1 10.91 17,8 1 
Février 13,15 1 11.16 18,9 1 
Mars 14,26 1 11,55 111.7 1 
Avril 15.22 1 11.97 115.o 1 
Mai 16,20 1 12.20 120.2 1 
Juin 16,91 1 12.21 125.4 1 
Juillet 17,08 1 12.02 128,4 1 
Août 16.12 1 11.90 128.2 1 
Septembre 14,94 1 11.61 123,6 1 
Octobre 13,53 1 11.29 119.1 1 
Novembre 12.42 1 lo.99 1 113,4 1 
Décembre 12.01 1 lo,83 1 19,4 1 
Année@ 4.52 1.56 17.6 

Coller Coller Coller 

~_)j 603 ~_)j 60- 3 ~\-} ~_)j 1203 ~_)j 120- ()¾: ~\ w.a...J\ (31..fo.. 

-} ~_)j 753 ç.~\-} ~_)j 30 ()¾:La:;~\-}~\ 4Jlhll tU:i) t4.: .ç.~\-} 
f' Diag. des trajectoires du soleil D X 
Fermer Imprimer Exporter Format Changer en Temps solaire Changer en Coord, polaires 

ectoire du soleil à Ecole kribaa saadi d'El.afia, (Lat. 36.8811° N, long. 7.0694° E, ait. 398 m) - Temps 1, 

90 

75 

60 

45 

30 

15 

0 
-120 -90 -60 

1: 22jùin 
2: 22 mai et 23 juil 
3: 20 avr et 23 aoû 
4: 20 mar et 23 sep 
5: 21 lev et 23 oct 

-30 0 
Azimut['] 

30 60 90 120 

.~\ 

.Pv syst 7.4 iJ-"'U_y}I ~~/_) .• , .. JI :46 

~ ~\ ~ ~ Microsoft Excel 2021 J...S.J ~~3~ ~\jY. J~I ~ 

.4b.~\ ~4)1 0::3\_Jill ~\ ~~ ¼L.:JI w4kJI j~J ~ ~\j_r.tl\ ~~ 
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.2.2.1 

~ ,(J~~I :;~ ,j~\ ,:;.J..illl ) ~~ ~~ 3 4....J.J~'-: ~l,:pl ..::il~\ ç.~J ~ 
:4,11 yk 

<,f_,,ll.!l~'.111 puissance~ .!l~'.>lli.1A ~ puissance 
Wh/j de demarage (w) i.. puissance (W) w ,..lall ·~'.Ill 
172800 21600 8,00 21600 75 288 r..,_,., 
1350 300 4,50 300 75 4 y.,_.l> rl..J',,' 
4500 1000 4,50 1000 250 4 u".>'-j"4e- 
4800 600 8,00 600 75 8 ,....,,,., 
3200 400 8,00 400 200 2 "-:-'Y"'l> .l';'µ,.,.,,.w,~ 
1000 500 2,00 500 250 2 ~lb 

6000 1000 6,00 1000 1000 1 -4,,, 
5400 1800 3,00 1800 75 24 r..,_,., r~)l,~l> 

9000 1800 5,00 1800 75 24 ,....,,,., 
2400 300 24,00 100 100 1 ~~ 
300 900 1,00 300 300 1 ,;>J.l.li ,'--,bll 

10800 3 600 3,00 3600 75 48 ,....,,,., ru.lo)ll~l> 1 

900 300 3,00 300 75 4 r..,_,., ÙP<-' 

4800 600 8,00 600 75 8 r..,_,., o~IO,n.) 

33900 puissance nominal (W) f~ 
34 700 puissance de démarrage (W) r,..,._. 

227 250 (Wh/i): Ec ,o;J1.!l~'.>11p,..,._. - - 
25% ~~I o,~j.3\ ti,..;,.II J,!.lÂi 284 063 Ep énergie à produire (W} 

4,52 (!y.li t_l>...;'.)(l .,.,,_i, J.u..!1 62846 PC puissance crete (Wc) 

Ec ~SJe; .. ,J\ ~, ~41 Y~ •!• 
Ec: 222 250 Wh/j 

(Puissance nominale)~~\ o~I ~41 y~•!• 
PN = 33 900 W 

~4)'1 t)iJ)'I o~ y~ •!• 
P=34 700 W 

(Ep) \.e+till ~ ~\ ~4~1 ~\ y~ •!• 
Ep=284 063 W 

(Pc) ~~_,~\ ~\_,)YI <JA ~\ i_,.J~ y~ •!• 
Pc=62 846 W 

CEM385-72 

4Ji9)1\ ~~1) 

~~_,~\ JWI F ~ .2.2.2 
~~_,~, ~_,lll )f;\ •!• 

tY siraj 5BB mono perc _JAi .J~I ~ ~ 3pl c~I 

.b\3 385 :;.J~ 3~ , ~ ~ o- C-~ _JAi 3 /monocristallin 

.(wl.hWl,: 
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, . 
HIGH RET\IRN ON INVESThlENT 

• El«lelent for larpe scale S\Stallotions. 
• 1500V IEC œrtified 
• H'igh parier footpmt reduces installation lime and BOS costs, 

LOW COST MODULE 
• High q!WI)' monoaystallille PERC 588 cells. 

