Fgs .9 I pladiu

Al g5 L g
duuqdll AU -0
AL guatll gall Aaliall delal

Ao 1
Ole o ke (e Jawldl e .o

Galidly Aol 2Nl bl Cas alul



&?@m@m@ =7 fl JSOJ] OIS,
50 Ja lned g Il LTS Eon izt oy
EIGUI IB2ig il gJle

2ol 20K G 6 [t
SgprontillJia Byeutil  Jobies
126 ol ol o Js g8 eygec,
286, olljEetes
326, sl
836,205l

el S )@ (FYEEW
299 (= (B B o]
Joge 86 onll ol Sl S @ fis b6 guog



http://alexandra.ahlamontada.com/
https://www.facebook.com/ali.moula.589
https://www.facebook.com/alimoula61?ref=hl&hc_location=timeline
https://www.facebook.com/pages/%D8%B2%D8%A7%D8%AF-%D8%A7%D9%84%D9%85%D8%B9%D8%B1%D9%81%D8%A9-2/424570500927028?hc_location=timeline
https://www.facebook.com/pages/%D8%B2%D8%A7%D8%AF-%D8%A7%D9%84%D9%85%D8%B9%D8%B1%D9%81%D8%A9-3/355908257813942?hc_location=timeline
https://www.facebook.com/pages/%D8%B2%D8%A7%D8%AF-%D8%A7%D9%84%D9%85%D8%B9%D8%B1%D9%81%D8%A9-4/112702845540678?ref=hl
https://www.facebook.com/pages/%D8%B2%D8%A7%D8%AF-%D8%A7%D9%84%D9%85%D8%B9%D8%B1%D9%81%D8%A9-5/325589660862112?ref=hl
http://www.scribd.com/my_content
http://www.gulfup.com/ucp.php?go=fileuser&id=36975
https://twitter.com/alimoula2
https://sites.google.com/site/alimoulabooks/

3.8 pgall 5,301 13
drwedad) dalall ~ye
A il gall ddttall detall



Piadzaly Lol 2u¥) bl Aall) Ladall Zoull

Uslilf dosea 3
L_g:ulill DA 3
csiteldl doses 3
i 3

Gl pem de
) L_s-L:.n:H f.sl:- 3




R
dosill duypll dolaiol

IR
Py .9 & pladiu

M\.U.gé." 3)-.\3." J:L‘g:i
“M| datlall e
M;a:'dgd! Adllall delal

dep- i

o
Loy pllo le dauldl auc
O

daxi)e

..
Ll Jic doxas
ol Hliadt o

-y -”»

j 1)ed
éryall & | Silwly> j&50 s
é | 62l
!



Lo oL, alliabellioas) Y ladfin, 42l
.3 R CJ'I-:I_-‘-'-A r.JT_,'IJS

Olas [i3 a0 ol Blal) Ladall cd ot Zo0 oS00 5l 48 2
Lop dast dnod o €O S pllo (Lo bl s da 5 ¢ 591 8. 8
 Jmeth et

(2 ¢BUal) - Lolizey dogedt pud SE) _ . Lo 445

427 _ 403 Lo 1L b sl

cor s Jo Jerts

ISBN 978-9953-0-1996-3

PRV P SURUPR T JFC ) TR A PP <L [ - AN T3S [ |
Seedh dop dast Ll L p (e 20) pllo (fe bl s
J 4 IO O | I (C'v-'l}a)
621.31

Sogall s Y A da b 5o il of Y
Ciey LS oy pudt dadiclf Lol lald} o0

Krauter, Stefan C, W,

Solar Electric Power Generation - Photovoltaic Energy Systems:
Modeling of Optical and Thermal Performance, Electrical Yield, Erergy
Balance, Effect on Reduction of Greenhouse Gas Emissions
© 2006 Springer - Verlag Berlin, Heidelberg.

13 pam Byiz p2dly 2y ol 2o Gyt pan ©

TPRERRY.. -\
113 25996 ;v . yo iyl GL.‘- ckLagll L
Ol _ 1103 2090 oy, — o yad
(9611) 753032 =S [ (9611) 753024 _ 753031 : L ala
e-mail: info@aot.org.lb - btip://www.aot.org.lb

Lol Baom gl lal 0 55 10 558
113 _6001 ;v . jo cijpadl g Lol et Gl
Ol _ 2034 2407 &y ol
(9611) 756086 _ 750085 _ 750084 : il
(9611) 750088 : ;o5 / uyym -ty o0 Uiy
c-mail; info@caus.org.lb - Web Site: bitp://www.caus.org.lb

2011 (o 0) S ey e o SN dakad




LT e s e e r.g..li:
21 ettt et sae e e en e eee Loged
25 et et een e edl 515 eS U dasia
<3 OO b Olayaa S0 dakia
1< JOOTOON Lliadl 1Y Joad
< LR Bl altal) ISgz¥ 121
37 e, QLYY ol 3 0 31,1 ST 8 llaidl 22 1
SOUNC gL L W PPRON P PPY ER WO [ |
39 st PR
45 oo, 0 g S st 6 i el 2] 42 1
46 oo sadanzell y Lkl Bl jalae 51
3 SOOI el Jygoni 6 - 1
B4 e i paadl 43y Jall 7 21
54 o g 171
B e e 395,027 .1
55 e O3l 371



3 A 15 g gl : G il
5T ceeeererecereeiserieee e ess e esienens P EAWE )
B0 eoceoernceer ettt eer e o eyl 3k 2-2
. SOOI i il 5,013 2
B9 oeoererceee et amﬁ\;,.asw\l_s_z

£ N, Sl Ly, 8l 1.1 -3 .2

T3 e L.,S’J'q..ﬂjlf}ﬂ olsgla2_1.3.2

g 2t e 2kl bl 3 1.3 .2
LI @3l e dlazad) Juddi4 1.3 .2

T ceveeierereeinr e ere et eee s LSS attasdl 2-3-2
[ Sl peatacll 1232

TT ettt s SbYI Sa52_2.3 2

£ SO Sl el 3.2_3_2

80 ... ol Gy b b it pid yilt wludgalt Jatlax 42
82 oo s A il e glirll S 5 5 -2
S 4 poddd ytll Jiadl s hadll 62
BB oveerrereenrenreens s a;ﬁad,bmauqi‘}um_z
2 2 32 gusd pdll (3 gou ka7 82
97 ettt 3L e sl e fadlt
97 e st JEraadl fntad 13
7 SOOI LU, ¢Sl A i clSle 23
105 .o ity ¢S sl gl gl 3-3
105 oo o Jokd ohs olusle 1.3 .3

6



105 .o eeeneeeeecenee 1 ek o ASle 2233

106 ..o Ladl gLl cpasas Jf dnd loSle 3-3-3
111 AR e Kkl ey 31423
107 oo 150, oSN AKAY dgoell ol s 143
108 oo Aol S0 OASMS A3 pondl ol 2-4 23
111 SO Sons bibs J] oL ¢SO0 Jai 3-4-3
B RO o L M il
114 oo ool J s S Lae Gl 14
115 woverereee e eenerseessenr e eneens lhee 5,56 1-1_4
115 woveerreeee e neeseerseee e eens S Goby2_1_4
116 weoverrerecrreeresecensrseeesensseeeneene P JEh 314
118 weoverreereceermneereersenseneene el 550 3 ys 4-1-4
118 woverereerecee s cenenssensennasesnenes S q,E 514
11 ORI Geandl o, 61 _4
122 o SN T 14
122 1o ns e Ayl gyl 814
123 e el et 1_8_1_4
123 e, Letiall ol el 2 8_1_4
124 e, Leatd oyl 3_8_1-4
1 ieluall 4ylladl pyi 4814
gl Yo 4D VRLA o)l 5814
125 1ot eereer et st (t3lo
126 oo rreeeeer Al e g Y gl 24

7



(Nickel-Cadmium p 515 - e el ylley 1.2 4

126 oot e (Ni-Cd))

127 oo crreesreae s dogdan - Sl ol ley 224
1 A ol Ol ey 32 _4
128 ... (Nickel-Iron (Ni-Fe)) dud~ - S8t oy jlay 4-2-4
111 dlsadt il sUadl pl T o G5l 522 -4
130 oot 54540 L3 _ 4
130 oot eeeeen s lehee 5,56 1.3 _4
131 e ns e 3PN W gl 2.3 4
131 e Sl g ghongill dex1_2_3_4

1 S Oya,dl delselze2.2_3_4

132 s i paiall oAy SH3_2-3_4

132 s hall asNI4 2.3 _4

133 oo Lal 5.2.3_4

133 e GV a8 - 6_2_3_4

134 oo, sadnddl 3480 L= 7_2_3_4

135 ....... G tall Ghlall 5 43 guadd odll ekYI : pualself Joail
136 woceovrecen e nmreesensecen e it 3 Lo el 51
136 coocrrmeeerceennn. Saasld LoLAYI wislzeNi 115
136 cooevmenereeccees ool coldlaze ata) 1-1-1_5

136 ..... &3l 5 gl Jolie g2l 5 a7 40 2-1-1 -5

137 oo ceneer e Jisedl 215
137 oo eee et s,eaI 3125



139 ....... Ly )l el 2Vl ol e S 1_4 1.5
139 cooceereecceenns e @yn $2-4.1.5
140 <o senaeceenreseenne il 5,eY12-5
140 oot S 125
140 ... i it il claglinadl coi 1125
140 ....... Sl gl ST fp 52 1-2.5
140 oo Bl a3-1-2.5
141 oo LW wllzel 42125
L yakd (g guadll Bl Uaki yoay Jonlzh 225
141 oot s o 3 5
142 oot Bl pp 3205
142 1 Al gl 1325
143 o oYt gl (g e 22325
144 oo, Ll ¢S Bl S gl 42225
144 oo, S Se i1 4205
145 oo Ll 2.4_2.5
145 oo, O,._:J|ri,.:aﬁ,,is_4_2_5
145 oo Gleally Joatdi 35
145 oo Pl by Blasmily 5 1.3 5
147 oottt ielt2.3.5
147 oo Lol oo 3 3.5



Ghladl 3 18 paaz) p 2l e ale cAbiaSha 425

TAB .ot e e e e e s 4 sluedl
149 ... i3 geazlys Blb dhaves ol Blal SAgzal : pusld] Joadl
149 oot tieiereeeeereeeeee Lot hli>Sa 1_6
151 o Dol zrilei e et 1.1-6
113 [ Lol Bl MK S gzaYI 2 2126
153 TR PNORP A 5t o) gudl agni 26
152 ot eSedl ki 1.2_6
117 2 plsudl 5l gl Ml y 232226
154 oottt Jadt 3-2-6
155 oo zEN e 426
155 ooieieeeieeese e Sy b2l el 526
157 v Y ddee 5 Bl AL S5elYI3 6
13 S detdl WS ) 4 -6
Gl 93 0 Shl) s Ol A 146
158 1oveeeeeeiee et ses s erse s (4 4
045 dt ] 4R Ao padt 53 08l 2416
159 e o godt 4 & 5l (63 sutazell
160 ..o 530 (golol O Sl 2y 346
N s pall it i yult 530, L4 4 6
162 oo 55k} suaze O S
sdazally Lal V1) 45,800l BB I s 546
164 oo G, L

10



Leea LN ) ) a1 B3 6-4-6

165 oo a4kl sl
Lad U J) 5yl Bsuanadl BB 7 46

168 .o crreeees 554kl dautaza

169 ..... L5l &5 pSbdl el LU -1 8 46
oLt e o yra ol e 8N LS| 25} 946

170 ceceeer et S s 5

170 oo cerensecenenne (GaAs) pydlonll dses s
(CuzS- p yendtSH iy oS - ool oz S 3

171 e e CdS)

172 e enrecens i gt yil) ol plazal) Az] 5 - 6

174 e e reiad Les 1.5_6

176 oo potelt it Sl 1-1-5.6

178 e U ol pdoad e 2-1-5_6

181 .coooeeee. Galhalt 45 gt il ool izl 2} 225 -6

182 ....... CGoiaalld 4 podcl il cileslatall Al 356

183 e Ll S0 50l eSS 456

184 et Lledli iy 5-5_6

185 e ereee s el gy sl 66

186 e eevvreeeniencee s e sis e Jul1.6_6

186 .ot el 22626

187 oo cee s enseeen e ol il 366

187 et et et e e AiE 7 -6

187 et cadal 1.7-6



1. SRR io N pluased 3.7 -6
189 oottt Zoybina)l UL 8- 6
189 oot Sl 1_8_6
189 oottt Juli2_8_6
191 oo Blhall 2930 © asbed! Joadlt
LS L Y Aol 1 dpptaVl sl ghsei 1.7
191 ....... o2 b I Al aatll wapge 1217
(S sl OO IS Lt pbat Y 5y ,02.1.7
195 oot s e 2N
195 wvoeieienesrsenessaserannes et e 1.2 1.7
196 vvveoorreeerreeeeeeerene LS ety 2 2 1.7
199 oot 5 ibadl LetatYI3 217
11\ S LylesY) Letalyi 4 .2_1_7
203 it SAds.2.1.7
o Lyt Loladd ol 3H mspll 6217
204 oottt Lyl dauy
204 oo Lo ghiall Cilah (g padl g3sadi 3217
205 oo Lol Gyl ot WSV
ot sz il el el di 123017
207 oo ikl fuoldl
210 ... 4 s g 80 & et B3N 2232127
3K S Sl SVl 3 323 1.7

12



214 o, ot OV L3l 423127

217 o ot S I 3L 5317
218 ... gl A0) 0 T e M- L3N 6-3 1.7
219 oo S bwell ol 73217
223 i Z:&UMHJ\)»J'IZ::yaqu}JCsJAJZ_T
225 oo, ot gt et hasit 12217
Gk o ool gl Ghasli 1127
226 oo L_,aﬂu § el plasy
Gk o ool gl Ghasli 2127
226 oo NP [ R | PR PN
Gk e Jaadt gl Gaazli 3127
227 oot Lot
229 v Goglatdl Jols 33 ot Jlit 22227
229 ... g ol Fageild (gualll Babeali 1227
230 .. deghiadl 3 il ol ol 31 2227
232 et it aug3_2_7
aL“_..J|C.-L_5)’|J.>.J’| E_Lu..:-}f'l dsbs1.3_.2_7
233 e o2
237 oo rlasdl 550 s slay} 2.3 2.7

237 . edall gl Jamdly 5l ol 545323 227
243 . gl g et Jordb iyl pdl 2us 42327
o i gall S A (g5l dl JUEENI 5 3227

25 s L§)“‘5J|J Ua:.H'l L§J'|)>-.!'I J.n)-.!'l
247 ot ol 427



250 cruuieeneeees et L e el 327
251 oo et st e A 1.3.7
252 e S Lol Sl et 23 17
%< R 33 o) il] S| il 4 7
253 o LSl dadel 147
St Slases oeratd S3donadl fulgali 2.4 .7
2 T i3 goddd
256 cveuvinn it plladf ollalasea 57
258 e e ol Sl esd 590 001 67
259 .. pgudll alely DY Gub oo AEAN B : et foadlt
259 oottt et et sl gadt Joad 1_8
261 o ookl 5ale] Zaued g Audl) Bk 2 8
265 eeeeee oo eer e LS B 315 : paell] ol
265 oo LS el Bl Gl 1-9
265 eeovverceeeie et e e iy
267 oot Bl 3l g pitei 229
268 ..o PSS LT, ENVS WO I
270 oot Loall Ak Jdi 49
ezl 8, S st U Jads o, 36509
272 ottt et et et e 45 guad 4l
273 s sdseadt SNl 03151529
b €Oz Slilal pais 3 Lspadd il Sli2.5.9
274 oot en et eese e Ll



p 17 SO sl Y1359

2B5 e e et e e e ol 1Skl fuadl
286 e fpatd] LA Lo el Y o 1210
286 ... ekl dind Gob o6 LS e 1110

287 e 4 et iKY
laghiall ot (gpen bt 1.2.1_10

288 oot i gl 3l

289 o islamt ds HL8312.2.1_10
SOV e alaad o ladl Gl 32110

292 e nplanadl Cadic ol

293 ... ASW Balaodl dslaWt Adbii 4 -2 _1_10

293 e S A cARE ass- 210

295 oo sl ol pSe Jhazad 310

L2 TR (et Cai B 1310

L R Ll g2 310

L 1 R q;.nﬂﬂ‘ CJUJ&.U L_S.)"J"-H O,.,‘:J|4_10
G Ldsl] Ladad) fuatall G4 > ol s 1410

299 e iyl o p )
Sy Lads e Gt GbuYi2_4_10
110 O 1 gy il glizadl B 3 ol
302 e (ol e gdged 33410
<17 SO Zopedl Sl 42410

15



TEPVIS i ylizell juldy Juntiy sl 5-4_10

305 oo e W Bl b

309 .o oSl pentlh Jial a6 -4 - 10

€111 SO ol o iye 1-6-4-10

313 e, ol CaST B ge 26410
et i a Uzt usly 836410

314 oot el

314 e, Libs| el y ki 4 .6_4_10

K 3 b AR LoVl pute ‘;ab-.ﬂ Joadll

321 e galall 1 pte S0 il

329 e A sbar Yy e 3l L 1-12

337 e Jhdadt 2-12

37T et sl

< A (g3eomi] - 20) Shonlloaddl ot

397 s (g - §romi)

03 oo res e tas s e et areteesennaarares c?b.oﬂ
ISTRWEX TR ANE, [EENL e JORPPRE el aa,

L Lojall dax 2 3 Lo

A37 oot ool

16



@ —dal
daddielly dusd Awd SLGAGH CAS Al

el (Soionall allf dse el §yaten crass

b Lastasil g o (o At el sl O 3 ey
a0 Comnol jae (Bl 1ol Lpdyl ol Lads Y L
i i oy ity golas¥l yarld Gudod (S ous 35 pmal
iy (';-L'-U sesadl e LT Zeye gy Ostally Al
ol o 30 i SAb] b whsy a2 Loppalt Ladinally
ey cpplally Lypall Wl 2w I los 2l

oA g diaiadl At el el geliidt 0L Y
cigy padl G pleza¥) 555,00 e 4S5 (gl o 2007 - _a1428
be e pai S ciulaadly elall el 413 a 3,55 Of)
s b b ool paar Tyl B g g ) 5
R T PRCVE) I cr)\.ﬁ}“_, «JLat ity

T padl Aaadt b tiinlly o phald Zab Lol (TS0
o ol i L5 5,20 5] slazel Lgie Gl 1 D3 pa
)143‘ Labzdl cleadly colibeSy 2lly iy d_;J;.J"J colzall

17



CJ'L._J_,J.‘.‘S.!}“_, ‘OLFJ—LI—A—” 3..:.2.3.':'_, £3.._:.J.=.>-J| w:.”_, ‘(JJL:.”)
Q'IJ.A.”_, castledly, ‘D'IJ._...E.!'I_, eLaally ‘CJ'L:.T}-A?-!'I_, wYlasVi
Ay ez

Lol Jadl 31 Lall g mmeld ah de L) yobe 1 {8IE
s c_.z.—_"._-.j);syaga_.g,da Bl g 0 Yol 3 ol e
e laday ) c_)Lf..d'lo.n;.Ls),pgs_}-.l'l Sl 6l 31
ol didssen colgzr wa Ogbaclly Laally o lald Gi5all de U]
Simall Lok, Ghany Lo usliiall ol oy gamslsy 15Lea
tgay o g ISE o wlily 5oy SRS e ol g ]l
ke dol b Ladall ol cdagad) S don 1 Glas; o
Gl N OB e e 2y gelall (g gt 6l )
cata @L‘.Ja;d,-.ﬂ tooldll e Gug
Gl etml e S oS B e Al Jants
s S iy A3y el Aol LI L
Los gl 0,8y cazd ells B By me Ldle Tam o JWI 0,5
S any Wy ¢opazgalt Lalad L pa Lile LS ety cLonele
il S ke Jaz ey aatzs l13 g5 8T o sy
Lo jze LS 005 B 4o g Lo o Zokizally Lotz
ranlly fadadl clodlaiaald s jite L3 GUS jaas LoS
pellaall raeS Al ada B Suaznal]
0455 O L (e uilan Goy xSl slazit (g A4y
o et edlpely cdoanl Al s bl e AsS
Gt 055 Y Oy €2000 ple dny s a5 Ty (Lalle
s Bl 048G Ol aspdoes i bl G oliazs Vi
oo G e omly S Ly A A B, e Lo o