EXCEUENT WJTHSTAHO CHAUENGIHG ENVIRONMENTAL CONDmONS 

have to 1)355 etearouninescence mspeœon. 

Siraj mono prec ~t cyl} ~t ~~/ :47 •_)~ 

_)l:ü...Jt ~~J~ cyl}~ :iil.b,i:: 2JJ~ 

1i}~.JI c;l}il Siradj385 
rv'aximum rated power (Pmax)(0-+3%) 385 w 
rv'aximum power voltage (Vmp) 40,70 V 

Open circuit voltage (Voc) 47,90 V 
rv'aximum power current (lmp) 9,40 A 
Short circuit current (Ise) 9,86 A 
rvbdule efficiency 19,70 % 
dimension 1967*992* 40 mm 
Coef fTemp of Ptv\l\X -0,39% 
Coef fT em p of VOC -0,30% 
Coef fTemp of ISC 0,06% 

Operational temperature 
Maximum system voltage 
Maximum rated current 

-40°C to + 85°C 
1500 V 
15A 

J~l.;~I .2.2.3 
:; · ~1) \..1ii..ll :; · Î · '.Al ,~ •• ~ wlii\...b:i .blii :;~ ,_ J -- .11 ~\ ~ ~ r- ~ (.)¾: ..rY . ... . 3 ~ ~ .J.. .. 

. (···· clJ~I ,wl;) . .b~I ,~'--:pl 
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:.~6t....J.btii4 Li '-Ll~J---11 ~\ .. ~ •• (.)'J ~ ••• ~ .) •• r.l:! 

P :; · )U Ub~I ~~\ 4Jlhll - N ~ ••••• 

~'--:pl :;-*)U ~4~1 t')\j)I\ 4Jlb - 

4-J.j\..i .. sn s : )U ·)U\ AC w lîi.o..11 li:i..11 ,,.... - •• • ..ft->"' ~ r".) • 3 .) .. ~ 

w~ 3 uJ ûL;:.J'-h:JI r"\..lii ~ - 

(~\..b:i....i~I):; ..ill\ ~ · ~\ J---'I ,;;~\ .. · .15.\.:ill .. 4-1.it.:i..ll 4.b.·-'1 .~ .J •• va .J ~ i.,7"Y va r.l:! •• ...F ~ 3 

.~\ clJ)U tension ~\ 3 ,courant .J½fill ,puissance 

:~\ ~lb\ _µ'JI 

~~\ 4Jlhll o- % 30- 20_;+5.Î ufo ui ~ :(Rated Power)J~I ô~ - 

P :;· )UUb~I N ~ ... 

P inverter > 20 - 30% PN 

Pinverter > 44 700 W 

~4~1 t')\j)I\ 4Jlb o- _;+5.Î ufo ui ~ :(Surge Power) J~I t,)li)'I ô~ - 

4-J.j\..i .. q :; . )U •• • ..ft->"' ~ 

P démar/inverter > P dérnar/appareils 

P démar/inverter >34 700 W 
(~ · · · C'I\ \ ~'\ 4Ji\ .. • -:=::_ -:t\ • ~\ \.û~) ~\ J -- - t\ .. y.,,a _,~ C: ~' e-- ~ U4 ~ ~ .. . .) _,_.,. 

_} 4Ji011\ 4Jlh;JI) Growatt Hybrid lnverter Single Phase lOKW J~\ .)~\ ~ 

. (wwyJI 

•< 
.J½fill ~ _J .b\3_# 20 t)ljJ :;.)~ _J .b\3_# 10 :;.)~ 

5 ~~\ u~3. 240V ~'--:pl :;-*)U r-J)UI AC y3lîi.o..ll 

.wlbl~~I ~ '?jl_jill ~ ~Y 
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Growatt Hybrid lnverter Single Phase l OKW 

caractéristiques onduleur ~--~ 
PV / Voc Max (V) 
pv array Mppt voltage range 

Input oc I PV start voltage (V) 
Pv array max power (W) 
nb track 
Ise max/track (A) 

1000 
80- 550 
120 

15000 
2 

16,9 
nominal Power (W) 

Output AC IAc voltage (V) 
Max output current (A) .__ __ __, 

10000 

230 
15 

.2.2.4 
:4..Jj · .. c:q I J~\ j~ ,J -- -1\ ,;;~\ .-:q · -,:;:_-:q ~ ~ Ll~ .. ~ 3~ ( Y ~ ~ l,,J" _,..,. UA ~ .. . 3 .. . 

N Pc 
panneaux= p 

p 
62 846 

163= Npanneaux = -- 385 

cJ 163 clJ)U <)3~1 j.a11 

.2.2.s 

163 
319 
51,49 
45,10 
38,87 
422,54 

362,48 

19,42 
3,09 
3,43 
38,96 

17 
2 
34 
5 
164 

320,42 

JJ~li.)..WI 
('r} Lly)U ~J~I ,b.l.w..)1 

VocTO 
VocT40 
VmpT40 
Pmaxo 

Pmax40 

( >l.,:;w,11 Je,oJI \.-->) .w~I, rt,'~11 :,,J.s. 
t.,I....L..;JI ~ <5"'9~1 Ll~I .)¼­ 
t..l....L..;JI ~ J.)~I Ll~I .)¼, 
l,?},;ll~~I Ll~I .)¼­ 

J~I hJJ.9 ~ <5"'9~1 L1j:i11 .)¼­ 

J,:,w/ .J.w.AJI .w~l j rt,'~I :,,J.s. 
~l~Ll~l.)¼­ 
l?jly}I ~ Ll~I .)~ 
Jyu ~ c1J:i11 .)¼, 

u)l~b¼­ 

J~11cl~I.)¼- 
!2 i>l c1~1 .b.L...o 

Max Nps~I ~ c:1.,DIJ ~\ c:l.,lYI -l~ •!• 
Max (Nps) = Vmaxinverter 

V OC(OC0)panneaux 

Max (N ) = 1000 
ps 51,49 
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~I ~ c.,l 19,42 _JAi ~~\ j~\ 

1 ()~1 J_p-Jl 1000V) ~"li J_p..JI ~ , V max inverter 1 

1 ()~\ c~51,49) ~Jj O _} :l..:..jiiJI ô).).\\ _} cl)YI ~ :Voc (O°C)panneaux 1 

~ 1 

Min NpsJ •• ,J..,;J\ ~ c.l_,DU ~~YI c.l_,lYI ~ •!• 
~~\ ·W\ J -- -1\ L• >"'.I • ,,... ·J J ~\ : . .1 _1...,u -.:L-: _ "j~\ \ _I~\ j~ 

".F 3 ~ ~ '-? .J3~ ~ (S 3 (.);:-""' . ~ (S C _,.. 

c)ll ~ yk ~ ~ 3 .:;)_;.:JI ~.Jj tlli.J1-: A......:::il..bJJ 3 ~\ .)#:i .Jl+ic~I Y.?-: 

~ cl))U ~j~\ j~\ yk ~ ~~ ~ 3 40°C "5y.asll :;)_;.:JI ~.Jj ~ Mppt 

.J~ ½.J3fa ~ ~ ~i ~ 
Min (Nps) = Vmininverter 

V mptt(40C0)panneaux 

Min (N ) = ~ ps 38,87 

: : 

. ()~1 J_p-Jl 120V) _;,jY\ J_p..JI ~, V min inverter 1 

··-···-···-···-···-···-···-···-···- ( )~1- c,Jl - 40 .. 7).40 "C _ '4- ).>li ... ~ Mptt C 1 ,J'l'I. '<->.' V mptt. 140"C)P"""'""' J 
~' ~ cJ 3,09 _JAi ~j~1 j~1 

Max NPP t.iJl_jJll ~ ~\ c.l_,lYI ~~ •!• 

.J4:ill UA J~I ~ _;li "5y.asll ~'--: ~ (.jJljill ~ cl))U ~~\ j~\ 

·cl)~\ UA r'jl.sl\ 

!SCmaxinv 
Max NPP = 1 se panneau 

1 (.J~\ ji_)..i)\J 120 A) ji_)..i~\ ~ .)½!J ~: ISCmaxinv ! 
1 (.J~I c)l 9.86) c)l ~\ .J½!J :Ise panneau 1 
1 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .: 

200 
Max Nps = -

9
- = 20,28 
,86 
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:J~I ~ ~I ~I ~1_,lYI ~ •!• 
P PVmax 

MaxN =---- 
P P panneau 

15000 
Max Nps = 385 = 38,96 

~_,1 38,96 J~ JSl ~I ~1_,lYI ~ :~} 

J~/~1 .. bull_, c:IJ'il ~ •!• 
17-16 :~1 ~ c1J~1 j~ 

2 :'?Jljill ~ c1J~1 j~ 

(cJ 32 :w~~ 3 'cJ 34 :().:l~) cJ 34-32 :J~ J5J clJ~1 j~ 

5 :w~_p..JI j~ 

cJ 164 :-)4)11 c1J~1 j~ 

o ~I ~L .. c,1 o · :'il "1.b:i · ~::--:11 .) .•. .;,e-- Je+ ~ (.)A ~ .2.2.6 
=~ . :; . ~\ .. Lb:i . .15.\.:ill •• .. UA~ 0-: UA r.l:! 