18



Ladet Lles amgsy Qa1 pyd g 0550 OF Tty (g3 488
Lol Adare o aalayy SV Loiall J8 5 (P may
gt aal g gl B3L5 I o BpslasY
0dd ) guasy Bdpnar Bty palall 5i5all A dlladl Lude O}
e Lo sl D pall Ladiadt KT OF agly e oSl 0 de ganeall
Gt yadly Lo 20l (b I B3 gl Guimed Lgahiy 2 5 gl
¢ gramaiiall oam pald WE e oy o 21l
Bl (A de garmald Lokall Lol KT LS ¢Sl e oy
Lode b ey QLIS Lebiiedl b et e OF2W Ly
L 853k Juk O pastsy (ol L2y g phall 550 e LS
st S gmall alll e
-» 14313 20 2L )

ally polald i o el Zte

Jegadl oal ) ot dasms 5

19






o Gl Bl clblat ol S Jy 515 Sta
NI H PRSA B POUR JUCA, {UY PEUN g P R L RATREN
o,sl; L, ol 5 pauchall UM ‘LA:J\, (g et @il e
Ll g Gl it sl Tl fon OF img Mg ¢ puedalt o
céJJ»)f| 35350 e dupladl Lgslatule) a'u.. Je ga J g B> e
Y boiie Laadl 551 Bl jolae g ple 02y @ Ilally
Bl dla c a1 daiy L dadi gl g oo Sa 0,5
Gt ol ciliblaml (3 ptal) (Il sl peasr (3 polie
Lst-T Bl jalas (-|J!-‘:.-| Gip oF
1950 bl /T 5 < Nature)) dngdall Uome oye

cppmaslly Qb O B A el clatdl cals ) -1
GJ:JJ 033 oy jetad 3_)|Jl| P v celdadl CL'.'JL, ‘d‘JJ.L'.'J'I_,
buJquJLH;SJSJ|eM‘}PJ~JiJJJ}Qb
Dot 8 ySeun YL...,-| SN ozl L deslalt dw 24 JD
eJ..Ln_”_, dl_i...._;'l O JS u-’ J_L_._..._.U J_n'u J_._G_, L._a-'u_.a
Aeluall
st Syl Dl u..,.t;, ..L.,.;_u cjuL;.aJn,-.:Osm o 2
Jﬁa:u\wwb‘i’l u'b-'L....a—\”l YL LI Lg.n.;-u.a_'l'

21



oY Lglaze Lo Lasd IS 0550 LoV Je sasd
Al 4,8t @,
Yoty L Tzl ok ol oy putale OF QL OIS 5303} -3
Leds a3l Y Jaalls el 3 1po el LedS opld < 3oV 0
el st egno b cits
(The Limits of Growth) « gall 394> asels

(Mecadows [et al.]) 1972

oo ST 08 dadall ol Lo b, t) 1 DL s

dhe o a5 tlayy galin ] pJEl] L El sasde OB 00, Ciial
RERT-W-ION T EHEN INEVPRC [N P N IR
Ugia juzad by, LY ada OB - cilaibeddl Jolyly ool
blS Lo OF Lo gy« cpeibedl poiizal e saall J3 e 2
o Dl ol peie Oplng gl tie 1 pliony L 03ald
Uit a3 il 3 LS iy e 3 Bmli ay . pblondl 300
OFPCIREPITEIOS PN [ PPN [ SO - F R JPCA W EPNEN
Legll e wb U - SIS ) O) ety otedl dBadl 5 Loasibal)
ol csupdall o eargedly e g3 Al alsBlly o il
OF e Byt 2SYI oS o ) 1998 & 38 Lty 501 gt
IO PLI PP [ E PPN "IWPE Ty S PN % O (PN [[YCP SN [ER AP
130 W ol ondh I Ueeiell @l el |8 ad Soland (6 g2
(1998 opalidl asleY A pn) gl l ol ¥l STy 2ol
Wl Sl and) Ludny oo b ji Y Szl ol 505 i
bl By alguls QST lia il 3 08y Ll (B sl I

-

22



sy=Sadly «Q-Cells s (Paul Grunow) sy, Jsu 5 esSidl

S sl 5 y2Sally (Christoph Baumann) Olapy Cbyxeny )
gl Eo Sy cladadl i 25 598 e (Dieter Merkle)

ol -addl DN & ¢34 40 dasl> -0 (Keith Parsons)

oSl ) et Sl puily Ateudh apstiadl S (S8

(Hermann Scheer) o8 Ola,ua ,2Sully (Franz AlY) < 5l 3
.Z:SJ..A:JJ.EH 0.9 Z:.;u‘)l:” 43.:\..3 ‘JLG G’l'ee]l)

2005 ugSt [N Gpti llin gy el 6 g0

A5 oligca

A galigay s geud s

23






ol 331, giCoult Aedde

0_5.;3.5_, ‘J_:,.m_.a_, (.‘-’Jﬁj.a.l_?qbupj.h LL.“ _:,.:'l_)j J_,_‘.‘S..L;'l
Lty s sl

20045 1994 _abat LoladN) Lwat 300l o fuan

(lLa.! L_)L.b-}” -UL..-J.!'I 5yl <2003 rLlJ (JL-J)”I JJ.E.o- SJSLa‘-_,
tgstndl foall Lodll CSJ...!'IB oY e 555y <2003
iz 53lry <1997 glad LugyaY) et 35ty <2002 ol
rLaJ Sicbenpfeiffer 3 35l> <1992 {-L._! ﬂq_,_A.U'l FEPEOUIINN (82
fL“' 35 «Drexel i3580 >4 «Karl-Hermann-Flach & ;50 >3 <1987
«1979 {-L._! Adoph Grimme ;5> <1983 {-L._! Hans-Thoma

1978 rLaj Z:Jﬁ}ilﬂ'l U..a'h SJ'S'LQ-_,

3,03 ol Lnatdl Bl | J gl
S yS Jl o) mzedl woW 5,5V Ldladl 2adlh B

P SY gl e
o 2922 o PU Sl ol e i) L O il o @
sl

.ﬁLL'IZB&A_,C,:lA&ArﬁJSZ@OOOCJﬂ e

25



32 500,000 5 dngdall ol 3 (g1 Lakhy ¢l
L p ity Shendd ilos dola 32 JS sumdl GV I a5 @
g gd) sl oY) 20 50 Jabay
o Lo sBS pa Lo gy IS b A0 ol 5 pall] Doz @
cobildly il gk
i Ogehe ay Mies py JS B2 ss5 @
Shzag L 28T Ve susall SN L3 oy Dagf ol Gllze, @
LSS o st Dy
PUSE] Sar o Toilans (i
(bYW gt Q3 e Lynt e QST ia e
2SNy goladVly ¢ plam Vi (gl plal i
S B 5SS s ide Jadlly o gsay Gl ot 3
{4
RE PO TS SR R U S Py
il s JWLy dadll s Yo o @
Tl 0,5 Jully b St Jf Doz 45 Sl 2l
i A adlalt gt ol Gelam V1 Gt ge gt dlo Tadga
clatlly (LBl 3 llags @ a bis 5,581 et 3
Gy it olely Conpdl b 38 5Bl f e gy
P rotely Lam 150 el PV (B sy o L]
g3 Ogaks 2005 eIl e BYT Sy Suszell ALY i
aSl S Tt b Byl 20 Dslae] bty ol e V) s
T RVIR R AR TS VW T [RCUL PO NP N P
Jerdly (ot O A lasl ey Ll y Ld b o ppotd

26



cageall oyl d) Py cogdll o Saal e (g3T Sy
'J::'.‘:ﬂg"b:‘."b.)_,

S, o LS oty & 20t fuites oo ST S8 20l
Sl Ogls s Ogels 5.6 I prer ¢ Jufinadt (B 4l Lk 4a
o S8 O Wi e Asliall Jpulh (B dens Opeke 800 ) J2e
o5ay Y pshall I3 06 g3 Al ay okl QLB fes
bptons OF (3 Jobal eglioey O Ll 00 go gubaall? s LU
e i LS
q-a-'-“ M”Jﬁ-%ﬂ‘ﬁ sMJ‘ﬁQ_’ﬂp[’A

Sadzredl BUaS Tolte] i OF he 0500 ooy o€ uat)
Ll ) gl o st Libe 40 ) JY- 22l 3 100 ey

o i) L] gl ot Bl O3l e Lyt
ci.s_)ba-‘,ﬁ-.!'l Blll, ‘3:3[4.” 5yl y ‘CLI_J.”_, cu..s.:..!'l s d bl
w2y Dol BV a gl 534005

oot Bl sle) OB ¢ g5 sV Ludpiedl e dulyud sy
P gl o gy OF Ky 2050 ple B

fewlsS 2l 340 @

Ly s 2 330 @

CLL);JJ; E:l’l@lS [

Uil 310 e
Li il §5

27



U'!l (:U:........a_, ‘L.’.n.‘..-_, ‘L}':':'f-, ‘L_SQ'L.A:..;'I JLJulJ.'.vJ J..I_JL-”_,

Ll Jaasdh oAs 2y LA WS 5 e ye BT WY

Conaw i A5 ((BP) U’:!-’J:‘-'"f Sz (Shell) |2 |20 cEsdazedl
Al Bl e gt 3 Uty

Wastanad 3la33 SWly ¢ g mmamdl qameilly ¢ udgstandly ¢ Jail
i dady N> coditg cil) e naETy o (S
S 5S3 LN Gl e Yoy i B puadl LSl e il
OV Ol Gams Ll da ) Bt ) Jpoetl) O prone
Ldle LSy o Bl i

3}3}.”_, ci.s_)bp-"gc.!'li;wb ci:S'LaJH_)J.Eﬂ_, ‘CL"'JM', ‘u"“‘:"!"
el t it JSO1y  dain Stals WY1 )5 30 g0 g el
LaliTy WY ¢ 8T dmys by bly caly cdleeNIy csbayiy
i e (,JLA_H_, c'L_g_,)_,T_p GL:-IL&JT g" Ul eNune
q.aL'._” C).U'l o Badaezadl WUBUN ST - 5usl; wlistiaziliy
cals e ANy Laetials
e e Ogake 18 oo 28T Cainy 2004 ple 3 Gpall culi @
Cl A Getd) laandl e
cAta o gl y Al b 33 gty sl st ol clizi @
IR ) LN (W 29) Wl g JaeVl n GYYI
sl

G b7 Gadaty il Wl b s pdadl) oa Ll e
& gl 5008 dad il tand 7 o5 LT oL S e 2L
. 2005 plo

Sl il i Ll age B clayaliS psin @

28



Ol y cadoelt Bl olian G b e Bl e Ll
ced il QIS J o 2L 40 ) fana

Wokean 3535 on 284 25 o ST glaihy Jadlly Jusill o520 @
ENES rl:- D'IJ.A :\L.ub.g

Taky god yRay A3 S o
¢ et OF oo L) Bt 0y (6, SOl LaliaziYy 6 seell
& s :_;,_, Gyl o) Blally Al a8l <ol My
- L] pliod et OG0 4S5 Ly 85 60 pze Saled] BB 515
o 4] Zlod L daiaedl Ladladt J28 3,k ) bl 855 o
25 Blall Sl laseW) i) B LsET pa wanl ) A
g il) Bl CallSTy - 1995 gle oo L2ally 50 Jhidey cobisl
o151 3o ooy Gl pasetU 3 2all S5 Jpdoy coielias
anasl) Badl 5u8y phiseral oo Yy sl w30 B sl
cprdl gl Mg by
WSRO 1 PP SE A | DAV I (ST H PR
g Vlyy QST e Dy 50,8 Ol J5 o oged!
:» (www.RIO 6.com) RIO 6
Ty 03 atll omnlly caply Sal et 8Bl Y O ot
' Juilt
2005 x5t JUN apti O3l - 03l
A R AT

wWWwWWw.sonnenseite.com

29






<1980 glo doa GV QLI I sode ga pud Ole s Sl
obradd alall Gt My cBsumzadl BN Zu g, s Basl Bty
el 3t Jo 5l 12001 ple die Gauzall olBlall  calladl
855l iy <1999 rL._i Aol bigs 35l 1998 {-L.J Lo lbadl
et €01 0,80 oy <2000 plad Lyt B Ladlall
88lry ol Bl Ladladl 3 50andly <2002 plal (TIME) ‘..,l:.li
12004 plal Luadlall Gadanzalt Bl 2ol3

geetl] | gl Gl plgu]

phiscul oo 22l (5 94t | Jadlly Lall Blall eales
Leidhes W) pedann 288y Lowetd) Bl ppa5 1 BN LSS
5_)|J9- FESSY u.jl_273.2 «C i.:-JLJ| «Laall 3_)|J.>- FESSY oA L_SJ‘?'-”
ol IS e o gy by ol 3 +14.5°C

P Ln &g daad oW 058 el Bl O3 e

Oty Pl . Ghaodl Jiiall e 4y 3 550 da oy eliadl
AT ales Bl ] plov (O ,k0 A5 cons e 0L
) .(429,4 EJ u.jl 15) r‘,._...” 4_§.l.g.'.'.....; Los 8 pa 15 u.j'l‘,au

-

o O Gt By iYW 548400 5l e

31






oy .ru:.;.” CJU"L J.:__,J.'s' SJLﬁlS\.ﬂu ‘3L_.>J| 5393 J.'.’.L’c.'f_,
ch_.Sn poer st ns Js-1, Tisedl sy A8 e a6l
ot e ool LYl LI e o3 3l 4 eadl ikl
dnglateld nrenat GY (oot Salasuadly (it LA )
J.u.h.‘.‘.u i.:.l.a.l:.!'l LgJaLES_, ca_)bo'.” J.E.:J Lg.‘fL_.:J‘_, ;c-:j‘}-n-'-'-!}.a.”
A pSe Gy 393 5okl G Cliaddly prany b ¢ 5ud 5 651
Lats Toas Lomar ol 4ty alghinn LSl ozaly

PRIV VAR U N -5 R SO E SN | IYCHT P PN |

2005 i gi [ GW o
RIS PYE A

33






Blall ol kgl 1-1

(gl pomilly contsll Jta (g pin V1 330 phiinzal
Al B alas L8] e @0l caSes Gldly cladl
o Bb sy (0l el Bt radl cldall sy i,
T o) DL ate b i rad paily ¢ Jistlly 8 o]
JSad i) dusledt L 150 I la 02 Bl HVez)
el Ciual WS 5431 ads dlaszll ci',.:.a_ﬂ ey (1-1)
A Bsumeadl

Sonpiadl O S b ST U8 Gamy D ) 5L
oty Lo celadlly a3 “C.]a..a et gl et Jsls
O o ot iy (AN Jpadh i) bl St ol 8l
(Mcadows [et al.]), clooacndl CU” die Dy,aa e ada
deeST U lilaily) Blll g 0 oY) of VY (1972
o (4294 3 % 10°°) 4294 B )] wis)) (Lgy Zikazed) Oy ST
12004 ple

35






et W) Zatl) Bl )8 (22 1) JKEN by
Alal oSl Sz e 3,0 14000 iy Lol o541 e
U‘LF z:-—-.n..:-j'l %ﬁ'l.-.&ﬂ'l il ULO r.J:-'l_, r'l.ﬁ J'IJ.A L’LF IV C_...-g.:._,
(§opi W 2l By puadt 2 pad) ez g0 2 ST 55
b Laneh g1 915 ST G lilait 221

Gz agi gt Gty @l Ol olarlosd i il
Al Sl Las A1l Gty cdaislly o g mandl el Jto
500 Aty e Lopuaimy 00,500 sl b 516 st plis )
o ST e Jundl (B 11 KN 5 i ge LS cdeliall
PR INCPCT S UP PRNE IR ) (IS I OIS NUOVE) g
LaS N e JulS J825, o5t o] o Kay Y (photosynthesis)
3o oSt By ety ¢l 53 palf (ol 2130 ol

A4 1) JKadt hi) (g padt GRS 5 0, S dpsT i
SLL U13] ) UL LS SLisH pa Sl e ahas,

)‘ »
25 T o =T ™ T T -1 r T " (
201 weiheer 1990 @ ©

1 Fatber 1996 BHE

Fach 1996 Ap

-y
4]
Ll

(CO: ol s 107) Zhagy!
o

in
FIVEN PRV B

0‘ ----‘--?‘ - .:.- T T T T
1860 1880 1200 1820 1940 1960 1980 2000

A0
AN Tha e K0 g S Lz B2 duddladl SBlady) 3(3-1) JaD
#uy (1996 (Faber) Ay (1990 (Weiheer) syl Wiy (1995-1860)
200 (Worldwateh) el as 5l 5 01966 (Rachy

37



370t Schimwiese 1993, keeling and Wharl 200H a4
'3
S 350f 1958 ple 3ia 5 puioa ilS
_‘-_:-; a0l S5 g g L i
a 330t \
3D dga i T it i
‘?; 320 j.y,.t;.“i_‘u‘alh ;
5 310¢ \ —
g %00 Ll il e
&m0} \ T
1750 1800 1850 1900 1650 2000
ol

25 408 (ppm) e K e 5y Ui CO; S oo N1 5508 MR 5 sina (1) 550
Sl 3 D sae b L i gl Aok s Eh 3 il 1958 ple iS5 e
o g 5 s (MaUNa Loa) gl By 5 pdiae S Sl 208 [958 e sey by

S Keeling & Whorfy 20040y 2308 {Sehitnwiese) 1995 puppd Zle W i

cTli]
3 250
% 200
E3
b ]
3 150
g
= 100
£

F I i
- i il S LR )

asiall S s ol ek eS sl Ay Aptadl! A i
1 1

150 000 100 000 50 000
ageliall 5 il LE Ll ol gl

(K) 380 a1 b i

oy S sl 8 e e N el G s e e ABRAD (5-1) Jsad

spre Al Gy 1750 e L3 DUad J8 150,000 Mo e syl Mab 3 a Aa

]

{Institute of Arctic and Alpine Research) Bolder USA, i s Akl lah
2000« National Geographics) ks gh cludl jad s o ).L «Colorade

38



O S
(025 No) (gt OO Lt 31 0yl OF e 02,04
Gl oS Aabld] Lot 2t Lo Bl L3I prancs
whs A3 OF N celadll 3 Lo,V pela e Bactadl 5l ol
cOltelly crledl slsu J2) (Greenhouse Effect) azdudt Ll dlall
oo et el B aae L3 el (0p50WYy Gy aedt ausTy
S ;,;,JSH oo Al pdl el o SN Slagil Gendy NI
batie Lty Al Blal 35 o O Jodie S L2
Gty 1ny ol yamdt omd 2t o Tase 2,1 pelans py
SFERRTIR LR RV LR o[PS W0 S8 P P SN T PR ES
P PENIEY IPCAI Py (R SR TERPR LRV SO o1 S A P
) dazeeadt @l Sl Lasle (1-1) Jydsdl 2 30K
Soaskall dsul)

Ziull wljle bt Bl b g i) blasl Clus ual
Aeliall juae Ly dis Lels S cdielib Vg doap bl
SPCH FUPLE PR [ENE JON SLYIUT SO0 I IO T B PSR
R VPR E Xty NUS R (PR RURPYES N FL g I e |
BN IR CPUEUNS I NP TS - I N PSR
1850 r'LG Joe 2zl L.’.S 1 u.j'ljau L_SJ‘?'-” LJ)ULH ih...-'lj.s i....ga;.q.!'l_,
reall sl SN 33 (W/mD) e Sy 3 sludies o)
(Fischedick [et al.] & 51y Ghua b bl . 320 W/m? o]
.1999)

39



((SchBnwiese) 1995 s gi gb) Loasadl 3 Lib iy 1 (1-1) g

Al plelll | fpn el ioly  plgf | pleasSTl 45 0y 5L
sl Al el

2l i 62 20.6 K H0 olll iy

al j 22 72 K| e SN st 1

COy

@l 47 24 K| e oo iy Oy5l

05 « o Y

2l 44 L4K| NO Gyl st

al 43 0.8 K CH, ol

el 32 Ca 0.6 K }1,> &

al 100 33 ¥ ClalgY1 g gast

Sl Gt LS ¢4z K 20 J| K 15 o Lo Ul 1,200 53 5,51 o paizl (1)
() DL2) 30 K 0585 1,21 (TPCC 1994) (AL i) L3 gl 2o 1S4 2ol

o o podt (g promadl o Ll 2AT 208 53wy o d
(eaaS 23 0 1896 ple 3 (g gl SR 3 05 S ]
Arrhenius 1) (Savante Arrhenius) _ yinyf  2iGLL b g
e o Gubs Sy pnn | w33 (Ltaald e JS2y (1896
03,5 aeST S8 ol s Cieliag Leie 5K e il 3L
S o5 Latie 1938 ple 3 ploadl Sl plaza¥islsjly
Szl O 04,5 ST i 535 (Callendar) Sz s itk o)
LR CRR PRV T ERYOL- SOOI FRe We OV POV-2N (1
O (G aslh o5 Lo 1972 = 1971 plo o Tty o3 030 S st
pladl & galh 85l [y 0,85 OF ey 0 5,01 ST 308 o 3
AT lasbtall dade 3 OIS (gl ¢ol ggld

40



Wl ‘aij-?'-" JLp_)SU i-_gj_,.l.!'l Lalarodl wald <1977 (ILG U.S
i;qJSJ.GJ.f “J“‘“‘.’.J“‘“""—é:‘.:"-'g_;’hjs‘_, Sdoerall rﬂwhum
ple P Flall pule jaige die )y, cudll G ool ot o
A Wl SVl ks Je fesy eigell U3 diail <1980
Lbed soen JS25 - Flaadl oo B pmall b daly B35 Jf ]
Al 8y el i ol

L PP RCIC Oy (R i W ERPET R ¢ 20 D IS PREN (S
Itar] 450 Liial) (g1 05,800 ST 8 OF el gl cpag
SV 3l ((Flohn, 1989) a kil Gy dzadt 3 50) 22ad b 61
o 15 i 0Ll caley Lt ¢ padladt ol el ¥1 o
Uisy 22t 3 20) 2ol 3 11 die (FCCH) O 4y a0ty cizoll
a gkl (5, i & 10) ] B9 e 335531y (1989 opa kil
' ' 3 juslies (1989

Lrp by s Sl Labad) s UST e el Sy
Gyl Dol 85 OF V) coldimh e o8 My gl B0,
LOK ] 0.5 K jlddey et plocs (g 52emn o Zuallall ol 351
S1) SN i ga LS patadt 0,801 Dl e el
cotbaad) STy ) Lsbe Y ol S il s (6
o B30 ada O (30 goedt oloadl (S grmny ¢ ) (S gy
doge Sk ) gog B Al Pigaedl Blah 3 ot Laf
) DLW 2y &

LilaS oMelizl de o dielias J] oy 10 K iy i)t ,d da o 5aley (1)
A (otagmind 60 C Qo) 51,0 Ly JoY1 udl U] (RGT aisli) (554
.1977 f1948 (Linder) ,.]

41



Lesrbad) BLiSHy (g gl SRR b Azgbalh 3B 8 5 (2 2 1) Sl
.(IPCC 2001y «Schnwiese 1995) g 2l Lisall ol Zacalt Azall efyiall

UV P 1) FASPEDY UTOLT] O JEL ] SO UL ) 5P
@l Gl | YA | e [ | pole b | 3 [l
(%) | Lpamil | il | (i ki) 1991 [ Y4 | (islasd)
Casall | (L) (Mya)| 2005, 1800 ple
(@) (ppm)| (ppm)
61 1| 10* - 5| 290000 355 20| €O,
(1991)
380
(2005)
15| 11 23)@ 10 400 17 0.8 CH,
1| Mooy 55 1| 0.00025 o| CFc,
7100 115 3] CFM
{12000)® 0.00045 ()]
4 270 130 [ 31— 031 0.29 N0
296)¢ 10
9 2| d 01|dly—s|Jf 0015 — 2 0,
iy ne 0.25 500 0.05| iy ,me

s 100 e il Lot b dnial) s &Yl 8l

) ) T Y Tl Lt ) 22t el e ) g 2 ol JE 2
(IPCC, 2001 « tlzll

(2l 100 a3 Y Laclh (gt 25 3G gl B

e 200 ) 50 Ledy o2t Sl s (4

Jlall ol g Y1 sl el o Joti 5

42



1998: 14.7°C /

14.5 -

14.0

R e e

200 | BAT Sy

13.5 - EEFCAN L PO T WO I S PP
1 1

13;50 1880 1900 1920 19I40 1960 1980 ZC;OIJ
PR
e ki 2 ad) g A1 e il SaelZ gall & ja da e :{6-1) SO0
2004 e B IBSR Ao e TazB G 1580 s
51t dompd Ladlh Balyslt Ol Ll JlzeVH 33N g
O30,5 oSl 8 Baly 1 Tid e 0455 OF oy Las il e
a5 ol dom ) i g V- 1P IRNLIN £ fia 4 ‘5-”"“ LR
(Newinger) jazy pi) Lizadl (g 2ll prdas g2l oty 8 oo puils
«(Kichl [et al], 1993)y «(Charlson [ct al], 1992) <1985
eda poltiy . (Charlson [ot al], 1994) (Kaufmann [ct al], 1993),
P B Bib o) (gaadt O 350, A n Bl
A ¢ elely wlilandll Joe Laalf ol 2500 il Sl
dnid ol &gty AbeaSOH datNY e Lal J (7 1) st
AL ol pandf HLisly ol 2 gt gaclly ¢ Lo JSE Je
GJU'I.-.'.J'I u.a.n:- - r.t.:J.\'l_,.hJ'l o la J.t.nJ e C.p_’.] u.o'lj.-SU
o Gl gz i U] Leldaol Zniielf O g S sl it
ST 0,8 st i 2ol U plasinal,

43



g ) NS o gall ga Jor ol OB c2lls ey
(B8 - 1) Kl i) Gootasd Glal) o) e Shazudy DLt} Laio
ilazad) Lol colab a2l OB szt 2N ool 25 093 ey
Sl bugte b aals g ai g Lind) g ondh pledt i
52K |1 jfdie; ieliall juas Job Lo Gsb dpadladl 3,000
2046 J| 2036 dindl J sl

sl b olas W 1,0 Lo (gl bia shsds
S cotlaald sasbazadt 4ol SN dned) g ¢ 25 gall Lo
Lofuze slhasYf oda Ofy Lt eole, SO 313 Loatbadf Dlanzic¥
.{Allen [et al.], 2000) ;a3 (5o o

150
T
el 5y e e i Py
5 {(Munich Re 2005 5 Minehn Rick 1996) "‘1';
(20051 2:29) 4 p ol 200 22005 alal * E
=4 E]
1 <
3 o] 3
] 3
]
- 75
]
4
2
-— g5

0_
1860 1985 a7 16875 1880 1865 1950 1985 2000 2005
A
AN bl 2 Sl e el {Sonl Y 50 i) Aallal st (7-1) JLAN
-{Miinchn Riick 1996 ; \Berz 2003 5 Munich Re 2005} a3



Q_,aﬂ‘ ..\,,.-.51 g:l:‘_,.ab- el - 421

B U RLPUIC S INUUR g LI JL RO PP PR PON
SV e Sl e dgdally - ZladVE eyt ) 5 ¢ (g et
5 50 Loty 030,51 ST U gt o ks O - Ll
A5 Pl Geimsl BB gy Y Liay 12020 ple Jplon 22l
o8 by (Jadh Lk g8 80l a7 8eliS a5y (g1) plaseYl
U] Tiby Gl Gl 01 o) Bl sumeadl Cdlaalh OF 5
Gun s o edomgd e e OF ) (plany waise o3 Bn
2020 pte Jglony BN o 22all 350 Lacis | U gen sl
BU e 5,08 LS a3 Sl 13 laih gl i Gudisd ey
cstadt dondl ) slnadl 3y .00 SO e U e BT ity
o3V 33330 abad) 5yl coblas kil iy bia 013
SO St ai oF B=1) KA1 iy sz Bl Y joua
el 2Vl ga Ao gaze IV o Bdols ST a0 SO s
g st S 2el) 5 usl Sllames Jlizaly LsLaziYl
st Aehiteal) £ e OB el 5,0l Gt Ty
AV pn LI g Baimzad) Uty Pisinze 0,55 0
cllage Lyl AT Jomdy Loyi agioue b S0 83 2elly
O S e e gelazal Jgd Ldy gl and Lg:-ﬂ-l.% Jgeny
4] 4z (Photovoltaic) i:.‘i}.a:.!}.a.!’l pliswd AL FELLN AT o
el Blall gl g JaS L S0 L

Jradll Ltilie b 5yShe pa U Taby Tty ey o Byl 401 phisazadt (2)
.ra'lijl

45



140

'_;, 120
-]
41 100

b
"1__ 20
'Ji‘ GO _

% .

7 _j WITEI BTN
=Rk DR 8 30
% —mIaT M2 A 450,
. k- T Ui A 5
= 20 FERRTN b

[ S Y
4] T T I I 1
1] 1 2 a 4 5 )

(MUY el laah il e 3aamall Aol 1 G800 STgad
Gayk cey dBUal DL M g S0 sl B Sl il o(8-1) JSaN

Jal e SlaaWh Liad IS iy n o8 w0 502 el AN o Jaged
BUTTR S QR LAY

fadmzedl g Ll DUl jolas 5.1

O, S e Ralt oy pas Y Ul palas (L5YH 55
Olizialus Ly polf 550illy (gomond) pomilly ¢ SLidly ¢laizlf)
LALAE Gl jalaas?

el ) Sedll Jtash Lles gl ga (g i1 3480
Wl gopi Yt gl lzed oSy clblay i e B Jid
B b Lt Dt o et Bl O3l (gpm o
340 ) e 33 o gadl Jisal U—LF J_,..a,..U L O4ls 100 e JST
sty 3 el Do gl por Bus o Lg_lS..:.: op by <5 pa- M
A gy ey B o 1) Jpdad) ) T Ladiis s 50l
pagiadlh ciagdoms Wl L] oz 25 0a0 W) 50 padt OB cOLSH
dede Gudan olSIL d3aaaaze



o Lamatd BN Jy goud coleliSy Tllall Jyou] Y obda 1(3 2 1) Jgdodl
Adlzdes Bl EMals-

e A | G oy lis | () Tl sl o Gk ol
Lematlf
Bennewitz 1991 70,001 il 150,000,000 ;a1 ¢(g oo oo
alhddy
Bennewitz 1991 7/ 0.001 o il 100,000,000 ;. 5 ey (i
Kaltschmitt 2003 ®, 30-1 e
Kleemann 1993 1 0.55
Spreng 1995 (4)7. 0.1
Kleemann 1993 (5)'/. 5-703 1-01] iyeb Juti
Kaltschmitt 2003| 7/ 1.5 - 7 0.04 Lpdt Ul
Spreng 1995 (6)'/. 0.2
11 e gt 1.0 _0.01 FE U]
Hoagland 1996 1025 ety sl
Kleemann 1993 12
Green 1995 125_16 A pazaaly L3 ot i)

ity (3.7 x10'° Jjkm®a i 3.7 PJ/(km®a) Lelal ¥ 101 cuti- 4T (3)
opdnS Lo N pla . 240,000 Kgl 570,000 Kg oe Y e 3 b Bils Usss
.((humus) JL3,

clizal) olaliald LW pad DSy doladYY Jaw 2o e (4)

Lo Lo, e) (Gueetdl) Sl ound Bl 35,4 o e 3g0 s il (5)
) () 03 sple Sy

Wl dae gl el g gall et (6)

47



ke ki 5,00 opamYl sl Sl et s
(el bal) 5iiasdl Jaald San¥l e e Lt Lol
>WLJS IE1) LI (R PYR P R A ] ‘..,.]a_,J_:B_, «(OPEC)
PE PR EWE PP J3\ R JOTION [ROr-O JCIUON O QECH R VIO I
copbadly (DL Al Blef ey 3 tladl AL saelod
Iy Lt 5 Ayl 5ty (g mondl pomil] Site : Jalty
s o Bpiladl o LNl Buelasdl 0xiy L st
Dl Ste) Toteadl G Yol e e ySondly O e
il el cdainll shis] oualiy celpglly oladt &ls e
S ehil o) uli ol ] el e e (@
o o @apandt Lpadl Al 3 ) (5, Sall sl
cils Sia 5,3V ool - Gl 5 S bl sl
(S el g5 0pedy 300 g oS V) Gl il padts
o L e Gl 3 S0 B gyt Lt akhy 1T ity
adyy Lol 24 e e S5 L1, OF Y] ¢d 12500
lia s L_,s,,pi Yo Osde 900 il Jad oty el
lite b gralt el B gopim W) S350 pa Jpeny pe
ol Gy Bide daleS oSOy (9-1) 2N iy LS s
whoadh el g’ ey 5 e OB (Wljme o> _,T)

48



EOP R U T R P

1 :

_ B B 2003 el St Yl S

4

-

N

P

-

5 P s

2 b "% et
.

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1570 1980 1990 2000

@
(2003 Jle ais fgefl) S e Y plty Jadh dih e a0 skl 2(9-1) Jsdd
cgualall Ay 150 0 s

CRVES STV IR WRIISPS VI B VR IV T VIS O

LY b i) LT i IMAzd Jhas paidint Ladie Lpads
1) S ) bt Ciazs b (Les iall D siozal)
(9 1) YKt ) Lot Bpudl b laichh pmss janiih < ((10
Ciazs b Gaalis Koy (3l 3hony oS05) leadt 531 2l

werbin ;Y
300 T T ¥ T M T T T

% 250 1
q 200- :
& 150 1
9

g 100- 1
;” 504 .
4

O 1 L) T 13
1900 1810 1520 1930 1940 1850 196C 1970 1980 1990
s

1900 plo s pasiall LY N 3 kil L1 sie IRES Jane :(10-1) Jai

49



oda plisiad e Lol Leleza ¥l o JUCICIIRER v
oealt 51aW planst Jte (Lol slze¥t 5 Blall jsladl
ses Ladly «Gadf L olasbandly ¢ il Slndl 01D
Homeyer ki) ( paerdl ool (o) 2o dly Lota80 Aol
St Sl s gl Sl e o el Jias, (1989
S K (B e gh LS e B LI oty A,
LS).&.‘.‘.....AN (_,.n;,.!'l ol ('J <1850 {-Ls u-ll 1700 {-Ls o D11
JEURTCA PR (N P I SR PVRUOPY | § XES P PRPERRRY IS U
M e 50 e P31 ) slad adsuil jludedl Ly ¢diw 300 o
sl 3 azeadl a3l cpgally 19555 1930 oale oy Lo 5,241
ke Tslazel (20 120 I 70 Lo ga sl Baaly da s ey
Jo ey G5le e T GRS Caeliad pomg iy el ol oy
S e ) Leai o7 05 L OF e o Sl (2 150
Oybs 70 oo bitedl 3 L3l Coanld 3LSYH wles 2l 4aS1 3l
agla mdyu Y L,.J| Sl Ll 12000 plad Ty 55 Sl Y55
(S sl J&5 2ol cdeliall wliadly ¢pmandly colitedh)
oo #lael O g o gy o™ Gt ILSYI o B CAIST OB
it Gasy Lol bple 48 Sl s 05000 4,1 My
(1990 BAM) t5alall ol (g3lV) dgnalis
Lady) ately 20 dalasl JI) Lp el 55080 plisezad gogs
DA aa GaBlit be el AL b (Lolazarty Ll
) (Mnster) j2ui e dnslr oo sl s prad iy Vil hayl

L OV aie pdacll La s il Jladt plai M1 oth Gyl Lash (7)

e o B gn JSks Lgco B2y Lzl o oty (e 12,500 :Dea 55351 1)

HU o il (g Sally g MWy ¢ il pllatly et LesN) ada (Tans
bl gt et i) Lae 055 Ul 1 O ULy . ot Dl oo il

50






Sprengy «Cap (1992)3 «Real (1991)s <«Hagedorn (1989),
o5 o ol Lasde (42 1) Jyaadl 2 (&) L. .(1995)
pedlay Godedl 5 B D) Gpandt Lol Sty clgle J gl
oL oS L)l LYl s ¢ bl diall IS «f Lites
~26 gkWh | 318-230 g/kWh oe iy yal| dlanslpr Zecea)
gl plasealy AW L8 5 S St oy 41
(O ySekadly 33301 3 smally 8tk Rt 8 leadl o el et
H 03 mm e BU U Ljtaadl Sladl 3 adss (g e o
(Alsemna [ot J55 o 1,550 0,25 20 odll OB Mgy 0.2 mm
Rl 30 ] Bl 325 ek Lehald oo Leys all, 2005)

Aasly Sadmeal) BiL clbazed Lillaall @il OF e 0d
Ma OF V) colpdl 53,0 aa i 2B 43 ol palt L5 Rl 5L
dntiedl bl 2,k OV ctandy Whizon iy O amy xS
o ke Slogladdt a disall L fdaad) i (RS O g
kel By LW U puadll

Bl o3 Izt O3l oliy o,las G aldt B
Jenidl 5y 8y oS o3y . (Energy Amo.rtization'Times)
Wi e o3 o3 G B 350 Jte oyl
Ol o o o (g ymeodl @meilly Aale arny 5545 Lamad
83 dazeny ijlie By Loy 1B 3 gl i cldd
POETIVUN NP [ DPC W PRSP RS PJCT| PO PY A JWW- 1
5 gl e 0y Ll e Loty U0 Wlsee 018
Loy o3 ) Lyl o aday 50l cllaoe poan o Jeas!
5,280 Sadonzalt Bl poliaas (Jgr o8 o) duad oo L) LA
Lels Gz ol 548 0L fand Bl by goudd sliie 5l Lo
Blalt oyt lite Sy lodows b 03 Szl ) lzes

52



o .1:-53 yi ECTRN L1 PP RPN TR PO I o= dadoezall

LTI |
Glalh jobas bypoest 0 SO0 dnsT U Sladl (42 1) dyuaedi
olo wilypls I3 COp o pladl) ol g8 ) Badazally &) i)
2005 J] 1999 ple pn porjod Uiy (ol 4SO n

Lt caatsllS | Vof (3)“ $ | gt By " (1)_,:_-'.=3L'| @-_,Ll
(alsema®p, 3-7,| (Kel-ehmitt [ 1997 | DB 1995 | DB 1995 | Po,p 5T, |(Faninger)| 2450
5 fet BL]) 2003 (C0, 1,i50) (Stelzer | 1991
(O, i) fet aLD
1994
20 a0 | o
960 | 855 pub
910 o
L
11466 | 11356 0 o
1000 839 §78.4_ | 104900 [ 9177 | sa0_mo [ se0 o
881.3 2
T i kil
400 199 T P
8 .1 |s7osa| 1 07 | 163 80 55
Factl
2110 1.8 14 100 e 508
41_26 279 _123 313 _206| 612 517 | 300230 i il b
el U f Caadt a5 php Laladt Jslish ] 425 1991 il fwlis (1
L1992 t..J'lS C-p-J...U