puissance wl.J..illl - 

Courant .J½fill - 

Tension~\ - 
.. ll::û.11 ~I J.?..o.ll .::.ilbl_jl.J,~I (.}: 

:.::.il_;.i:ill 

~ Pn X 1,3 J_p..JI :;.J~ :;.Jis,l\ l}<l % 30-20 < J_p..JI :;.J~ 
33 900 * 1,3 (out) ~Lu~Sll :;~)U ~4)11 

44 070W 50 ooow 
~ *J~ J5J e:1)'11 j~ ;;.)~ ;; .)~ l}<l < J~ lS ~ I :; .Jis.l l 

:; .Jis.ll (in) J_p..JI J~~ ~\ ~\ e:1)'11 
34x385= 13 090W 15 OOOw 

ulll _) .. 
~ Npp X Ise e:1)'11 .Jlj:J < J~ ~'JI .Jy:tll 

2 X 9,86 2x16.9 A 
~I 

~ wl~I J.i.i,~W * 230V 01 ~ Y 31J:i.J 1 .J'-:i=ill J_p..J 1 * 
~~~\ wl~I ~ * .. Lb:i..i .. . ~0.l .. 
220/230 ~~~\ 
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~, ••••• ~JI ~4_,.Sll ~lSll ~ .2.2.7 

J_,:-11 _, ~\_,}YI ~ ~\ ~ •!• 

J_,:-11 <>' ~l.. ~_,~\_,}YI~~ .)~\ o~ y~ - 
-~~ JSJ C-~ 16-17 u.a 4..ifo ~ JS -½b 3 ('?Jljill) J~L: CJ#..~ Ll:!~ 

.~L JSJ :;~13 ~ (Ylt...J ~ u~ dL.JI ~ Y~ ,.u.a3 

1=9,86x 1 =9,86 A 

~1t~4 - 
/J,.U = 2% X 17 X 51,49 = 17,51 

fa 20 ~, J_,b - 

~\~y~•!• 
p X 2L X 1 0,0175 X 40 X 9,86 

S= /J,.U = 17,51 =0,4 

2r-" 1,5 ~ .J~I dL.JI u~I ';, 

( o.,;.+'JI) ~\il\ _, J_,:-11 ~ ~\ ~ •!• 
15A :J~I o- ~ .•. afilj-:fi)I :;~ - 

~lt~~ - 
/J,.u=EX U 

/J,.u= 2% X 230 = 4,6 
fa 5 dL.JI J~ Ll:!~ - 

p X 2L X l 
S=---­ 

/J,.U 
0,0175 X 2 X 5 X 15 

S = ------- = 0 58 46 ' , 

~\_,l'i\ ~.,.. .2.3 

~ ~_;li ~~ 3 clJ)U ½.J3_;...à.ll ~w1 u~Ll:! ~3 clJ)U ~.,.. cl.fol ~ 

:y~I 

~3 ~I -.::..iij}il _} J,l:JI ~)til.l _)~ ~ ~l..J.I ~ J}il ~ljii'JI • 

. :; ~I r-'-/J.1 J)G.. ).h}'il o- 
~ _)~I r"W)U :; 1 0 1 O' JI ½li:JI ~~ ~~, ~ 1 jii'JI • 
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:c:l.,lYI ~Jj •!• 
.PVSyst 7.4 ~\jY. :;t.5.b...a ~~'cl)~\ J.:..a3 04-,:il _)~\ ~ 

~ j Û w.a....J.I 1.Ak...:i\ ( "j~\ .l:J\ ~ t~~\ · .C la~) ~\ I : . _j \j . .1\ ,-;i, . _) . (S (j~ ç. ~ ~ ~ ~ (....,....-;. 

.Ji.a~\ '-5~'-: 4.,j.)1.s.a 1/.o.o LAI_)~;;). ..•.• ~ 0La......:::J ~_)j 52 O_)~ l4-a3 
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Ji.a~\ '-5~'-: 4.,j.Jl.L %8.3 ~ ~\ _} ;;). .•. ~ ~J '?j3:! .ui UA r6)1 ~ ,J.:..JI \~3 

w~~~\ ~ u~ ~\ _} .J#JI t~)'\3 ~jill 9tsJI j~~\ uÎ ~J ,~yJI \~ 

.(57 ~1) 
f" Orientation, vanante 'ts:ouvele variante de Sli'l'Uation· D X 

Type de champ I Plan incliné fixe vl 
Paramètres du champ 

lnœiaisonplY10.,0 

AzmJt 0 .. 0 

lnclin. sr Azimut O" 

L Ouest 

1 
S"d 

_f!t 

Optimisationrapid------------------------------~ 

lmsalion par rapport â 
0Irradiationanrw.J~ 
0 Eh! (Avr-~t) 

® iiv~· (6ct~tl1 

Météo incidente hive----- 

Factax de Transposition 1.11 

Perte par rapport â Toptinun 0.0 % 

Global SIS~ capta.n 2020 lcWh/mJ 

1.20 
1.0 

06~~~=~~~ 1 0.6 

0·6o 30 sO so 0·~oo .60 .30 o 30 so 90 
Inclinaison plan Orientation du plan 

1.0 
Hiver ------- 

1 x- Il 0( 1 

.)W:i....i'J\ ,lj\c, ~.li:i .2.4 
:;Llü.J) 4-l,j • . .(1\ 4J\..hl\ \.:i..i\ ~ ~~\ j\~ .. ~ _, . ~ : . 1 . .. ~3~ ë: , . .J ~ r ~ ~ ~ 
~(J---1\ 1.1~1) \..1ii..llwl~ ·L-1.11 \\ .. ..i.i.11..5.:i..ll 1::L 1"4...1.ib...aç.li··'" I\J---:11 3 ~ 3 C -.,. r- u . r- ~ .. (_),:l • 3 .. . .~ is: ~ 3 

:;~ ~1..5.:i..11 ~ :;~ ufi:i u1 ~ '?~ t3~1 ~ ~3 -~ ~1fa1 ~ 

.wl~ ~\fa~\ ~\ UA~ La fol 
:i...il5.:i 1- ('--l...1.5. .-:I\ w\~1) ~~\ :i...il5.:i .... · .c-: jb .. ~\ ~ wk 4-.fu · '- ~ ... ? 3 .) ~ (.)_,.... ~ 3 . ....F 

. ~1 b J)G.. ...::..w1i:i..11 '.Al ,~ -:11 4J\..hll 3t ... ...r3:!~ 

o.;i_,.JI ~4.;tSll ~ ~.li:i .2.4.1 

3A us t4-JI ul5..! 4-...J_J~ ~_Ji.JI ~411 ç.'-:pl :;_)_;ij t4-J ~.):i3 '?Y..~ Y~ w 
.4-1.J\ · ~ ~ ... L 50 . .Z:C:\ -~ o\JJ J .l:J\..i . ~ .. U~ UA ...;---a -T' 3 .. ~ya 
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LS~l ~ J'.>Wl 1~ a..Jb)ll •. L>~l O)~tg ~ J~ 
20452,50 ] 

4~~ 3~~ 2~~ 1~~ 
19453 750 125 125 (KWh}~I 
5,48 4,81 4,18 1,78 (z:)) l.5_3.b-yl~I 

106599,70 3 607,50 522,50 222,50 (tranche) 'bu,.;,/ ~1 

110207,20 745,00 i'r'JIJ.3.\J~I 
19,00% 9,00% ,.....,)1 

131146,57 812,05 ,.~)1~~1 
131958,62 ,o..,.,)1 ~ JlL.~I f~ 

164,16 41/û rr'J 

100,00 ~~l~~Û~J 

- -~l~,-2> - 
132222,78 J':jjjif ,o..,.,JI if tu .~I ~l 1 \l.o 

528891,11 a:-Ji/r~}i .§~.;:,.:.-Ji ~I jl,o 

.2.4.2 
. '?->'\Y->- JLl:lj ù~ 9,5 Jl_p. ~\ t4-JI J...<,3 ~, tJ~I 4.ilS.l (,F_fo J:l~ lLl 

[Jy:,}I Li)~: 5UJ~ 

J~~l_,-JI ~j.1>yl _,-JI 
1 

(~.>) (~.>) ~I 1.JIJ..u.ll 

d..:0_9-,0~1 t'J-1~1 
7 380 000,00 45 000,00 164,00 385W 

1175 000,00 235 000,00 5,00 10KWJ~I 

820 000,00 5 000,00 164,00 r'J-1~' Job 

17 000,00 17 000,00 1,00 µ,;'(.!)> 

10 000,00 10 000,00 1,00 B~~I 

22 500,00 4 500,00 5,00 ~}'~ 

20 000,00 20 000,00 1,00 ~~ .9 .w:i~.H J.9..u.,o 

10 000,00 10 000,00 1,00 ~ Llli~ ol..u..a . ,.,, 

9 454 500,00 pWlf~I 

Retour d'investissement _;~"il .lbfal 'ô.l.4 .2.4.3 
:;~ • ;, -1\ :;~ 1 J~\ · .... ~- ~ 30 If 20 .~ ~, / -DU · I ..• ~y/ · -- If c-- ... (Y ~~ '-5'"'; J"'.. CY- ~~ ~ 
ui ~J ,~~ :;~ ~1 _} ~ ~1 c1J~1 ui 0.a r6)1 ~ .L4b 40 ~J J...di 

.ç.L:~ ~J ~1 4Jlb J.:_p.:; _} ~w ~i ~ LA.a ,01, ;.,a, ;J"' 4-'.iç.US.3 4Jlhll ë":ti..iJ 
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~3 .L4b 15 ~J 10 ~ La ~\ _} ~ ~ w'l~ ~\ w'l~ ~'--: ~ms 
J....di :;~ 1 .. ·--. ~ • i •.C .. ' • ~\ 1 1 --1\ • .l.J~I ... >.I\ J -- .1\ t . ,_ < li.i ~ ~ U ~ i..S ~ (...I.A _,,.... UA ~ 3 ~ ~ Y ~ ç. • 