1993r'l.ﬁglu.u:-1ul.ubadld.u.uurL‘l1994_ul..._u.ld.pl.l.j|(2
s G L BIcS [ 11 (D B, 1995 : por A0 GUYH Ol Y Jasdeh ol 2 (3
Slze¥) L_,-.\.,,-T (Wt yarl yil) Alal ol s, FLb oh3lad ALY & 4 S
1992 GEMIS > ,all Gy CdTe dolio L oG

AP S T4 I IR PP TR SN ESS TR | - N I PR P I PPN €
1700 KWh(m®a) placls i i b il 4 ) €211,

53



L) PEI [UIR IR N [ ST PR L NV O TV SR PR
3l 305 SO st 0 el S Sy da B3I
o b (Last ey (Ll p Koy <5l ddasead AUalSTl sloedl 5590
ol ¥ 2] OF o 08 S (N Jon o . pupudl Bale] U
i pte i T..\:.a..u potiedt 3Y a0l e el B3Us S¥gnl o
g1 03 L3 oY pe 0S5 OF Sy lia O U5 may ¢ Blas]
C’L‘.‘Jl q’ Aladl an LaS) Gaumazs Blb olas Gk N Bl oda
PRIV (AR U P IPCIPN CRILEELO I PR R PWIN |
Blall oo el 0 90 sls 2y praney g oY1 yay ¢y
o) 050, S e S Bt r Sl Iy ¢ Anisital
A cppielNl e e 22l (390 g wsle] o e Juildl B
A2-8)5 (1 -8) sdpundt Lalf

i ziadl 42l 7 2 1
el O CanS Lyl pa ol ada e Gyl
ol 6, Yl e 35 &5 gt il ol pall it
Sl lae¥l L3 AN g <3 Gl .0y S ] ot
W e Jalpe Wl b Lay o tpaast il yald 2LIS
LY c‘__‘.ﬂ.g).g_i.!'l 335 ,ally tr\m‘Y\_, vaaS 2l y GJ.E.:.!'I_,

) LS

zY 1-7-1
S o il Bl Y1 G,k i ) BLAYY
LS Lo 2o N1 25W1 ) o3 1 Y1 bl 2 Y
ko) Blal BLE| Lads aiay (ol JK2 Ly L35 pas] 4l
Lo T 050,50 st 58 ity (s g ol

54



sgoll 2721

5_)..\.3." aoma i.b..a'lj.l SJJJJ.Q.!'I i:.?l.sﬂﬂ'l 3l 3«4‘_)3 ‘..'L:.u-
Jro dhall s ol padl poesr LoV pom VY e 28 007,
Ll oty colalSaiVU aidlly cplas¥) ad el
.Jﬂ‘J-I-H a.:\.g.j HPCHN| CJWL&L‘J'I_,

oel3-7-1

ol Jleazal I o 051, S dewaST U Sdoadl iy
(Life Cycle sLomdl 559 Jodond dlaal gy 4zl s s L'.,.?J..a.:JJ.s
doudl Gadod) G—_l:..i}U Late 4y b 45,5 Lils U . Analysis)
c"J-g ‘L-A-_Jj (I'Lla.i.!'l (:J_E_.;_ of ey «(aaladly Ul U.'s'_)_,.l.! UJJS”
STl W 5 gl L Kal Of uS dgm s o 330,01
ool szl 3 JeNY aa ¢ JalS pllad  JaiS ol 22y )b 48

Jeridl Gy by gl Bale] LS| Grendd ma pliaddl ol S

0.,..;-'.'.“4-7-1
P A e Llome L5 panyd Lelail i pket ya Gugll
cplat¥) fonich e ol 3l Ladad 2l SbeY
J.a'LG_, ‘(CL"'J'” i.F-J.u_, ci.:.':.-_)UJ| SJ'IJJLN FESLY cu.vlt.g.a.;\”l_,
i=lsL6J|Q=..,JJ,JCL]=JCaSJp-U.LpoUJ.§J|U.-JﬁJ.;L&:J|
Culb.” CL:.:}“ CJL:.:[SAL ;.ubé &.u LAS .'LAUJS.D ‘-J.:.” CJ‘DU:J‘
D, ST 8 031 e potdl sl

55






g.swﬁ (il
Ayiguailghll

O s ol S (N LD Sl ol o 4550004
it pad al OB (Bl JaeS dbze S8 plsad dl oSO
i it it Loy Edoezedl Bl Jlres 9 Lage 1y5o (357
Cppun gl A5 83 g podt 2eaiWH Of gD) 3850 ol 2T o Bike (o
(s 25 b ) Dl pibiaadl mind) Jogb () see Ledy
ez Slmy plusen¥l ol 5 BN o L0y cdtslay
03y mall Mo godl olus] L o8 388 oy GBS Ui .S
AT Lghaor Ky Lol i) Oldas OB cells ) BLs)
Lsiy oo bl g A el gy il alis ol
syl e 3 e aibaddl 5 I OF ) (2005 ple) Lol
s Ay 4 C;-":":-’ b Balas Ol Ao W, 3
SN ol 2006 ol (B 0 pShendd il L) CHICTH
Z] CadlSS of () 5N e haadt iy s 5T 5 Gaisua
et IS s 1.6€/Wp 1 e/Wp o la

Lo ,bads 122

Lodadl oy ezl Lany oo Lol et LN uts
o s 2t ((Green, 2000) 2l 0,50 T Lagol
T i pregadt OLAN G5 sleke ca sad g 558tan 335000

57



o Kagn 0,21 ll3 (Max Planck) iy jSle iladNI LSl
Ll sVl o Conied) 6 padll dade ks Ujplowe US2A
Bhade LeisS (3 Bl e olod bl O e OIS et
4 Al o G3s55 Lo (Discrete Levels) duadin oy ptuay
(Albert cptztol o dl 5ile U1 Y1 e AL oottty
egeddt 0L 6,2t <1905 plad €dyjiae Yl 4wt 3 ¢Einstein)
g oy Lad et (G yuiie (olaand e 045
O e dazay Bl - [ e Jldie Leia SO < (Photons)
el eall Bl Canns Iy allzad £6,50 wlig,alt L0454
EOPY L - JOU ROV S [P FCPS -P- [ IRCTTVIE 6 PRI SO |
el it 355 N1 by L T B Loyl dllzes
Allzas Ll ¥ Lol a0 b o el Ol jony et 2
U p gl Gl pall ey L el ol gl e el B
A oS Kl sy Ll ) ol a2
(Brwin sy 2 oY Lo ol Dslaadly 1926 oo 3 o}
isba ) Ustaodl ada fouy (Wilson) O pulsy rU . Schrédinger)
et SRS s ol s o Ul 1930 ple 3 L ball
Lady cdsipmlly sl eSU sttt edhbs podl oo (ol el all
S LS Lpatlas S e s sl obtY § el iliall
Lot )l el ey 2SOV I3l padly e padl by
At S lald g Lo cisledt I 38,0l 3 < 4
Sty o side oy mSOWE S5 S padl Gy oA ey B OL
Lle Bl Y} zlimd oy Lpodns oo D3al Bl b a3
Golaty My L3S ol § o penial Cony ayly b ada L o
Blb ) gl Ly ) of sl (oo gt oll Lo Lad
Bl L) at e g (B el el U gl oy e i

58




Ol e ¢l oo ga 0t (505 1S ) 4SS
SS9V LSSl de )t 4151 (Russell Ohl) fayl 42, casas)
O Loa 508 T ko) Liaiza 0155 1940 ple 3 Bally
ke boan o oy OIS Latie & 0,50 onad) <l sizay
a5 S 21 o s 15255 0 i Goball ol
. (n-type) (- f_-"') 1l old jatlaes §,KAldl e aUg—T
iy 2SI o At Dol Ll sl G yms pathiasidl ala
Led 015 058l on (g 51 Ghbiay ILLI Lgitim sy 35 ,onel
doati Lely paell G pasy (ptype) (p - gg0) Wi pad atlas
dr gl Slimetl e Latla) (plte 1,8l s coliy 2U) am
Ol cedln O Ludlyy Bgadd JUsd s o w3 02 5a9)

(=

syexY) 05 5 (William Shockley) (St plliy Sy

-¢ Mo y) NIy i podlr GhL 0 oMoy e TSI

ada polt il sl Jley <1949 er s (p-n junctions) (o

sledl 558 A5 . S gY) Llend) ool it 2l panan 4 ksl

et I Lot e co 1 cotinwnsdl 3 ool

Joa et ] ool ko 1ny 1958 oo 5 3,1 ALl
AT S9N clbiiall dus 3 sbiall $58

LSy o O sl et WS (gola plutsezad Iyl

ot ol Gubalh sa Mia OUSy 1958 ple 3 Lha dsLal
5}.&.!\».‘115@.1:.&:.!\&9,]&:&}&:—&4& coL_:..:a._....J|cUuU::-
oYl S ey LJ5el) et LY LS el sale]
JUETRURVPRT A R TR WP R P AL B A AR WA
90 o 5adly Aeslell AR i yrdl 95 Lo iy €y

59



ol 55lanS 050, aesT S Sl e padsl ) sxel
S5 chadiadl L LIS an ctizdull 5l e 5kl
oo ooV ciadl g (B dgljme L8l Gl Y ddates etiall

gl LY

S gl 3l 2-2

s (g3 Jogs 4l agb e ile (o el 4300
LA T Ble BLAY dnean o - p Toy o 0,55 a5 S
by )l e Lyzmall) oo gall o 5550 ) ((Doping)
Loditinadl 4y Kbl Toa ) WSS 8 gzl ol p A0 Lianlis
L) (1 Cophangill 13 a AL Sl palt S 13 (e Sy
Galastd Uy xSI) dag ) dadh Cdlan 4l cde e oty 1ST) des
O3 2SI Ry 0 edd (ol oS A B Al 5,00
e At oda i g ¢ Iy S, Lt el
oo Mgy AL 5t et e (LIS LS sue 3,000
e Sally . (rregion) o - Likially LI Lilaiadt oda
LS ol ey 5yt LLEL [ (pregion) p - Alatadl (o pedt dakial]
s sl KRPIRIG iy LRPR g.‘:.!'l O3 s e
oskedh S, b Ll I Aael Laths Tapain dmty 009,280
Cipplaeadt ALY e tapl m ey O xSIYE e L0,
g5l O S e s paaall Oy 2SIV @550 55 Uity
AlBite g 35 mta Lo go Lioety (HolE) €623 o5tze) Lo ey
g xSV e 28T 5 ol lpaddl e Tar S i b gy
latell ads b iy SOV e ligey cp - GhLadl 3 3o
Lokl Sl il paedll o Loty LYY Loetd CiMalow
AdeY

60









£ cheeatdl LS e 2a2W) b gi wiey (3 22) S|
FYYSUIPY U PR Y SN OV RIS PR T IR WP P T
INEU R WEN TR WIER S PO RSP RIS T W ES IR
ey (12 2) SN i) L) 5 etn fom Daplin Jooo s
oD dilssen 0 Tl 2y 431 5 pgdly AT G ity
lagadl atlias i Jo-! 4a (short-circuit) I, adlt 3 5ls JAd
CHE S WUUCS -3 F 5 T SO N PRRUTX PR SOOCS [ R ES | A KO
Ve i ziall 3,311 e Yl Lle i S rad 55
[gi ds- 5 ‘.J 13) bl dgaedl Capy Ky :(open-circuit)
Lash o] opSaadl 4 ol 28U ¢SO 5,0l (o pnie 5,85} L3
Jool> P «Pop i, bl il s Lads] ey g‘:.” TEpUN)
10} gl Voo D gried) 83001 gy Lo el 58 53 o

Fope =1y "V, 1)

op c | oc

oW o Ll P ¢ (5 gaall L3 S 3500 ol
0135‘ cM|MMIJVufqu|J_pi>UJ

(Maximum Power Point €g,aall 5503l iads?  laas,
dardly Imp Al (5 madh doidl o o pall juolsy (MPP))
Vg cdgrd] (5 poal

FF (fill Zazhl Jube oot Pop ) Prage ot i)
(4 -2) J8 huy Aol jlas tidenasd Caiaty «factor)
AV ARG sty Voagat o dlus P 5,3l

63



s
10
-
0.8+ "
3 osd ES
< =
= 04 o z
0.2
-"’“
o T T T
a 0.1 0.2 0.3

(V) aad
s A0S Lt LAY sgal 600 pailai g agad AN ailad (4-2) JR3
Tmp 3 Vs 52 (MPP) 5 sl 5 p0ilh dais Liaf G20

SNSRI RPH L PAREPRE PH PR R AP
et LI e gslat] oF 55l ] dor ) Aty S
Jromalt BliS alany] o2y Lichally Lolald) e mpp dazasy
:(STC) (standard test conditions ) i lias ,asd Uiy b coms
i3y ¢ L) phaid) Lo D3 pes 1000 W/m® L jii Losla]
Boled) Lmat) olatil by ik a5y cidinl] 25°C 3 >
(Air Mass) 43,0 d2s5) (gt SR SN 41.8° plis f 4,15
Ao Ly gl pdl) o gontl) 50LaS O A5 oLy (1,5
Lods 2zl b 28 g dach) oY) ot fda alyy g b e
Pty Sols SO Ay O 5L
ebazdd Jag 1a L2l b oo ge it s iy pme 0S50S J 1
ul Gy (",L-J'l N EaND O 5 4dll aed J.F datay () 5 gall
L.......u.a.m.ad-.o'l-.a_-’ld.-'l.-.-ub r._,.\LJ&...L......u.L-é’IJ.A

<A t.‘.IJ'LaJ.-_’.IJ'I ;1,1 eV 'I.AJ'IJ.AA UJ‘:.L.-U e_’.'gu.“ l:._-.ﬂ aldb _2
Gl of gl ey B] Lol oz Y BYH Skl

64



AN jalS ipigs B BUa e GAAN gy 0 g5 JeY

didlh cldarey cddanll oda iyl JK8 de o (LK

Sl Ll ey Lo Gt (La LLSYI

obial 1) deetdl sl €Ladal Dilpuza I
e sz Voo G gzill 3 51t ) eV gL ¢SO0 agdl -3

0.7 5 ojludn ity o - p JUEYI Dol laal) agdd 35

AL

ais Il gl B padses ada 4 kel Jygml sliS
oo OELN Lttty wlSail didl 2o eyl diill Slles @

Lad Gt Lazd) 8 LelasVU daally Zabe¥1 coleadidl
Gib ) Jt e dhad) wlayglil s Vi diill oldas @

Gk ;o5 ((Sheet Resistance) e dall Loyl y colodis])

A(1222) S ail) g3t e dloadl Aloalalt cobe 5Ll
.(Recombination) s£Y| salel it wiles @

rn ol B3l 0433 g (e datdh LN LilS
eS8l iSh awd Bpaidly 09,25V oo a3 (I inn
Jleals e udl LTl selasie ¢4y . (Quantum Efficiency)
BelaSUID pp5 Lay hpatdl sl b o WiV uadl]
Agraan ol 4,50

313 57 ((Quanta) Ball 6ALSD 4T) U y3 4all Bl O e 02 Iy
ke p 43 Lgta S O V) ¢ (il oSa 0338 (i) Lnss 783045 s
lgd Al Bl LSl 5 il y 05 2SI o0 Jab sl y 95 Sloniy
Blall - 4edl %0l ((Spectral Efficiency) L.adalt 58Tl Ol
BN 05 LS Lasses Lottt ) 2 el 4y s3I
o Bl e sy bodie Gotond L 5eliS fuaily 4yl

65



02,250 e dly g olansY ladh Lals Taild) 0,p5,a00 e
o Ay s alag ) LIS e O 5 5al) Bl 20lS 3]y 8 gl
May - hoo (§obons Jf gzl il 3lalh OB 3 gty 0,280
Lot LGS 1100 nm e .SYY Lo sl J1pbY) e iy
OB 0Kt 555l b 3o g gt gl Aoz y S ,SA
LN Aot e Lo do ] Cilzins o) Ldndalt dnolin)
Tl g Loy gkl g iy codhel 3,500
(Spectral €.a Ja)l Lla= NI ol (Spectral Sensitivity) 4.4 4a
(5 -2) ;AL & o o2 LS (L ll 2150 Response) S(4)
Pt B4t Lo depie fpoef D) O 574l DL G%aE < (722D
ooy kel 36LiSH alamy] @2y - GOA) 5 E(N) (Bpla D) Laily
s Ok die (Modulation) (yranazl) Ll Ldsdf lonzid
WG S (g3komit i plat] IV e Ll (5 ol Loins
Sts o ol ol sV ot 2 galisd i3y (1.5 AM 230 4a

(6-2) SR 5 ot St e ey Lslet)

—

0.5 4

04 -

0.2 1 -

(ATW) dad Llatyl
o
o
1

0.14

2590 Hm 5

D ¥ ¥ T T L] T T T ¥ T T
300 400 500 600 FOO 800D 900 1000 1100 1200
(nm) g salt J skl
{ASE £ 53 5 bl sasalia g8l o dpeed 083 Bl Gidal Glat N 1(5-2) JN

66






Soad gl 4y 32

(WU SPUP S WOUREY [ 8 EN P RS EXNL IOL < 0 PN
0.3 V) o ¢Sl dganll G5 ,mnie By, Godiod Rib Sy
L praalt 5 00l) Jadll gty (04Kl 0.7 Vg g il 2
o pmardl el oila o Sl PV m i (e 510
by - Il o Latdl U Juo g7 o o el L S 35
et U p €t S e

o Lol Bsle ony U T LG bl adn OY,
Loghiialld o e e 05500 Laeli Lmrlary L802ud i 0k
WL P TPICURUTEN W PRI E SCPWE Y PN -SO8 U [ WROUCY
RCTTIO I JEICUN | IURR JO8 | N PRV 3V EAS I W5 DU VI PR v
sl on Lad 2Kl sl OV Y] (BVA) ) - b
snza (6ol Sl b el pSUdt Sf ((PVB) Jeadll adaza
s ol ey i o 1515 pay ((TPU) oty
Gl 2l 13l pdtan ool ol BLSY o3 Tte dy S
ikl o i para o g ymed) 5 0 BB e 035 Lalsn)
PVF o (PVF . iy - PVF 4l PVF _ oyl _PVF i
Uioina daglatad Lpand bl o fonddl sdaze sy, Lidl ,a
Ll gt esls 13y ¢((8 - 2) pad L) (Laminated)
JSAN Bih) (Bncapsulated) t4ilae dalated Lpers Lifs < gl
A9 _-2)

68






ql_’T Jor Joe s (4 -2) (3 _2) ONKL)) Laa k) LGS
qﬂ’l i3 pa pdll da pdanalh quls 1) sen2s (Variable Ohmic Load)
LS apgandly LA s de g e Ry clgslad] o2y

Jendl i e BV pouall Ldaas | )
3 G=1oloo'va; i I J.ai-zdl;l;-lail‘s;ﬂ' J-:L'u'.*r

G= GOOWIm* (MEP)

G = BOOWIm® r=25C

G = 700 Wim* AM 1.5

G = 600 Wim? i
G = 500 Wim*

G =_400 Wim?