-~ 18 Jl_p,. t3_µ1 jbfal :;~ Û.)~ ~_j ,L4b 25 ~J 

w~ 
~LJ 1 -~ ' • • .C l.l:::ùJ 4.J · 1.:.:1\ 4.J.<1..1.0, oll\ 4.J.J~\ 4-.fu · U\ 1 ZI\ \~ . ~ ~ 3 . . ~ '-.r~3..ft""" r' ~~ ~ ~ 3 ~· ~y=a ~ ~ 

yk ~ ~~\ _} -~.Jw ~~3p\ ~fl\ f'¾<" all ~_;hl\ -wtAI ~ W lAI~ o- 

~\fa')\ ~\ ~\ ~ ¼~ :;~ fa ~ 3 ~ 18y Û.)~ _j t3~\ jbfal :;~ 

. r'\..1:i.ill 4J fi.JI wl ~ 
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~W\Wl:JI 

4..4l,J\ WWI 

. . :Lai.A ~j1.......::ü§\ Â..w.i ô jL.l,.Q Â...lj\ .fui ;;......, ~ ~l.J ~ < • • • < \.J;.j ~ ~ UA ~ .J ~ ~· .) . ~ . .) . . c.,r~.J..ft'"'" {" ~ ~ 

t-4 {"\.full \~ ~\_J ~_;J\3 ("¾O· 01\J ~\ ~\__yJ\ ~ W ,;;.....,\_).li\ o~ J)G.. 

. ~j1.......::ü§')\ 3 :.i Ji9,I\ u,-::û\....a.:JI ôk. 1 y 

~ ,li\..bl\ üh~ ')\ JW le" ~. .1. . i ·.<-. ~\ 1 J~\ ~ ~ . i l - : l\ LL ~.l\ .• 1:.\ ~.r . ~ ~ ~ u ~ .. C Y ... y u ~ ~ ..ft""" 

j\j_jl,..,\ ôfa ùÎ =4JWI ;;......,1_).ll\ ü~Î .lii .~j t-4.J ·~.>:.fi.JI '+io· oy ~ t-4 ;;......,_).l.ol\ 

h\J ùÎ ~\ 04 ,~ ¼fa 3~ j§ ô~I o~ ùÎ ~.J .Lok. 18 ~ t3y:;..JI \~ .J~')\ 

.:.i...û.i...JI Î UW\ ~Lill · ~1 ,1 .:- .~ ~.11 L .LI\ ~\ 1- Ôj_i~\ j,j\ _;I\ ~')\ · ~ ~· .J ~ ~ UA y.,, ~ ~ '-r-' U:!.J-=-' i.S ~ ~ Y'-' .) . ~ 

~ -r-J\ ôjL;ij ~ _;~3fil r\.full ~\..u:i ,~_J3\..b1\ ~ts::J\ ~ ~4- ~J ,t3l)I ~ 

.u\.! .~j 1\ :ü~')L .Ôj~\ :ü\..bl\ :Lai~\~\ l.J~ J ~\ . A-; ••• Al\ il.a~\ < I..S", < • • _J •• •• ~ ~ _) ç-:-- _J ~ 

ùl~ ~1 ~Lûi ;;......, ~1 ~ lA..o ,J; -- 1. ~ ili..l.11 i..::.i1 ·w1 i..::.il.'.:ibl ~ · · · ê'4 1.$"" .) • •. ~ . ~ .) • ~ UA .)~ 

. · u..J\ · ~ wts...J WW\ C ~ ~ 

< 

~\.S:j u:~. . 1 ~ ')\ • \...::..JI o~ i~ . j=-. . ~ . .. ~ 4..JJ .:. 1\ J .li\ . ~ ~ -F .) ~ Cj.J u...o i.S.J . UA . ~ ~ . ..?-" .J -,r 
·.J~'ll jbfal ôfa ~ ~ ùL.4.\1..u:i j§ ~~us Ôj'-:ij3 ~1 c:IJ~I 

jj\~1 ù}! ,-ûk.ly ~ J.ok. ~ Lok. 18 w411 _)~'li jbfal ôfa 0i ~.J 'r~I ~ 

Â...lj\ .fu\ ;;......, ~ ' · .• < \.J;.j ~ ~ ~ · L - -: L . LI\ ~\ 1- ~\ :.i...û.i...J\ ~ . .) c.r ~ .J..ft'"'" r" . ~ y .J ~ UA ~ U:!.J-=-' i.S ~ .J .. .. .J . 

,J ' \~ . . . ~j,J t · ~ .. I\ \~ .ô~ A..J ~i <.1 ii.ùil.l ~l§ _bii 1 _Jy,.,.,o _J {" ~ ~ ~ _J...)""""-' . . ~ .Y' ~ . .. . I...>"'*' 

.~~\ <$..J31..b11 Jyûll ~ ..blfa'll ~ ~.) _;111.5.ft~I ü~yJl 4.jyi-ï ~.J 
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(..)"" .)L. 13 r' ~ ½le tl,bl ü.i fa'j\ ~ ' <<;;..)~\ ül!lbl\>> ;; y,JI ~ y.,, y,.11 Y~3 .1 

https://ar.wikipedia.org/wiki/2024 

~ <<1.A.J3j 3 ô..)~\ ül!lbl\ >> 4.1::-.fîl.Jw,'il üLI.J..ill (,,r.y.11 ~I.J..y..i..11 j5.yJI .2 

https://democraticac.de/?p=55341 2024 u.o.JL. 13 f'~ ½le tl,bl ü.ifa'jl 

2024u.o.JL. 17 ½le tl,bl << ~lyl 3 ~\ :i..§\..bl\>> A...,~\~ :ü~\ ~4,. 

https://eng .uokufa.edu .iq/archives/23100 

13 1 · • 4...l1c • 11-\ ü.i ···~\ 1~ <<A...J ·--1\ :i..§\..bl\>>;; ·- 11 ~ .1\ 1..J.l.u& f'~ .?Y' - c- .)-l-l, ~ ' -~ ~ Y"Y"" 3 

2024 (..)"".)L. 

https://ar.wikipedia.org/wiki/%08%B7%08%A7%09%82%08%A9 %08%A 

0%09%8A%09%88%09%8A%08%A9 

~y:.) ~l..û.....o..11 ~\ J:;. ~ ~\ ~Lo.:.. ~ ô..)~\ :i..§\..bl\ ~\ , J:,..L ~ ,~lb ~ .5 

2024 u.o.JL. 27 f'~ ü.ifa'i\ ÙA205l.r"' ,06..)~\ ,~\.,JI ~ ,(4iWÎ ~_p..:j 

https: //www .asjp.cerist.dz/en/article/10369 

.3 

.4 

2024 u.o.JL. 27 f'~ .2.IY.-"'\.il\ ~<< ~WI :i..§\..bl\ >> LA.Jj~ 3 :i..§\..bl\ .6 

https://groups.google.com/g/energy-management-in-buildings- . 7 

/cjVHxGYPIYij8/m/oOuPicw01-0J?pli= 1 

ü.ifa'i\ (Y'<< Ô..)~\ :i..§\..bl\ ül~ 3 ~~ >> Ô..)~\ ül!lbl\ .8 

http: //energie-ronouvlable. blogspot. com/p/blog-page 22. html . 9 

ü.ifa'il (Y'<< Ô..)~\ :i..§\..bl\ üy,L 3 ü~4-:11 >> ~1.10 

https://www .alqabas.com/article/410664 

2024 · 1 · ,ilÎ 20 ü.i -·~\ . << 4-.Jj . · • <I\ ~\ :i..§\..bl\ \...b.i ûLl .< .~> t . .11 U:!.f f'~ y.i (.)A - ~3~ - f' ~ ~Y' 

https: //mawdoo 3. corn 

4..l.u.L'il üb < -11>> · -'L ~ j\~I · ~I :i..§\..l:JI . I.:.\ . .J ~~ I....J\.jS •• 12 - ~ c.r"~ i ~ 3 UA , ï"" ~ · 

2024 ,ci,q 2 ü.i -·~\ . 1. . "'. << A..ûl .q ·:~11 ~ I.,? ~ r' ~ y.i (.)A (..J;:A..:>o..l - _;r Y"-' 

ü.i fa'il ÙA << ~\ ~>> NasrSolar .13 

https://nasrsolar.com/%09%85%09%86%08%B8%09%85- 

%08%A 7%09%84 %08%84 %08%A0%09%86 

https://www.voltiat.com/inverter- ü.ifa'il ÙA<< ~lyl 3y.fa'i\ >> ü1/J.J3.14 
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HIGH RElURN ON INVESTMENT 
• Elccelent for large scaJe ilstallanons. 
• 1500\/ IEC œrtified. 
• H"igh power footprill reduœs · 

LOW COST MODULE 
• HighquaflymonocrystaUinePERC 588 eeas. 
EXCEUENT W1THSTAND CHALLENGING ENVRONMENTAL CONDfT10NS 

,tion time and BOS eests, 

• 35nvn ha.il stones a: 97 km.'h. 
• 2400 Pa vlind load and 5400 Pa snow load. 

EXCEUENT DURABLITY RELIABILITY PERFORMANCE 

• Excellent PID resistant 
modlËS have to pass electroluminesoenc:e inspection. 

ISQ IU.*QAFMTSYSTEMCSfflACATES IS090012015 15014001 2015 

® Pfl00UÇTCSfflACATD ltC6121S-:2016 ltC61730·?016 

FACTORY 

Tho 1nclJstn'II Zono d Boulcor.>M, N 4 
0,olghou-n El Aid, t,il:I, Algcri:s 

POWERRANOE 



w 
Moduh, drnc,n,iia, 1967'9!t2·4Q nvn 
Numbef Clœl~ 72 
Wei~l 2J~ 
CeUtype PERC t.lonocryst;,lin<1~ M2 œll,; 
Glllr.ls 3,2mm U:ielu'l!!<l& ru11y tempere.J 