(A}

1 G = 300 Wim*

1 6= 200wm
1 6= 100wm \
) — R ﬁ\r,_,_

T

0 5 10 15 26 25
(V) ol
Giele] pil 5l 5amia 58 &5 sl i Ra il Nl U aams 1(10-2) S
AAM 15 5 259C sie wuuldl, 2 b jadl de oS e} dikine

o ol L2 48 558 ] (a5 BV ozt gl dislan

A(MPP) (5 poaill &,uill dhais, sloral) daich) uze L) 2§ el I
i smadt pasill iy B3 alie] o5 ddh (Ullazs UL Juandy
L ) oS dze eatl) Cinday adayyy cinhalt ety ¢ VLS
LI Jomls 550 - dom 30y <1000 W/m® e Lelal)iy (AMS.1
Laly «(TEC 891 TEC 904-1) ;yasjlomall opaullaztf) °C 25 wze
(119 1) Jyamtt Layl haity «(DIN EN 60891,y DIN EN 60904-1)
dgr b b s 2B (G D E Lalasl L (Gadadl b
31350 oos Lo pmgh 2y A2 gt gl Do phiza 1 2o pzia f 3 20
dgod) iy ¢ Lplall Ladsial) olygzaed) 3y 1000 W/m®
o bo b il 5,00 L5 Calingy (10 -2) K2 ) Lzl o)

70



B0 szt ol gty iy 2SI 95T a6 gy SLE O Lslat
Gyl 55 O ¢ Jitlley Lgpolazad o2y 2 iy pdlh 2o
350 ;o (sadt b Lolat W) o onlis o] il A pald Ehazony
Ll s gon3 3615S) 1000 W/m® ]

It o goncl) BeliS adse (LeladW Ladsueall ol s2aald
Lo glie) ) Lo g 5mn Lo glie o datay (o) gt b )
oglias A Ladt LYy ((Shunt Resistor) (531 520} e ilaze
om A1 Laidnal Lol ¥ Sl el 2aDhe a3 L2l 15 5mmed Al
Ll ez bimg) SLalh g 5mal Liddiis dogliey 20 Zanlf LSS
(CWCLE REN /NP & U PN

o5 Lelall ol Lie sl LIsH 50 o Do 53 BaLi)
5Ad palisdt | elly D prin) s 0l dgo LAads ]
i) (K odzd g 05 s Kz o 0.4 e, FER N
(11 2 2) 8l ) 43,8l Al A

—r—r . . .
il s il 5l Bl
3
25°C{STC)
T=20°C
10°C
2 o°c
%
=z
]
D 1 T T T ¥ ° W T 1
0 5 10 5 20 25 30

(¥) 2t

Sha pr x5 ghl Braade Apyale Ayl dehied dpall AV ailiad (11-2) JLAD
AAM 15 5 1,000 Win® sie Cubh s delall G4 o) diliaas )

7



L 2, sl 1 132

"phnbo Rg I‘
- ANAA—o-+-

e

Rl.aad'

A

Coalgh sl ol g by e B RSN By S0 5 Al ey e 1(12-2) JOS

Lo S 800 by @l (12 22) K20 laih) cusdy )
PSP ) o Loy Sy (RIS

IR
£ -Io[exp%—l]—rxp (3)
R, =R,y ™™ (4)
_V+IRg _V+IRY"
Igp _7&0 |:1+a[1 7%' J ] (s)
P Yoy Ry L gadd P deghiiad gl - L2l atlai-
_ g3V +1R,)

R

Uplall Jala a
Wfm?) islt¥l  E
@A) spl) w2l s L
@) prall S Lo

1602 x10 ~°A.8.) Uy Eeutll
() il aylie

(€20,5 J 0,05) J I aglin

(X) dalkll 5,0 - &

A PP e



W) eV e Vi (A) @A do A Lyl S5 Tmp
Je bl alazel Julas e (1381 x107°)/K ) oLy et k
(m’/W) j Ry )
Gelalt Wl m
Al il e Unazall Laglaadt Jhs of 524 caste
Lrdyai fagd o Jelaall Jlao, (Zimmermann) 1995 o1 Y]
0 Lezed Ry (632l Laglia 0,55 Sy ¢1.69 X 107 W/m?
25 1000 W/m? jlider LeladYl wiey «pMBYH dl> 5 350
s wAbas (122) Jguadl 20 70 Q ) Lagtiedl odn La3

St 48 50 )l e glitell Sand Al 3l

S Al clagla2 213 _2
PRCIIPEN L ER i FEL T SVt SOSS) TH
S L sy gl ga SV L 53 jamnall (28 gkl paH
dger e DUSe ol WM lasd badd oz caaall (goladdy
oadsy 43 sl L Lady S Jee s Jal e Juits
domg Lo Cn gzl pedae o S o S48 pupalt il
LI Al alS 13y Aoyl Byually JSOH Ll e L
O ey B LA 5 (e Sal) dgdl O € s Las 3,08
§ly SR (g o 30 (] (a5 L BB dear G pa
M,:rq‘ima.buugnu.a,um_m‘aiosﬂ
N q.'s) 314 ke (Bypass Diodes) Ut ol pa] oo glad
S (gl sbae Lot s b U (et 0500 sLas
30 LeS) Lwall) UM 0 8 yume ks I S datl L)
¢ty Ll &1 A paisey batiad (13 1 2) Y8 3 e
OF ] (Jeaze Jamedl OF (o) 580) Lhsel b Ko g Loy

73



Jles sl a0 2500 G151 g oSl dl i
J-n-‘-'--: 'Ln.-:! &J}-‘E-J’l J‘fﬂ’l )x’lj L])‘-‘-" ",JSJ’I JL:"-'-H Oy ﬁj"- L;.iJ.‘.'ﬂ
i) I 55l T 1AL L

SRRy § Jen

o B e R 1l e 2 J S iy st e 3(13-2) i
el e Al LA 3 e A0S0 AL

dgor plhsnzad oo USEL oda Lo Clizld (5 Y Gl
P PR 0 19 | WOUCL T XEN JCY IOV IV U ER PV [
(0 ke 5 el 3as phhinzid gl <Gyt Badaze) Loty
155 520 Ao galay donadadt Lusa i LYY S (Green 1980) Lisf
&0y 2l g1,25-) o) ;¢ (Integrated Solar Cells and Shunting Diodes)
(4,323,719 o5, Sl g 50 361 519 524,519 4,

L34 ¢S Lo kY bl 3 _1_-3_2

esiead IV ad L) Judh e Do L) SOLLYS
G0 | ISP SO JNTPIPE SRV - PIF IS0 PO P PPt
Lib thin fame Ko dylie Ll ]l pies B )
o) laphiad) JB L Sy e o (5L uli s ,) AL

74



o gl ol pald dglie 5l o S i 354
& LS T BN B S Sl sl pres o LS gl
Lﬁ,s,k.!'l & ylall

ol e el fudhodi 4 _1_3_2

Slastall 2e) 5,48 oSS ohiySa 36ldS olajT Ledie
s e wlegliall Je 5 on cdgaell B2l e ((inverters)
Ll 0535 sy ¢ Ohts Bzl LY S aay
i) (OLYI Jole YLt 500V) 600V 0,5 dgar ail
«(15cm 515 em ) 10 em 5 10 em) L o dastsd)
.3-kw,, sl 2kW, 6,.,» I ppea 5308 gmy Mo OB

V ead ¥t agadl Salas 05 e el i 5t oy 32N
N bl oo s o ((Adle Wil e Jsmand 1) 600
S e dhe gy Jm s il e (Gla el b
N il oy plis) o R (Al T B gl sl
e gl Jlemnad e Loyl agadl ) e 05 2ol
dBy plonedl kil €ipdis? Jalond fudlad 42 OB (5
VR I DU VOV L JPE TIPS s N U [ FIDESDY EX W RRIR 1 R UP L
@alit) dpa LT e Ads JS' 1 Hoall e cls ol
Uk &1 g Sadsdl 135 (14 2 2) JSA) LwnKalh oyl
dop o (b s pahtd) Ak 8,55 ¢ e 1 doezs I3 uay
wpdbeadl faodh M Lol Jlagly Sl L2y 00 dSs
IO DR IO § P FUIRE 7 P TIPES N P P ORPT oS
spls sty dgadl B dad A o Say (Lady .ols il
sl gl a5l ool Joe adsva a3 O

75



Jlanadd los] 554l pltsnzaat Lyl 5ay s . (Schottky) "’qs: ~
A Job e Jarhy Loal} bl 0 CALKY et

¥ WY SR Y !
FLER
T.'_'l'l_‘gL'
‘ v ng
‘ RWW L 3
AN

—

a4

b 3o LSl Glid phidcad o (55N Ly ol

830 2l Bty sl ST (g b clad B

PP T SPAPERS (IR W T BTN N CH PN )
-

LSS adlaasill 2-3-2

g adalil_2_3_2
Ca LA | Lt gl e 03K prdeal
priad Loty c0iilind 2500l b Dughiin pamy gl - 2lzdly

Oyl wlsgls J 0TV or Y 03 ¥ 0K sgdl g sl (2)

76



ot S - Ll LB - ol -l e 038
BG, e 5yke L] Sl L tiouiasd 154082045 Laylate
CEVA) kW - et - clzed o (mm 0.7 ) 0.5 LSa)
rrial e P 150 °C &)l - Az js i Codlas o= gl
S5 5yl et domys doe EVA 8 2l l o 0 ey E.J'U
035 pay pupadlly SO A b ekiad Ldas faoy
oVl pa SLraS wiady cediaz Jobs L8yl ol
1 Jamt o GLaoND) daeind) 345 et dadl Ay
) Gl Bg3 Ll Lol 8l Bla] ez (1) 0,0
Al il (b B3 gedl DU ol - J..:_‘o It
ke P ‘C'Lo-J.!'I ) YJ.: Hirmiaodll L5400 030 degdaiall
- pamed¥l ot g Jaalh - mddl - Jadl G, e S
Skl oYt 4a (Tedlar) Jugzlly 0.5 mm iSleey Ju
S Lot 31 1Ny L (BVE) il saaze gy phdl slnd
Stacy dodt on iy Lyl pdlan lo o0 2 gan oo
oAl ety epall L0le 434 58 4 mm | 2 mm
b ki slpadt s Gatlad e dyzalt (S0 2039 ts

(14 -1 J A0 -1 dohandl 3 Gl

JUayiJ.g..‘JZ 2.3.2
¢p gl c,u_pu,t_.t., u,.a_J,d\ ub,.la...ﬂ)b
Ji..u.l.pj_..odb ..L..a.Uu_,'Lu 4.33\'_,.9 &JJJ#L...; 41:....-|J.3

L) pal) o lal) of o) Sl Gty (25 mm LSl L2 270 s Zaylil (3)
200 Kmjh o> £l 35 ]

77









cpgad¥ b o dgmdl oS ol pSe G ST St
Lol Louy el dagtaadt LY L U alaoly
b o Laphidl LSUs OB g5 Aol ey L3Y AN
JENSS RO BRI (RERPURLER TR SN CCOU S TUPRT
STy Jalall L OB (48 gad il cleghiadt ddely gkl
oAy atall Lsmn gyee | B Jrme el By ea!
I &l e Ny st Lal POPWLS R R u',ln.‘.ﬂ
i groeadl LSz ol ell (5ol 2l ezl falas ol e o2 Al
O ) e Taslinadl OF V) sl alls e ST Dagleall
06 Jully cladlaadt ddae sl 3 Lglsl 1,88 55,0 0,85
) Tophoms 0350 Gagliall o

et Gy b b 8 gyl il gl patboas 4 -2
A sl La LS Dol Lo ¢S 35l
UL gl 3 il s A3y 551 poudl s sl LalS
IS ndeianadl 5 01 G3uinzny Byphdl Gpplod Skl Tma
Sl 512 e e pa asdaly el b N OB oS
) 30 K fuias 5ol Gs b B35 Julde 22l 3 15
Ayl Gl gy o) el oS (1 - 2) Sy
o S el Lds 300 K 5y, b s OB ¢ paasl
matin oy IV Lk s oSy el oyl B, 2
) Aot T ead ki o6 aglall A 3 ols JSKy
oKes b BT el Ll LA oy s Lis O oleiyys

et G 8l e

8O



L8 goiadd pill Sl plizal) Lliadl (7C) §5) ppudl Zorj3 eMalas 1(1 2 2) J sl

AW

TC (Pm)| TCUFR (% /K)| TCU)|TC (Vo |immsblt gy
(% /X) % /K)| (% /K) 4t o]yl
- 0.3619 - 0.1265 0.0411| - 0.2817 | 1 o3, i)t dalo
- 0.5035 - 0.1642 0.0130| - 0.3413 | 2 (5, i)t Gl
- 0.3318 -0.1172 0.0435| _0.2632| 1 o3, i, L)l fadaze
- 0.4690 - 0.1732 0.0675| - 0.3675 | 2 o3, &Ll dadaze
- 0.3996 - 0.1556 0.0407| - 0.2925|3 o3, &, LIl dadaze
- 04397 | TC(Vn) = 04792 0.1097| -0.3726| ASE-300-DG/50
TC (Iny) = +0.0372 (5,510 5asazs)

- 0.0393 s L gal
(8- Simin)

- 0.2045 (A-Sings) (S oah L ypal

'c:_S‘ : ASE-300-DG/50 CJ—:—uJ ¢ (Emery [et al], 1996) C}JJ—."TJ | :cﬁ,ll
. (King [et al], 1996) O ,>1s
e ghaie) Caciat) Ledseiond) Loam ol g Bl (OWY o
Jertzll Gg by (Pl addl jasdll Gy, b) Lsyalysll
IS TRTPPR NP WETEIS NE BV Y L I
iy s dd Ll 5y > Az ‘g“") bodny cadses b))

1000 W/m® Lelat]y (25 °C L &)l o im0 tdajleall Lamdll by B (4
o I L0 pt S Lad ) 1,5 3 pa oD GG et Giby (i)
.(IEC 61215 (IEC 62145 (60904 —1 IEC : 3mlll b (119 = 1) Jpudf

Gy putsnzed Ll V] d5Lall Gasmill G B o 1l frital Gy 5 (5)
bl 20°C 55l > Lrpay B0OW/m? Lolat| i o5y ¢ilinll Lulall ol 30 4
iyby 5T°C 4 42°C g ot Lo n it iy L dmfs ol 26 ey Lol
Ll ) Zbealt jamill Byl o 261 Joatald Zaadly Logd 524 2leall Jpatcl
§44) TEC 61853 (IBC 60891 : =lll b (119-1) Jpadt o 250 2,Lad) 41,40
.(IEC 61721

81






citan] Bael o grdall Jiodl (B gdidh S AN 050
NNV NUNREIR Y PRV JUR TS, [ RE 1 AT L R el
ST ey ol et e o egatdl lie e Gillaxd
e Dlee oSS ) BLAYL cilabadl guy¥ly oty Le
Bl b 2l sl gl (oL CABl By L ST LG s
Blal) dads e Za;,;.,a o3l JI o5 ‘(-J._::JSI| oo gl 6 S
sl geiatd gall U g2l r'LE.‘J (Energy Pay-back Times)

Gt 228 Je Laghial] Llowd cot G0 ) BLANY
A a5 A (3222 ol i) oA plisaal,
Gy sl oS el OF Lal oKy oS Gallss
sl S5 L «(4 10 J2_10 Jsaddl ,Li) suelilly Laledd
Bdols sy 095 oy Dyl ales O3 e sl gl Cnas

J2o Bhenddl Gl (g o Gy 0 48 pusal il zas Dl
S5 dlas gblidl alls ol Y] . Ciaalal 140 ghl)
Azzan Y1 Gl il Sy 3Y 520 el 2o hinaly 31 pal
e gy of oSa

LS el daaly 045 Ltk oS0 AN Mo g7 citatl GBLL b (6)

o LiLo] S Jped ol e Jra Lda 3 play Lebiti on o lud ) e

Bttt B 5 Lalil O fat GBI 0l fe L LA adaby ity cag8 )

Kayne, 1992 and Vallvé) Zal i &lencl) iy il b oo T oo 0,55 Lo Lo
.(1994

83






048 3ad il LelaiN | iy o podl oLl s By plasll
cgeakedl 2l oS0l 50l iy da8 )1 LY 4aE) el
OB «Ladse o] GG e Blisdl fol cray (i dally
S s o Y el cliall e ikt L
i G gadl (333 szedl datdl LSS OB 25 Gy
Stee) il B 21 I il 320 Wyl o leliS adl )
2l 525 Y| Joad dekend] biall Lazy o(Sunpower 3 .51
LB i peishh dgany ((UNSW) 5liy &gl 5 dasland ¢Sie)
A gl u‘L‘; oo sl 859 b daeitiy L((ISE) diva 4.9Un.i|
ccinsV) Il I Tatous Jozoeadt Ll u,sJ_, u\.,, uu,i Jii
N alS deglinadl b OB U3 J) il LN L
Jiald L2l il cldlazedl oy Lot Lp\,.JL_ Ledaas Koy
dbis e dnd 5y peall ada WSS (g aedl sueslly USLJ.QSJ'I
BeliSTH bt Mty Zma ] I Ll oSy (1 Lapliied
by b oy 4...&.!\“.9170.} 4...aJ|U.915u...aLaia.uA...L§J|
-3V LY sadl ollee darSe Koy (il faldl
Lagandl b Lolal ¥l oy Spadl) SV Sai @
(Krauter, 1994a).
Jile GAUEIN Lolal Yl (g gt (i oy 2l @
(J.g-‘“_, Ji.:ﬂ

;J|J;|QQ'JJM%‘MM|84J|J;!M| [ ]
. (Krauter, 1993c) dlsl] dnis b

o3 Latd) GLLYI LobadY ool L) ol @
A5 AM e Y sl gelt T

st do lame il Ao Jolls o5 03] : LGS @

85



Mia (galdr (g3t S aN1 s bl o Sasy AU 2
S N s il o el Sy L s Jf LS
o B3y oW 5 il an, eyl wud of oSy
VIV QPRS- T R U P WO BRSO
de Jat B ol Yl Jo ol s ptsund clilg]
Sy dgl b AE Gt g ) Al ey AL
s il 3 (sl g 55 Jo Tolaze) 0.7V 1 0.3 V
i e daadl)

Gl B 7 o LI 180,483 8,0l CanSSs b
St Ly td gl By Blos Lo 5]
RS U UPES I U0 S WE-P1 I E R SON P
ebad Ll 53 55u 5 o (Converters) <Y ol
welidad|

Sl 55 e Joud aelis clustall el L Wil
spilly Ladsell Letas¥l ol md SO ciitall
B yze OB digd .yt BiS i Ladsud) sl
V05 O ey JalS pss sike do Jupmetth BeliS
Al Al 5 saalt e J:tgl

ot Al OB coda il Slles aax slael¥) L ASYL

b ga doty ple sn lo aalgmall 2l ¢80 Bl ) Lot
o Ui Dol By alty eda a8l 08 Clond L1201 ] 1001 oy
Lasle peoad oo Lialall Wlow ) putsiies ¢k gzall isgs
b 20 - &Sl 3 10 dus) (Performance Ratio) €elsY| Juaasd 4
ANy Gitoall G gredl g a 5503 ot B, s e (B2l

86



Lad G i el udlondl wSpll by o phuiond!
o il ol Jy ideaidl oot LA ¢S cAustals
Gl ns Lgotis) 5l bt Lad 2l (5,06 AN
La s ni Gyl ada Ly e

Ledpind o3 (2N wilogs ol cdiidodl Joalall Gk o
lghudnd o7 G ol n Rl 5 45 - Rl 323 ey T e
CUPPS INT PR V5 PN PRSI I “SCIPNL S IYCT TS 30 | I
(- 431 ady Jolonil] Sl el s S0 S o]
eIV € 5 auly8 ik 1000 H pali )i (e 5 5nS MAP)
35 4a? A3 guadd 4all 550l dases by «Kiefer (1994) &5 o
. Voerman (1984) Ols ; b sl 4o (Neurather See) g

Loghiadl Conaisd Ll yedly Ljeaddl jattiasl awsy
(b 12 ohiay (US55 p0ld S Gulimd (Say <48 guat] pil)
gl ) o @ddly il fuatall Oy b e it
(Krauter, 1993¢, Lo 58USl on Tz 4o ,3 oty selis Lo
. 1994b, 1996a)

plladl o Kt Y1 Sl eV eelaSl oy
Loal jpal sl c(ohustally e sl e ylanall) gyt 4
Ul (Lol Bhaay (et o IS Al nai
OVNE (17 22) S8l e LYo o LS o S b S8
Gl B gy oV adn CallSs i 1,8 Ylezs) Slia
BN g b it Dl gl )

Ly L8 oot pil) Laphiiad) o WAL D paed) pn
AU 5alanss Ol Lgad 5 Kay LS S 03 O (diion )
Fpa sl L1 A S Lo K]l

87



43 godat] gilf oma] J1903 7 - 2

APVRID 3y [E R prL TN L C [ PoC A RY
Lol s, 20 - 2) Y88l podpe 21973 ol Lhaichh ola3Vi
Y b 2002 ple 1)) 2003 ple ] 1974 ple oa o gecl]
it o gazlh OIS (1980 plo rom il Lilas pedlyy (Baomzad)
gy o5 oS iy 508 S e et I 5 0] S oy
P FENRUTNERE S DI SWIRI W DY g PR S VPR P B
b rpeh) pllal 1994 Y] 1990 o pe1 ON- 5Ll Jy e
DEF ges (Gl € 3otz b Cidn 1000 ) puali 2 (o L0
woalajl «d,zall G5 Iy (2 paaz]ph Cidu 2250 aidlyd)
EYECRURT P I JOPL IS TRt Uy TP &

250 a.