Bi'1Ck&hll81 Wt"rte ~881. (1000V) 
Fr:amo Al\Jmm1i.rn 

Jbox IP67, 3 diodr.,; 
C.,blc,,; 4rnm'(t6()0V) 
C<Jnnector <AA,10 (1000\1) 

-0.3.9~/'C 
Tem!"'_r.>lun, 00:fflCP-llt al VOC -0.:10~/'C 
Temperature 00:fflcli!nt or ISC o.o60':4J•c 
Nomr1ill Oper.rlon!] C81 T emper;;1ure (NOTC) 

925 320 37!> 

•• 1Axffil.lm n.tiiid po-ar.i V, au~ 380 31~ 
tPma•l(O •S%) 

BTC PA~mum pcrNer voft~ge (Vmp) V -<() 70 ,o.63 ,o.~ 
(spc,clrum cl AJA 1 .5 Open C"r<:Ul YDl\a~e ('\loc;J V .• 7.!Kl •7.78 •7.62 Ir.dot.on 10:>J'lfll.l 2 

...,aatom;nll'ïJluro 2~~) PA.:odmum po'NIIU C:UITGtU: (lmp) A 11.4 9.29 9.22 
Shon .,;rc~il eum>nl jll>r.) A !1.86 9.83 976 
PAodula efflc:fencr % 19.T 1!1.5 1!1.2 

U31itnum rttitJd p<,w.y (Pmtx. YI 286 2R2 27!1 
NOTC 

38.7 (Spec.1.nJm Dt MA 1.~ !A<PJmurn IJO'""' Yaftoge ('\lmp) V 38.2 JT.T 

--· 00<111, •••• , 2 Opon ci.,..il van~g• (VOCl V -45.5 L.<.9 L.<,J 
Colllffl"~e20'C MQa.Ïmum powAr t:uffAr-' (lmp) A 77 7.6 7.5 b'>d ,,;nd ~ tmf&) 

St,0,1 ci,c.,;1 cv...,014h;c) A 8.12 6.01 7.91 

~ 
~ 200 , < ,,....<:\\H :. 1 '..>.> .'..> ~ 

100 

Volli,ge(V) 

STC: 

NOCT: 

trramanœ 1ooow1mz 

trradlanœ aoowrm2 

Cel TemperatuHZS"C 

Ambl81ltTBm.perarure 20•c 

AM=1.~ 

Ai\1=1.5 '-.if WIM Spe9d 1mta 

31, 0ocip Mameba 0rarla. Al~. Al!11)ria 
TIii: •213..23.33.06.42 
www.mlllac:fH2.com 

TI,e ind1J5'1riatl Zana of Ba....,r.ma, N 4Jl9, 
Chel!,f,oum EJ Aïd. Mil:,. Al9"f'II 



Datasheet SPH 6000TL3 BH- SPH 8000TL3 BH-UP SPH 10000TL3 BH-UP 

UP 

Input Data {DC) 

Max. recommended PV power 9000W 10500W 15000W 
(for module STC) 

Max. DC voltage 1000V 

Start voltage 120V 

MPP voltage range 120V-1000V/600V 80V-500V 80V-550V 

No. of MPP trackers 2 

No. of PV strings per MPP 1 
tracker 

Max. input current per MPP 13.SA 
tracker 

Max. short-circuit current 16.9A 
per MPP tracker 

Output data{AC) 

AC nominal power 6000W 8000W 10000W 

Max. AC apparent power 6000VA 8000VA 10000VA 

Nominal AC voltage(range*) 230V/400V (310-476V) 

AC grid frequency(range*) 50/60 Hz (45-SSHz/55-65 Hz) 

Max. output current 9.lA 12.lA 15.2A 

AC grid connection type 3W+N+PE 

Battery data {DC) 

Battery voltage range 100-ssov 

Max charging and discharging 25A 
current 

Continuous charging and 6000W 8000W 10000W 
discharging power 

Type of battery Lithium battery 

Efficiency 

Max.efficiency 98.0% 98.2% 98.2% 

European efficiency 97.3% 97.4% 97.5% 

General Data 

Dimensions (W / H / D) 505/453/198mm 

Weight 32kg 

Cooling Natural convection 

Protection degree IP65 
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