1974 16978 1892 1986 1980 1889 1968 002
audl

Y Ay U Sl gkt Slady L egSall Jiaall ((20-2) JLEN
138ttt FLl 5 30y o[ Brauch 09971y Sandierd993) 5 . {Sissine J 994 )l ) L,é'n.a]i, 3 it
e el i 2003 2] S el Vsl s e b L) JIEA-PYPS) ALY A 30K A,

el 3 (17-1) sl d A popd o dalh iy s S it Y o2l

R TR WP O HTR PR KOG 1 Y PR R T
o 293 Ryl Blal) Sl 2B Sl e Liled Julay

1]



e el cits laas ALY Bl ks Sl Dl e iz
ke el Ly <1990 ) 1981 fpeWh 3 Loatdl 23Ua)
e WIS Ll oo 2adl 3 26.9 345 cilS (ISl oo
”.(Scheer, 1993) isdoeadl cldlall

Bl Aol Ll e Cinud 120 G puo oty Ll
er g.i) ol e L§J’.'->'-!'| r"‘”‘ Ol aed sk Eadzerad)
il - gop Ogaky 474 11998 ple 3y €550 O5els 4,57 11997
erin Jute S LI Lot (Gamdadl (53 (6 - 1) Sy
i [3550 51,000 ) JuaT cpdat dolis (5 on Y cplalally
o eVl ade Cing sbr¥ Lals 0,8 o Sy adeadt ny
Aa ) Blall plas

A5 o) il 3 o ) ghai B - 2
oSl J o L5 it all L] ket (21 22) AN o0y
o 4 pead) Bp0dll e o L8 adnl il b glaiadl 2liily
R saiedl "p" ‘-’.‘.‘9...“.” t._!f-.!'u %.!1 shia) & slone u,d}'..’ t._i_,)r:
MW, ] 1980 sle 3 3.3 MW, o alajl ((Peak) 64,30 dalS
rLﬁ ;..I'LGJ ‘;.9 l‘::‘,dﬂ‘rj ‘-’:” Z:S'LIJ‘.{” SJJ.E.H ‘-J.!Ln?:-l_, .234.“ ‘;'9 14
Golae S0y clales LIS 5 ,kecll 13 iy . 4000 MW, il 2004
d'l}':' Y a..n...ﬁ.!'l ada ols i._gwll iydall deoeod 3.1.9‘-[.2}}” i.a.....JLa

RJO W

89



[
3600 TULKR PR PV IR
00 EH P Y ey

2004 Warkdw utch

2800 - JUHE T Pamer

IMW,) Ly 5 3 guial il 3 0

gosl sl pell] el sURy Lpmeal S0 A0 Gl iRty 3y uka :(21-2) JSA
2000- o Phaten ohaic Ieaders Repont (PVIR D dp sl gl e gaiisail ey (PVamews) Sy palt

2005 1T Poswverh 3 ol S plas 2oy 2004 o0Worldwateh Institutey sl 4@ pal gan, JJUN2

700 Ny dd b g3 gl e glazed) Slandd 1S <1973 ple
olidel] Laib piserd 1S elld oy (W JS5 Sl Vo
BEEES TR 3 [P P e ROV SN FOLE PR F
s53 1975 ple 5 W, 48U L8, T,N50 80 - 70 ooy £t 5
3 b5 A Y A3 eat] yil) olaglanadf (2000 ple) st gl
sda sl Wy JSI Sl N2 3.2 o sl 5 sl Wy
oo Vit (22) Jpdad o2y (22 22) YK G os Sl
At p ) IS
o 05Ky JolS ighntyh ol Copanad Lol LSS
setiy ool Andaiy cdales Luy cCay (A8 geanlp g
P s @) sy DS 3, LSS Qg oe) b)Y

L(17 - 2) s

90



80

5
70 S
9 4
_1‘ ] _;l &—\/\
| 3 —
E - K
3 } 2
o404 =1
:1 x
_3\ 30 - u o T T —%
g 19627, 1964 1898 1988 2000 2002 | 2004
= .
3 20 4 . '.‘
A . H
10 1 . }
— [l
e \
i] T T —T T T k
1975 1880 1885 1980 1605 2000 2005
aall

S e 2003 31975 sl (W, JS1 ) A il el Aa¥Y e ) gha 1(22-2) JSS0
Ao W el ) 5 o8 SN Y ol sihaal LY 2003 LB 1992 Lle e Adlall 5 gl

(2005 T3 Ll AN g N3 Aalladl RAl el e o el (1998

plhs b 25,81 28 pacd il 2BNG Zadlall 5 gndl oiales}
.r| Lon .ll

) 21 (Gt IV 53D VLYY
16 Copteghne J| Zagline) Zhalt Lowslf 2oty

) g 15 Llal) Gl ellgre cilides
) 11 sbad) pud Lokall
) g 11 Bl dhas o0 L

BT (maghine e D) e bl O gl
2l b 6(A] olela) Ladiead) syl Allpas cli s
i 4 L) L3l 48 5,00 yheas
i 33 (il I (ga 21800 ST o
i p3 AL Il ] ¢4, Kol
i p3 (5,5 sadl bl

91



o 3Kl L el LedaW) ol L ¢ poled) il M-

OIS okl 1ia 2002 ple (3 22l 3 70 oo ST ) 22l 5 1
oot Loty Dol Il Ups (g0 ySondl ot et T 32e
(DU I TP CONCA T T COR [V KOV L [ 4, U O |
I o ,all b e staely . 1 OIS il Jpadl B
3 ol Baadd et Lpalen] OF Y] el S8 costal
gl iz gl ) O ISl o all e e

Boate 435Sl 2 i)yl e glizall 1) S 22 - 2) ko
Sty & sl
Frantzi [et al] 2000| LBST (1995) (Mertens 1992) e A
5wy (DM/W;) (Stacp 1993),
OM/W,)

2010 ple | 2000 ple| 20 5| st | audt| 3t ilaalt

100MW/a | 10 MW/a | MW/a MW/a| | bugll| e

0.50| 0.58| 0.51 AW
R
- 0.82| 1.79| 2.25| 1.37| 1.11| 0.82 iy

100| 1.13| 0.80 BN ol

- 0.44| 132 2.46| 238 148 070 ildl i&l,

- 086 0.87| 1.28| 2.62| 1.85| 1.03| &,k GL:ji

- -| 1.20| 1.80 - - - ciele A
&
*1.15 2,12| 518 7.79| 7.87| 6.15| 3.86 Junt

(r-'»j-o-“) o pdean] iy jat (g3 e ST ‘_‘,.l {.j;“ lda S35, @

92



10%

a i A
10 ‘ | ST
‘—g 167
:1 Py, o Fr T b
T 10 (\_) —
= A e e
( (35Ah V] &, .
5 10 1 ! _\Hk\'r_‘_-.',;u.-_',.
< <
e PIEW Y (o s
100 KW D
1 . o A S 3 L
Al s .;ih...ti.!)j] clu..
10! A
~ Bl ]

102 w0t 1 1 10?2 2 10f 105 108 107 108 10f 1070

(Wod bgod ey 2yl 2l ged 2ISAD 5 il
Sgad il b 8 NS Wil gl Slidd S (23-2) A
{1995 (Schmid) wed) 5 AY Al S AUl b33 3ok Wijey pails
Bk e Al gad Bily (H000 KWHD M) Lyyd ey iyl s gl )
(2000 kWhea 'm 7y o

L5 az) il L™ Godaslt Vs (2223) S8 o2
A da) Lol oS Bl 5 olad &l dlin)

PV 12pa2)sil) Gy JL1 (. D. Mayoock) : aar )
(2003 <market update)
) b 58 Sl adaze 0,500 @
) b 32 B0l ol 050 @

i 37 FHC IS (- )
il 3 s> e

93



Ciledl = Gt J] &8 gt gl gebie) Lo o Sondl
Jios

ia g Soudl add cisdamtadl BRIl G pudl G125t g ]
bSO e Lol fodg s lS JS e Lalizace Logny 2t dV)
Gy Jopl ol doe doegandl AKEN & pioeadl 48 paasd 4l
b Tr Dot Batanzd) 280,01 B3 35 ol ol OIS
o3 s il ool ) ssl Lo ol 0 oY o dlaa
AL daiall ge e L (S 2adl (30 jliay Lgnpats
ik Wl 3 Lewass o3 (21 200 5,8 adpd i Sl
W SVl usTy oy 2004 ole 3 16629 MW

wid «Ujen calS Lelasl Lol 48 pan a0 wlanadl ON
et il 3 anl clasle J) 2ull) 408 oda s
chi3Sa st OF VY (8 8 30a0 5 Cidn 1000 3 dat) ol 450
ot kb Sy oni ) Ll g el g puied il ol
S I ey (8 peasd pdl) e plareld 2edl) et A
Dol sda 5 Lameadl s ool <ladd 5dyzadl Ual) Jilia
L3 ny ORI 3 D Lo Blisdly aif szt g Lo T e
30 - 25 MU Ll sl Saall JalS e Lo 8 0dl) Lases 343 50
et L3l Of oS ity Taomall lle Laud gy OV o33 Lo
skl LS 5 Sl ) sl 4850800550 ailias Cilisa
35 o3 <2003 ple &l ey 1999 Ly [ G0 OGS e ey
Wb ran dorl] Aamy 0CiEw 100000 I Gl ol 4STb b 8
las 65700 +by o1y 345.5 MW
Obedl paay coald codhel 5, Shadl pal I SlLS foS
Glall wlysls o L2 e bas ot (b ola )iy

94



&8 goas) yalh ol S o0 KWh ST 5500 11 g by et
ole g ssball alall € L ¢SO SNl 0,500 AL2I & ]|
folass B Gaumalt Bl poliae 3,160 o izl o5 1991
ko 2004 ple 3y dplni¥l LaySoul 3 e 2000 Jul
JSI 552 0.574 ] 0.454 1 L o gh 25 Bloma shia] il pus
oaly ¢ od)) ) paidl piiy ame Jo Sdetes kWh
093 ey (0 KWy vt Lt Lolaily 30 kW, 345 aii
idos GJ--J e Jee Ol bda el L;n‘“">” adall 5 ga
Ble UM Ll (3300 MW, ) Litedh 5 ALy e
&8 gl yil) Tdl e @I (3 581 )1 LT el (8
Sbe 3545 0 M Jatoeadl fy it 3 Lprats o5 I
S5 2006 ple UM Lt pind pall oLy Ldadl sas ) (OLL
ol a3 S Gadisd wlel 2] b Lad paidl s

Al B (35 ey Lo i 4 et pal

95






e Juad)

AL pgEall SluSstall

JEaad) Joaiali 1.3
T FPLN PSRRI LV K FVL [ SUV 1NN PLI) VDN
Lolingy 0505 OF Comg 25 e 25U O Y] ¢ Rkl oLt
B ot g - g2l by e Lidzses Cllall el 0,55 Lodze
Pt ) o5 Shaor BLd] e o] I (PO P
3) JSCal i) ap il [oomidd (S0 o Sons Sy s e 08
G Mg 003 20 dgar ] 2LV o2 0L CABT by (-
et Ll gy ks SO (nverter) il 48 uShe Jlanzid
33 2all Sl (L oaiial Sy sdzd sdl) g e sl (DC)

ot slhaalt (AC)

ailn

1

233 fall Sl Taal ey w3A5 e pe e A gl i Sl bl :(1-3) JEiN

97



A L Ko o el oot T oot 25 Lol
(Hz60 51 Hz 50) 55 =l jLall ool a5 2y 151,85 2l
g bia O Y} et laSle g 5340] phidnad Gy yb o
o e o3t oy yraa LY FIEEPCIN P DCIL R PP LY
Jlem¥I as of o Say oy o oY Loolide Y1 cilas 2l
A Sl e oty Ll

ozl a Mol ol (KU foadN] Ay a0 2 k)
.(Z.'sjp._'...a 4....:- st UM.J) ..l+>...U J.a...p u”)"' SJ.‘:.A..! wlsle
Sl e P31 lasUl e gl ) sftnll oy
Adle dig Y e 2lls o e dldazodl

6,500l csladl e L (..1_-;._—_.3 S gl
T st e st o cobustadl Wl 3 . (Rotating Inverters)
iy lalt oda o5 madl AL Jony Wges lladt L Jany 53 5ed
iy sl Of Yl . ool e 23,5 e J gmasedl ]
el ek oy ek i 33,31 Of LS L

Wand gl yradad o clastadl 3 SusY) Lassl
Al a3y ooy oz Lia . (PWM) (Pulsc Width Modulation)
Lacl JolSS 0% Gam (Lad (2550) 8 aad Lia) § 2] ALl
Plodl g oy o phlaall el KA sl (g sreald Tyl
Lol JalSal 058 ooy Lo 2,010 Lol 2360 Lo
S Uasd gy ol ol J2U S ot (5 prald
oo M 3 SL e e ol 0,0 et B g @Ko
.(i:.J| U" 96 é—:) L:....J :\._.:JLG SFLEQ_, (IU e Jg.:

L3 ¢S A8 i cAuS1e 223
oy BT 393 50 yoiny ¢ lbimocell L3 puand p il LW 3

98



¢ osloon I gyl et Lola s Lliadlly Lon sl il sl
La o el il I3 Ll oy A el S
LA RO CRTPRS PUCSTPTR S PR CEA LTI ERE (PO B |
I a1y g 558 A3y BUaLS L3S o2 5507 5 e b 45 yaiand 01
‘-f&J-,'.—.ucsf_.s,sa,uxaﬁzf,_gz,_:‘yiggoﬁqﬂmym
oo i LeS £(ga.uJ.J'l il Lo guas-) 'L_-’.!'Lb-tlueu_,(-Ué.:.!’lJ.u_.
3V 0 5eaS Lo paal) I pliend ohigd o pradl Blalh il
o2 o Jtadlis et Y o5 INe B O35 Lgb o2y st
Jetely P 0aed a0 5 5uah w5 ) HUES Y el IR s
Mgadt oo il pilealt Ll fogod iy (3SBD ] i) didae
Aga gaalt 320 collazad (i y 5320 5 ) 35y
ol OB izl ki) wlaSle e jaall e
0f Sl dlsl Aol yr Jamy ¥ Ladl pladt peadd a ol
olo Iy K2l Lok oS Bplactt OF a8 Ty L 2K2N Gy b
S b Lgmats g A3 e LSl OF N (T 3 00
g Loaed) A2l ppsionadl 33,50y dgaedh ae LgdneSS
FPRER T RO TEIEP SN CER S S0 (I WIN L PRE SN T WK (P
g pny AL by J,.T;ut,.g_,s, il LadasH
cofiall oAy s (o Blimld Lsloaed) o Bl Lo gondt G312
PN o5 o pilall B Lime s gu and olally dgndl Ll ay
Vi Sttt by il olasle le cdantd sataze el NI e
oA Say o 5yie Ll ) a3 B daall O

(LAl J2) Jpll ppo tpotall b o palt 2020 O Rilsial) ol Sl T (1)
Leatd oo JINY Jo 21 3 15 500 3 2SI ) &8 5yl oy prlenlt (Lo 306
LISl LY

99






N Ll Pl s A el S0 Aeatdl 5 SEN
Sl as 50 60Hzg,.,‘.>.-:aJJLb.‘.;J| fladl el Ghovy
G oo g;l:-]"'“"‘ A e dmasdl e AT RS RPN
ms S 40 ¢ 50 Hz 25,2 (ms) il e 10 JS) Lobeill .S
il Uaows e ool L 2lodl _)"‘L:—:—l—j (60 Hz > =13 8.33
i aS) ql:.k‘.:_....!'l Al adady fooy lls dny oy 48 paaad 44l
oLl 5us Ljslan cbiacdd piladl JalSll 0585 Soo (L2
oz ((33) S D) Lo o phlaadl dupamd] Gl 3l ]
) gadl] (5 2ty (10-100 KHz) Lows Jlo 352 Ldgll 0 sS5
Asiiiall s A e et pp Tanelyy Sl pnizy

.m W'I 1._9_,).1:.” e _)J.l:.!'l_, QJJ,‘LN J.;_Ja.':' ey

Joais OF Lo aStll Lo oy 0t yadl 280801 cdlans 1303

Bt St i OF oy cple Jiy il e st

LY eoldban)

AL shiaan) ol e K2 LN s az ol L @

L) peanmd Y A8 53,80 240N Ladall sl Lafy o3ae @
<0838 VDE) talt ol s stlaall sVt (il plonss 0L
ey gl lall s e Gl Ay «(lta 60555 EN
sl K

Ay Ophodl Sl o plall B B Ba 0, YT Gy @
s oSty AKAN Aol 5yl slasyl gstisd A
ol Llp Bl ety AiLS] i cldes (U] (ga 5T U

e 5o ol dle 335 ) y8e Sk aer) fhall - 3 @
oz OF g (U3haadl b sl o1 ¢ tlgs jaal of il
J S sl e B il

101



3350 Aoy pasrd Lo LI AStdl b oSl 12
de g LS (IS it da o Jaat YT g (i)
A B Jes B 25 YT byl

)l Latladl oy T Ll 43 bl Loyl B g
5 dl] daisd Chaze Aoty ¢ Juital) o] 3 et Uyl
Sita (MPPT) (g sl

S S e AW 100 Hz we Ste) ol st s
Gl 53 o 1D L 0,55 0 g (ol )kl
JREL RIS TN U BV N KB UPCEs U | JUT
A (6 guaidl

s i puma Sl W) Uty il e et gk
W s o gl 8 500 Oyl e Lo il Ladsuil) 3
.dl.'h.sidléa}n‘

oo ian dad 3 Ul 5 i ny 8150 Jad) G L
5 A g 5 gt gl M ety Lk 2o IS
S Tears V1 5,8} O 4S5 Lkt it O Sy oy il
Qgddl s ey . g5 seat pall wlpald LoVl aoudll oye 41
Lobat ¥ ol b ((Q7-7) JStlh i) 5 S b JKEy (s33
AN Uy 5 e e AL
ozt e ) WGl Lol g AT aSte Wy g
oS iz O ey Ol ALl ) ZKS1 e S
LS ciaibdl Lot W @l yn die D pgeny ol Laad J)
Byl &gyl ) V) o oy s S Joms OF 8
ey LS (50 W/m? Lelad] oy yrs die 18 ) & g
Sidl e 21 5 10 doe LAY 5 90 La,dd wileliS Goad
) oW o Sl danYl

5 plall B0 5 et o Lgmbln g Akl - By et Bl

102



Sy 8 e ST gl 3 el S2aalh (St

21531 geld Lole 3542 ] Jlanzidly Bale U3 ol 2] iy L3,

VSN PR U (|
Weo ¢ ianrlaiiny ¢Sl palaald Tl ity o2 gt @

.EN 55014 Lal|
oy ciaaitie iV oo Bauhl elspall 0,55 0l g @

A g Lad a5 s e

oo U‘J—A—l—” (5.9;;.” ZS...:. ujl alsudl Z_:SLASM SJ..LEJ'I 83 g
S 13 Ll Lagandl G, GIE foue jumad 8 gaad il allasd]
S a5 B LGl Sl s b bl e gl Slis
(Lr 558 J] gl 6 ) (o 1 il e (3 JleaW 3 Jlas
Ol Jal i e bl J50) o pandl G0, chins B o
o S Ay ohajin alall (OAS puadl J20) At ¢S oYY
(Bearings) futoeal) doe i SleeNi J& iy o 50l 535
OJ_)L_.!-Q." P 833 e M :\.o.g;.aﬂ &:'J'IJ.E.” .CJ'I_)'I}'.'.A\"I i
2 LS ol zl s pim a3 oay ¢519 TEEE 4 929 IEEE
QA 2 3) Jyual & e

ilazall L5 goach gl dedah) L3542l clagtal st : (D(1-3) J gt

o

o3t > s Al bt 2l
2l 4.0 e
32,0 she gualidl J) ie (gl
2l o 15 ottty oot | ke wlld
2 5 0.6 Sy I ) o dally
i 3 0.3 Sadally I e LY

103



oo el 325 e 3048 OF Gy Ty bl 2y
- 1992 IEEE 929 : aof jalt gl (b 8af g 40,801 olidil ol
.(2000) (Messenger [et al.]) O3 15 y2iemsy «IEEE 519

Dareldt Ltyazlyill LaliNU IEEE 519 ;Lasdl azi,
Lad gV Gl abas Jans oS (a2l

SSWl 2 e e el 0,5 WY sy agadl il !
Jlat¥) dais i dgadl o ol gy cLzadl 35 o 2]
& oy O oy S OB Ul ¢ el G320
Lhee L] SN die Joaill oy 2S)] ged s
Ghall g il 13] 8 e 35 10 I 035 O oy ol
sl ol W e e Ll 350 e BT ] pa e
o yelt B s OWS 13y den ¥l wed e &l B 110 o el
osis O Gy ‘a.'umuﬁsyuu_,mz,@\@sow
ol I Ll adads STl

oAl 13) <60 Hz 35 2 cld dalasNE 3 1 2l el hadl
«60.5 Hz ;e el Jf aiisl 5l ¢59.5 Hz o B Bt as
oSt Juab

A skl B3 e ) Sl fale il ge
0.85 e Ja Y acy (agandly

0550 VT s a2l el 202 3 sl A i
A s Sl e 2l (5 0.5 G ST sleadh el
. o-Stall

Bsbely «dyadl e LGlasedl il y 8 0L clds I} DL5)
o ool Glesly i pey AN Jand day ooyl
b o i 35 zedly leall Lt adady olald prliadt padh A
cens BN Gy DLl Gaa By oleaedl SIS s 0,55

104



Gkl oy Aloeadt Bllall 331,20 £3LYI oLzt LzeYl
gyl Wl a3l e Tse

(i) g il St et plan] T3 pachh olslie ) s
(@l shiey (gmail 5,00 Lok Chnzay j3oma) phll (ol
A2 -3) JS by

451 50 Lustall gl gl 3-3

P Js o olusle 1-3-3

(External- oo Lot fododl wld cleSlall plao
e jom ymad) I 33,5 g ydaas s} Commutated Inverters)
BYCIp) B TRWCI [ ST IR TR T [RVES QNP (U.SL.J| o4
LSl 5 (1 et DIN 41750 jlaodl L] Al Sita
ol gy 35 2alt gl Ma iy 53 0zy (AL Ly, izl
ol gy o el Juketlh 03 laStad) Joits ey A
oo plaod 1 0T a2l Lgitew 64,1, A gautlall oo
St Baa JlaxtY) ayps b el Eads dgr Sl el
.Heumann (1996) 4sLsf Jl:..U {-Ju plowe LsT oo et

St daud y r.ih.m.” B okl 93 S pdsd
BN Laisadt bl colidesd L LI 80l clidd ste
OB (L8 aanl a5 dl gy LedaY T Zaslal) (1 MW o
RUNER [ PP IV R [RCHE QO

P Jots o olusle 2-3-3
Y (Self-Commutated Inverters) il hasdl ods clusial
A Jor Aee ol e aole 33 50 A shae ) gl

105



oy Lo} ol e g5 ey (5 &2t DIN 41750 Loaal
(0000 Gy aste) uSladl o ejm oo (il Bl o5 Slea
) alad oZoen U1 A plie plass daplia 3345 Guyb o8 o
Ceoois A3y (IGBT 2 il 28 5] MOS-FET &0l | yzu il 7
isl S Bl M o pl il e (A ekl s cibstal
TAVINR TR T ) [ LR o) sty elawdt b Bl clasas]
gl (1MW e 0N 3 i) il Takasa) 3,030

Lol S8 G ot o3 oSl pused

Lad gLl feeadi ) dizs eluSle 3-3-3
o g Ol dgr o gddl o gt bt 53 uSLali
Ma 3 (PWM) Lozl juSte ey cobial] davl yy 4 oSl
Gl e Aoy 8,0 ST el ade colslall s g pal
o8,2al) oda I £, Lol o3 wie ), Saal cilly Joo sl
Gty A gy Sl cldily Ladsd wlisaul Say gl
K] oy LaSozall Sl iy Rl shts] s sl
2387 @Sledd Lasthe 8ol Ty Sadd Ghmxs Lol slael Bab)
Al g sieadd gasselt feo sl (3-3) K2 2y S
s P Lad juSle daud gy 05,50 dgm pdeass ((Fpaadd g Al )
o slalt Lol 5 ks

106



LN

5
75—

el ase
{00 17 4 50112

} .
T— AT F6.67 ms (00 112)
M x m 30 ms {50 H)
[URHTS !—
M | |

ot Angll pldh et o ikl el g S8l 5 8d ki 3(3-3) Jodd
KA B A

Gl b 83 palt Sllmadl Gy b oo St LM 5 s
P gty Loagand) 33 o) Dl 5 Gdst) Mgy 23 2t L
s Blows ol Je Blisl Coony (BN 60555) 5080 Gy

Aol tiyar s (3-3) JKEH Gads b pload) -SLa)
o il anase OB Mgy 58 Jimay Ladsuadt coba 2
ST L ERCTIVIC ENVARIUR S QUSSP R E N RS
o oKl il alagy clads padt uSKadt cbaa 2 Laa el Lzl
My cladsal) LuSall ohan 5 diey LAy 2SN 5 aal 8 el
e ol al e o8 U Radieal s ) a] gt cldi
V] a2 iy phalt Lol BN b & homalt 3,030 A
S ey 12 g gzl pdll gl o paldlh 2Lt L o
ALY 235 cand (gl 232 o)

SUASH (St L) 4-3
LL oS A2l Aol Sy 2 14-3
fos gand) A3l S AT SCAH da A gl oy s

107



crent ol reen gl sy «VDE/IEC jloaald (ady ol o)
RN TRV Las o slael

I3 g slaall opsendl 5 230/400 V| @ aisie dgr
asleally caely iy
Aeslially e peadt 32 2dul| 10 KV [12 kV] tdauze g
Lol ol Ll o Bl plaxl| 110kV[123kV] tdle Ay
antly FLA o Talezel | 220KV [245kV]
380kV[420kV]
cipal! ols ) 23lS PR Y 756 kV tle g
cidens BLL L3Il & aall iy

il S ASAN dysgulondl odlf 2-4-3
kg o5 (A ldbazdl Gimd O G Alaza) LSl
(G gmadll bl g2l dalazedt Sl i JSK205) 534,200 dal 5
B PR T LINT S (VPSS [y S ilazoeal e, Sl e plaed el
Lagrdd ¢ zlaadl Ll 1) Sl

e CJ““““J" Shadl & madlly Ay bl eyl Cany 4

33 radl cASAIL cluStall Jo s ol s Sadonally dgaeld
L Lol Jiall el S8 o J pedall Gl o) oilas oni
i K o Sl a5 e e 1Y) Lat com

bl il 3 alaall y u.swn Juss 3,5 o1 3 Lo suaiy ‘&...Ji
oyt i Led LB OB (ASLAN dgad L ol stell
dgrdl e Ladl 5 110y L2adh G 90 o 25,20 g g
:-}>.J| «VDE 160 Lol Laby) 4 > gaien C.!_,-ig, LA g.h-\.l”l

108



e Uyl Sldadl J) BLAYLy (@ ulaally i
5l Lyps b 815 Lo 4 Sy Loyl Gl U5 cdganld
dda b sl i3l sl ey by te Lpamomy kel
o) 285001 ol yall ¥l gl Cind 2 1.5 e 3yl
Lo a2l i pall Cinns 100 2 10 ) (fanms Uospadl i
szl Cinns 2.5 I} ) Lrliadl ololis V) ot ooy
dgrdl b perliall jiasll Lole 85 ] Jlanind I s gonsYl

) Ay W) gt IS 3 Y1 e

Sy il ol 68U J& 3-4-3

ALt eld JW sgndl 501500 km e dan¥) bl
BLAYL L35 jzadl Jlt dadyy J& e 28T 5 s3le 4 (HVDC)
a3 L3l ,eS spem 145V el JE o Sip cllls )
b o 51 0S5 0 Ky OLYT by 3 palt 0 by ¢ disza
3 S 85l Gl Bt ol paa) 8T 22,07 L} 05
(i Al) LG,y Uslin JSLie Slim g5 Yy lguts U panall
riladt Hlall JLdl dga 108 Godes o5 U3 Lol ety 45
8)slane o slael o Soyy L3 ¢S Bl Lo&5 B 2o 25 e 2SN
il 3 OV a Jasl by e 11000 kum 035 «Ylanly

R ALY o 43L5] 4500 ke,
ol 5y 6300 MW L3 545 5,03 J& o7 Wil cJed Jow e
5 L2 MY (2600 kV) Jan] oo 2ball Slall ) dgandl plle
12.6 GW iaswall ;0 805 km Blow Lhaie <1994 ple Jia o3,
b el 58] (53 555 Lulay pulnyf Lalte 5 Lad1 0 Atladl 5508
50 Hz <18 kV ugal |usoes =t sl sl e < U g dilece
o 25KV I S S gl e plidl an 2t I plall (g3

109



§3 55 (b Dl oy g2 Zaen B ey 48T 03 ey (oY Ul
600 KV oo yat Jasudl Lol py (gl sbonsdl JASH dimsy + ]
5 rbeadl Atld el gl oK ddas 035 <600 KV LU
AN i 1ty P60 Hz sliaadl 33,301 ) U oy} Zibata
L u" ke ST J6 oy ¢ pholy sl 28T Za gandl 28k S
Ta ) ol Sl phizad o ¢ Slad¥ PIKARUS ¢ 20 )
Srld Madl gl J85 Jas o gl o a8 Liledl ) 0 1]l

LGN Z3) Sptanll) 400 KV e 2 GW L

Wibe] iz (b adlpl 450 pdll Gadll dames fo o

Sl Jadh dgendl i s Jub il B pSlenaddl )
Sl byl o0 1200 km Jub e 58 Laled ) La,
Lelat] old ghbtie () Juat OF L5 3N 550 5 2asl,]l
Gu5 e 200 km Sl (5,m BIS Ty o3 lan Lile Lead
o b AT Ja la> 1900 km Ly, U3 dayy cLlie ]
88 ya il 8elis bawyme Jodl ) Tt ol oSOl Jgunyd
My Ll e Ja U Zxadh 5 B4y Wil oo o M 22

lead T+ ULk 0y T3] 300 puiey 3L Ll JLall gl phasnzad (2)
¢t rie Letll 715 MW g2l ooy on s ity 60 Hz 23,5 O ¢ Jasd)
ot Alalil) apadl bas fo a3l Tas pdr - Lol LYy 60 Hz ] Lyl 4
wial sl o3 i - (50 HZ Lagas 1502) gl p315L0 ) (60 Hz L yas 15225) Ju3) )
Glalt oo ) 32 Jaih putsnrad (12U OF s o8 Iy 050 Hz 23,24 ol
cal) Blall s Joil ol pdsizd Loty oaad gl

o ot diull Sl St pads ol zl prphesl o ol (TKARUS (3)
FAST b ot - YN Lo gl 2ty gLl 85159 i gt gy . L) phitinzd
1995 sl

110



P16 i 312 b paln Tk aadl O om
it B 1.5, il e km 100 ST izl 3 0.5 (g shuy bay <zl
CillSTy (B4 /W bl collaall iS5 .25 all cllammal)
§ el Jotsh STy 30675 efkm a5 NV 3 g Jadl B plas
SN ST S| OB gy - 20 ghS ST 5500 5ke 102 g8
cibedl (N lilas] o giom on oo 53U 9551 06 1.02 o ol 3]
izl 330 > (ol - i 3T AU e Juam gzl 555 050k 1,535
AUl e 30 5,8 ppins g g2adl Jugadll CaHST o e
(Gt (3 (6-1) Iyl

o baag) Jaey M palad sl P dgdt Jai () (1-3) gl

REET

Gt Jlas Js | Lk pl Jla | oy gl
Ll (el dale) ileae]

72414 MW 26500 MW | 2000 MW | 2000 MW (L) 3,4

67055 MW 24644 MW | 1679 MW | 1760 MW (Lile) 3,4

400kV| 400KV s

2x2.5 kA | 2%2.5 kA s

3.100 km | 2.000 km | 333) i >

(o)

5100 km 4100 km 200 km 0 km L}_,u)L}_i_:-Ja_-,.

(5

©y b 92.6 B 493.1| @ 4| Tl 5B plt IS sl

Oy 24.6 | 3y O gy 7.8 | Ogd—yr 0.95 | O 0.62 | Jadl bl ST

S 2o (L_,-«"JTJ S s s (L_,-«"JT )
(.__,-f"JTJ

111



)

Oy 020 Jes Ll s
Lo $olt
Oyl 446 g 0L 163|040l 2007|2017 | Jui b i
23 2| 2om O ()
O gl 4.13
23
Opd 2262 | [y Opl 111 |0yl L 43[0 L3 Jeils eSS
e faam Ll & S| e fan
3.8 ¢/MWh 3.0 ¢/ MWh 17-25| @.20 Jadt alss
¢MWh| ¢MWh

Laly 40 : Joatah i oy 20 30 : Jalh k20l jaalt . (Stai) 1996 : uort
e JST 4 al Jdaey Jall GElSSy ¢ asal 49

Pl Bk e jand) 1999, ((ASET) Gmath Gl Lo ) 55 agas «(Crisch, G.)
i [l 05 Bl Jdasy ¢ jasnt 49 1 fatdll b ey ¢2. 25

L3 gtz gl ol g S LSS OB lend 4287 Slanzuly
DN G S SYPUS R LUK (S SRV VRV L JFCIE [ PSP RN
034 /kWh I 02 e/kW.h a gyl 5,3 pmall Lkl phisesady
oda 0P Lilell 3 28 uan) palh ol gSUS Jloadl ol pally 5ln
CTFIVRSCIR ( WIL | I PJUL < [P JUC TR PRUPSVPL RPN PR (L
S deslas] doe ol g 0 eailh sl o3 i 1 2L
o pnadl O V¢ el 21 Lolat ¥l of o od My Lot
SOV EWIFELURE VOISR

112



DA Juad)
Oyl

I Tl e Bl I} ez oy 0L Bl
il S Bl 5 4 o2 Gl b el e s ol
o ORes b SIS B L 0,5 (I At
edl G o Iy Al o e 821§ B oy
Pt Blall o) 2aall dizieall 1Y) oo dpital Sl

S sl -

s o Ld g0 ainlly (ae) claasadt 11
O (el e il ] el el 9.9 )
.("Ultra-Caps"y "Gold-Caps" 4 kol wlaSall wild colatsll

Ny odle dgmy o8 yuhan Lot i) oltmad) 121
(e pusnd

S

A r.b’a....f «(Flywheel) 1daut) 45 > &b 11 - o
G S 5508l ol Joaw graly (gihedl jmadll o 5sld OL-YI

I Sl Y b M ) paby DL 1220
Sl st e H28VL Gliedadly (bl ool s
(st y I

FooS G -

113






Al ol s (Gaston Planté) % O xule i 2l
bl il b T il S8 adiuinally gt Lo
- - BB L OF aay IS Landl bzt Y e
Lo A5 s 03,0 - ) - Bl 2 O Y B e o
A5 O Kary b Lo Ay s AN ol pl sl @t
@by 2V ol g L Aol L1 4S5 i Lle il

ol Ut s gl sl ey

Lghes 3,55 1-1-4

oobes oo 0555 Laadsl (OLSL 48 OLubs 058 mbp
oo 055 ey 1S B ol Nt e ey 2V
At 3 (H2S0s 221 3 37 date) Chdseadl elny S Laes
oo S ) el S e S Sy ¢ i) Lo
e Sl OB Migdy e J] wody 2SINY oy (PBSO)
Ay S Jgoty oot des o] By et OF Ky ol
ool M sl ] 551 5 5m it oS ekadl) e olis I
kil die Pb) Lolo, Lmmey (e ol aill dte PHO,)
Jpdos I 6,1 5, clay o SO ol ] sbasy (LSl
(el Joladl Dstan Jlail) el S Ghas 08 el 2SI

NeR

PbO, + Pb+2H, SO, = 2Pb SO, + 2H; O

Sl 3| 2-1-4

A e At ST oL L0 e bakie S Gl
e ashetd 38 by 8N Ll pyd anisans OF (Sey (g
GO} O Y csle Sumat S 30 wllee Lan L urenSYIy

115



I ot a5 Lsladh OF e Jay OF o Key st 5L
S () s 3] i G slge oa Laklnddl oA
bl sale i ladl Tas Lamdle Zpg3 b7 o Mgl !
ST sl e dzadt 3 90 - dzadt 3 80 Iy e LI
Lol T of 5 2 u_.._.Ja Lles .._',L;.A o bl 5 Sl
& 80 Jlp e LN GMBL s oyl ‘.Ja.u 5 Sl G
gl ki wie LBy et Ol Uiy el el oo il
S ] wied . JolsT matlt ) T MJLL..M W IR PR TH]
Joad Lo Sl e B S3lnendl ol 8o olans O ottt
Azl ada I & oUadl

GnSgll st Bzasall LMl Sl adf 3 5L S
S BB dkas oLl lyslladl o T B K2 585 (GeD)
“‘-.JJ:’.-” A S el 158 052 OF Pl Ky it
LS VG e Il Joo g3l B .L_,Lu\ ia i o feas
OB gy pA g Cla ) (5o 30 of Last wgundl odgd ey
Ll cAslladl ol a2y Ldatls gered) ada o Lo celod)
03 )} 0.1 shides J31 (gl ity eolylladi n Sls 31 gy
Aaly UMYl Sany <o, S5 a3y st 5L 3D galisl V
(ol oo 3o daws Ld Ladgdl st O gzl
Y L Ve 1 e Lot LY OY (s o 3
Al Bl dass OF %Ky (gl

o5 Ja 3-1-4
pastucall il 4a (Specific Gravity (SG)) e sl o)
b SN 05y O\ u’}"-” el oy iSOV 558 e puadl]
49-_)3 cﬂ U.GJ_J'I J.L.!'I BB (1 000 kg/l U.GJ...N 4.LE.?) eLadl u‘jl

116



el blase, L_,:L- il ey sl pline OB gy casl ol
25 °C die 1.265 S 055 OF ey dpyllad JualST o]
JELL VUL OUR PRt JON [ PN ORI CIRR VLRI Y,
s ot Al jaesdl 8y izeiaedt byl o L.’.GJ..”
1120 iy o 4 L) JolSIL 26, ipylladly 1835 kgl
ON eledl D] dny 5,8l o 01 J2H ol pde aiuy kgl
Miag olodt po Talas ol y 2O o 52a (o Tads 055 o8 el
Jans OF ey Jaath o 0T Y] ol S el 3 ,azey 5
hptley o dpall (e gl Jatlly yatS Ldandl w T e
J3 (Absorption Glass Mat (AGM)) tixl> i ol & juast
o 13) . oelald iles Li b da 5 Y <F YY 1365 ) by
= oy clediday Sl Ly Yl o3 kgl willay e
CAS 20l e OY ¢ okt wr a8 oyl JANI G 5 05
Of LS ¢ ol Jatll Lok dagdll puszs Y oy sthal) ialalll
& B3, 0T i sl Lal cyliny 43 e 2t Jatl
Adties il iy b
gsJ;.N Jesl b pusid sta s» (Hydrometer) jzay ol
e Aty pBaed ool JB LG 5 eody 2SI
Gygmtall clpladly 13 kgl ) 11 sgd 30 SKen ol I
el Gaayy 130 kel ) 123 > 855w Stals
35 T 5L el o T Sl Fliadl (5 phasezadl) 2akiaadl
Ble oz (Ul ada (b ocindl Gaes Sl gl paem L) 0%
AT B U o Ll Bl alis atladl e a3 )5,y
o @5 LI &l wh by (22 4) S L) 4 i
e by (At gall eadl e el LS ¢ BT cilelis

117



lllllllllllllllllllll T
100 4
90 B .
80 A 25 A jnd s d e
- 70 i
4 60- D o cheles
S 801 ; _ ,
>~ 40 : (12 VY B2070 Lmaalll VARTA 43,
a0 (10A 2 jo il e el 100 100 Al
(4.3 A xie) gy il miel 203 86 AR
20 1 : (7.9 A ) ol e Zicla 105 79 Ab
10 1 140 A i) jo il e 2ol 3470 Al
0 kil ———rr

2 4 6 8 10 12 14 16 18 20 22

(A} gl s
walay e e iy Al s b AN Mt ALGN Za S o(2-4) Joi
g e deta 100 Y 100 Ah ilas da 12V iguad

Jeitdll 35 o B2 0 4-14
B 50 Ly Ladng olo N des Sbylad 2l e
5o dd danaziy (25 °C G4b 5,00t Ao pa e 10 K ST A2l
i lad (5 geadl) Jorlal) )f o ol pa OB Ul Dl Lo gl
SN ELIUR VICTPIP-JU0S-U I NP [ W -3 PR PR SR
iy g o ) olidasl b pmtd) 23 0a) 5 o) o o
gl S, egry  E5K e el el S 0 e
RSNV PP S I UPICUR PP PSSR PS RO S P [ ST
it Bl 350 By o Ll ey gl
S p 2N 5-1-4
tdomgzin 3 g B Dol 0455 Lize A Gy il Sodmy
Jgmz; .:;g,,:ﬁ'_:n, S 1 P [ BV Ry tCHY
Bolwall by polo, ety xS J] IS Chadlh e gl ol )

A

118



Pb + H,50, = PbSO, + H,
1275 | pebe A sl G Ui oo pall il e
LY Babaad) oy Ll ol i
2PbO, + 2H,SO, = 2PbSO, + 2H,0 + O,
Corgedt i) 3808 s ST Jolis Sy 25 ] i
P SN (o) Ly, G Las,
Pb + PbO, + 2H,50, = 2PbSO, + 2H,0
P oolisily 5B delar JI W & il feliol s (a5
oo S ey MY Gyl Jhmay 2lz SO aes 5 5 da
<3 e Balysy ((B-4) Jal B &) ,ond) ol o plisf
Dpet) o (gam AL
4 et sdze 0455 () Ayl 4o (Float Voltage) ,eill Lya
I il alaad BUS SL5 g 55 ladh oty Loze ol 6655500
2V i 145V 1142V o gadale dgaudi liay 4l

100

75

50+
0°C aC

(%) Rl A
]
Le]
8
'3}

254

il Jai 3 ga Zim oo HA Al e
WO AT 12V Aaad 2y fad

o 3 & 9 12 15 18 21 24 27
{ ) Joailt e

WS 100 AR VI2V el obia B men Gy e el ShD ol i(3-4) JE2N
ol 5 e fa oy Jaaill e

119



Geaadh &5l 6-1-4

oty St wtslladt e 6, g O e i I
it e & Y] LS Lgtaa i Lgalised oS (NICd
U izl Gasd oS LS L polo 0l Gaas ol o3 2LiS
L, U o N endl a3 LalS (Depth of Discharge (DOD))
i) aisedl 58N ] ey ey ((4-4) S L)
citdeall Bl (S Ghes O a8l Ges Bl ae il ST
Gy i Qe (o inld bl ) PBSO, Sonit 0555
8 STy ad 5l Ll Bty Gl S

o el Apladd pladl oy ¢ JSLA) ada e fodiel]
¢ Jontdl eud Leddenofl ol sla i b M & 50 A8 Ges
! (Starting, Lighting, and Ignition (SLI)) Jlaxt¥l, caelaiy
plisezudy 22l 5 80 4y pd3 Garey toblondl oyl
fadl ool T Cannall o oJl G ey Ldstiall ety ]
o &2t Gpatll @ Soeall 35420 plamay i Gand Gl
Gllly (pladlh ) ol o, Ay wip ol LT abady g5
dozny aladll g OF V) pp il Gand Zr ol deulh Lo )8 (gl
FOULA Y 5 JENPSU- [ PPN IR %+ SR W1 [ VO VO (g v
"Solarix" duetl nSoull 332l Jra clia o Joxts of LSy
LT 3 Steca 3 8 dad yy dnindl

120






@St 7-1-4

(PbSO, oo 5,5 lysly JSET pa (Sulfation) oyl

e Ay ot I aes Gl LV il il e
R S [ PIVRVERCCIPCIVIIV O LI
ilzee JS8 05K o) pusiiol yeeasll Ma OF Y ¢ galadl
55,5.1 50 Damty o sl oo 0t ol oSy (S il 5L0)
Mo Consall (pay dslledt e o3 Lakie Lalall Galall ) 4 pguny
Sy g 8, SH byl ada 352 die i WS el
fral el gD Laisie whla foadh da ale @S|
sha Ssy a5l (Glid 03S0) it Doz ()
o on o b 8,280 Lyladl ussa on Lze Lafl Ll
Sytoms gl 3] 1 DS Lgiomd o3y o 13 02 ,ds Ul
o tbell gl et ABdl A Lole b 3 pemy Ladiis cdy Y
o8 Wl S et (Kasy et 1y 0150 ot dles
U P INUVSRTPY UY FIURTED § RUSS W - [
8 1 0.5 dis il JKI 25V ] 24 Ll is aole cslinal
o Lomipll @S Jije Miay Gl oo o Bolezel) A

g plans

oyt ¢l gl 8-1-4

Pl e ,aS suad Golo ) Ghes ol plsed

csadl praadll Ll 2l iy siadt Jupkdt o5l
¢ il O340y ¢ ol asl eadly (Rl DUl cleliy
B w1 ¥y A o Lbibial LSy (Lasiial Blally
Gl plol Hliay L patlasdl aear SalS Gao OF o Kay 45t

122



S OF o b Juy olis] Lphuoy otpn gl § zmall n
Lal dasas Lol V) clodsunaedt Loaly of podt s Ll Jows
plaeol Gans 5 gty cludlnddl olS 2l clato)l 2l e
(54 JS8 6 nss oKyl colyladl

ALl byl 1-8-1-4

ba jiglas o7 (SLD) JaztWiy eaelsYly ¢ fontdl ey bysllay
g 1 OF N iand) 550l Gy sibedl 8l ELe 5,43
Pgny Lol el Gase) AY deet)l i) s L Wt
i) Led el lislladl e p ol Wigd a3 yanlly A ppen
W sy a3V il Gar Of LaS (o ol ] 5oty
oo pad e dlanzad oz o313y L3zadl (350 e el 0,0
ot et 4 Blata Nl ey a3l e Al B zal by sl )
o 25 O ‘\.Lb (._,T (SI;.U FTRIVNE ﬁLEJ}J ga.i.n' u’“:') ol oAnal
oot e o s ool iy Lol IS dond Bole]
Bl e Blall o blyze 5T shuae Sta oS o3 13 bl
Boke] oKay chSalt by ¢ Gaamdl Gudat (galiady Al
i il Lgod 5 030l 5,40 LI é)\bld.g.a-.l;.s’ls_)lh_.ﬂ o
ads whe 8 50ad pil) W gl B gy pat) (Souia) Bg5 oy
s el KKl o ) ddasy paea¥l 3 i p GBS 5 )
Lalsdt aalef Otedd T i 1Y e A0 OY (o

Leboall b th) 2-8-1-4

i bty L olibrl) Letiall ol el Jaazad
oy Al Uil Gl i AT iy G May

123



S (Bl Dol o il 5 Aeldll AasT Lbes
5 Yy W gl piiady e Ea olad
Laisea deba - oy SIS Gausadt AJISS OY (i) colindad)
A

L)) U]l 3-8-1-4

Sy g AUadl e Lol pl oY1 oda Blazs) oy
iy L Aol od I e deliall olladly SLI
ica 0N Udas SLI Zay 24y, byt oAS 2 s
¢gslalt SLT 4t 1l g ylatly Lo 2l e 2l
AN e Lkl Kay (Bl ppult Lol Ay

Slows 28T oL 68 Glladl Jlomzl 1
Sy clols Lo ool b 3 8 22 A8 48 Ol Sleazad 2-
Al DS A8 o ) il s ol o3
Dyen o Jekih oz s ey 2SIV e GAt6 Slanzul 3-
ol Bl b add 585
oo W b adsdl O pemVl e 1o ptiae cASLS Jlanzd 4-
(G iy S Vb i 0x iy (O yautiY|
Loluall 4t p 5 4-8-1-4
Y olol et OB Ui Lolie ity Jlonzal die
S obo M (g gimny 3o fram iy 2SI e ol N« uany
eJ.AJ:.ao.....'.’SJB'r.'.',v_ 6 S ezl QLA&GL'?JJ%_.M|
o At pa Luia Sy el daens sate JT ol oo ot
sl ik

124



200 1 v T 1T 17T 1T 1T 17T 1T 17T ©¥ T T 1T ¥ 1
180 Aaafly audl plia g el a gl den S ey b
160 - Saaiall Y pH g Lilafl sl i i e ]
140
120 4
100 ) 1
80 W ©F >
60 -
40+
20 -
0

s &

(ETKW.h) g Ul pih

1 5 1 7T 171 LI LI LR I S
0 200 400 600 800 1000 1200 1400 1600 1800
(Ah} Gt e
A A Aaadl B AN elia M ises g jlad Apead S (S-4) JodD

USET) el 3800 L 55 2yns) draci

(Wloo Y gl ¥ 41) VRLA oy jlhy 5-8-1-4
oSy g pion g L 30 Sl lalf eda ot e
ddilf bia od i) byttt b Lat slald g s Hliay
e ooy Lyl d2as Balely 2T M o o GArans ) gl
o JE LGP o KL cReaad) ol falS on Lakey
gl W ple 0 wolpjldt eda el odh Bigdy L2l ba
Cpalosall Bl ol pobo W) Gaasd Sty o Tloalt )
sigd w230 i) azs . (Valve-Regulated Lead-Acid (VRLA))
obaial) JI gage Lo el dladd peany ploall O by Uaf

clpylal odgd ole BLS] Say Y GY dandd qohah
UPSI (IS FYEI I § P PAPRER UL 3R VAR T
PEROIESPR TR PR ™ | DT PEE P R i Ve B
ORI TIPS E SN 3 [T A PR P S\ ISP [

125



gl IS b A L3 ol e 0
o Sl SIS o lane OV . pdesd) 3 - OlEY puseia]]
PSP T SUA USSR WL N PV P Y P
oSy Py Lt i ezl ols KA VRLA wiyjlhy
) b giedt Al OB od- Gl ey o A0 1) Lgalasud
Seaoll il oa Jpbl Liaj Trae s IS8 Lezilos oy

.YRLA

il e (5,5 pl Y1 2-4

(Nickel-Cadmium (Ni-Cd)) ¢ seealS - 82l by ey 1-2-4
el A LS Bale p et - K ol pusad

Lol Lathe 0,55 O Ky LS cid et wlindanl] ot
S sattasll e sk olladl adgly Al 430 44l
cotle  Gae dslley e lasad
ol N A Sl e Jol Bl BS LS
el QT Jald ey el S L it Sy
Yy
gy Dle 2l
Aaasall iyl A i s e e elal by
A kel pand Ll Laylie L)
g 30 d 4 Tz Jle Juna Lginy ity Lo Say
o o L it dgr Jo Bild
Aadbas e ol gl

ity e testecadl Lany Lal bt i odd 0 Y}
:u.oL.a)J’l ol

126



PR PG NP VPO
() 5 75) P Bl cllis ! @
JASIL Ui i3 02y Ly ru i Lgdoe 3] &bl plsezd 113 @
-85 S B0 o e Lo ) Lgmman a5 Lo o S IS
Aol Gam sl slas k(9
Y dUadl O e aSTl gl o 1gdy 03l B3le ppunalSTl @
Lz
b - Sl ool sl 2-2-4
oy |t s (Nickel-Hydride (Ni-MH) sl ) sl
diphen ke Ll Sl a3 e Vit S0y pgpnats - S
S sty e 1) (350 Sadey Jol L)) dan L) @
.r;:a:'ts
pgndS pp 20 55 gk Pl il sl @
gt - S e A5 e BT LS5 511 3 @
O] S 15 a8 Jian ot adgd O (Gl b
Chagall Wit Doty ASE oJa o S S o 30
whandt gl b
st ol ol iy 324
el 4 (Lithium-Ton (Li-Ton)) wiistadl e ¢l 5 oda
Dl Jatbasdl La L 0T Y] dus

127



Al Bl Bl L

b;iﬂ SJ'IJD- i.z-_)a.l.i.ﬁ it u.'995 H{IAAPLY] :\_JLG SﬁLESLg.!
(60 °C 2>

b 90 die Yar BUall 5elaS OB ¢-10°C 5} o Ay dis 2o
. (Kuhmann [et al] (2000)) ki) |
Jﬁm\qs4dlmit_,52dwu.a.&.;mg\5'@,é:dm
L60°C 3 25°C ;pu gt

Joer Lassall 5y A Sla s ke o Jond

ohisiall dgadd o gt Ol sl Rl @ Soulh 02y

Apladl 2kl 5 Beeds oS il g Basd gy 81531 g2l

(Nickel-TIron (Ni-Fe)) Jydo~ - Sl ooy jlay 4-2-4

FUCFINTPRPINTS s JEFLY RUTIE S [0 PR PR,

& J\JJA.” t_ij..p WUJ&A (s z2) :JJ‘_Q ‘L‘;.:j_,):gLS rﬁ.."u'_,.:.”
U.Unﬁ S\J_,.a.!'l t._ij..p t.._uu'l_,JL')..a (Ja-.g.a) ;J.?LS_, caleld ol sale
AoV €0 gyl LoD a adng Aol S Bl wa (Sl

sl jaadl
(5393 3.000) A,k de) slesl @
stsaludd
Gl 3 55 ale) Ladss Bl s @
et JS3 20 b 45 5ste) G ayiell T Jle s @
ool Jlo gzl @
40°C 3y 0°C) i) Al Gyl sgust (Gke @
o J e o5 JE @

128



2o gl B S Galisil ) gagt Al s dudl delasdS

Adle Alols Laylie @

% g et OF ey Lat tday oty ik P ENyWE
eSS oy g 2V et e 28T oty Jesdl a
A PRRPEN I SOFEL RN PARPRUR U SUPIPES F JRA
S Gadedl o) 2ladh Sl Jons Dsle Lims 342 Joo s
Szl b pdada e Lol e OF oy Ll 3,800 pylal
25 i i piidly el (3 S s sl G oss
o Lt A o ) ast 220l 40 ) 22

Ageds Bl pludzs g bt

dilseall oyl pll o & jlhe 5-2-4
oyl e Ziksed)) tl,s‘ﬂl et Gl (1 - 4) gt

whelasl| Gl GbS| Gl Ges| pall Glall dels| el eall wrl| gy
Gl (Whikg)| oyl @,i:!l Gl )| &l 80 4yl
gy (&AW & il Gas o
U all (3,5)
kWh Js
il o (s
ol
Balas)
(el
137.1 0.221| 3 40 3 @l sl S00| iin K3 e
kWh 30 0.174| 3| @l s > 1500 ik «Lypl| ol )
(29.3 0.226| &0 J| 4 @l iso 00| e iS5
kWh) 0.297) @l 3 4 @l 390 1500 Eaman <yl
499.2 57 0330 i 60 6 @l g7 2000| Lo cilida| - IS
kWh|  (60-45) 0.641| 4 @l o @ i7n 2000 | ille cahida| pnls
0.682| g0l | @l T 1500 i cifeas
Lo30| | @l g7 1500 Ul ¢Lieas
0.667 ©l 371 3500| Lil «zesas

129



1287 75 o 60 LS g plh | g pleh
EWh|  (70-50) 4 4l proalip| S8l
o 50 P
adl
Ji 21 sz 500 > Gaglial 0y
115 al S | el
e
55 0.338 w0 @l jss 3000 - S5
g

(Batterien 433 p.ac 2l Lada) o lyladiv : (J. Garche and P. Harnisch) : asd Al
. (L1999 (Photovoltaik) it y—a=] il «(J. Schmid) : b «in PV-Analgen)
(Impacts of EV sl falely DL S0 el oyl G'l:-i[ e 2l (Gaines)
(Technical Women’s i—2 W} «L. =} i34 « Battery Production and Recycling)
o (Loiiond) AN (sl O gkl (1996 3029 Jy ol JOles (Symposinm)
S ol ol iy 2123 (o Bty 2 o 2l (Gaines and M. Sigh)
(Energy and Environmental Impacts of EV Battery Production and € ., yi =z} ialely
Total Life Cycle <3 ‘__,_o Cesd i (951865 ‘._i_,SAE G L,y « Recycling)
cdaley cpmpp 1995 <19 .16 npasT [U NV ot cLewsh (L . Conference
i) pyotlhh 04 oLy lad o(T. Brohm, M. Maul, E. Nesissner) 2oy
iS5 «(Advanced Lithium-Ion Batteries for Electric Vehicles) titl 450 oo, 1]

LT ¢ osBalS 65779 ¢ pushastly o1 390 «VARTA Sl

348 ol LM 34

Lghes 3,55 1-3-4
gl ) sl (Fuel Cell) 5,501 2> (LU
das o3 130 ¢ Se gl 4 fdod Sl Dbl A cpmanSYIy

S d g Ll (S o g iegll) Las g3,

ds> Grogearmse aatli oS bl o 3,850 s 0,8
SOV PIPL S IEUL S i (VS ) E RPN + | SEOWRNCN YT |
ey weley celiyeS Wgzd YN Gl OM e il

130



cidsl (Uaas) 3yl I g ydgdl 348y L s
LT ) ERERO 4 (1 WESIS /XGPS (%) JENVSINC 3 IR e SVOP
Qs y S ookl 855 i ailem il Gijb e (dagedD)
Os5,dl yary 38800 ] dblites ol J-ly (gl 00y 2800
S Joadin S5 oSy g 2SN 85 ody mSONY N
o 1 i e oz 5 S ] g 2SIV 8 g3 O J5 allenzd
oo sgir (b STy e g bl

Gl IS saler dlal o gyt g 380 L ol
SO a = 051,50 00em 3585 &V e st Janies OF oK
dozad 35550 i OF Lesy ol g3tall 2y e pittadl ) pandall
soball ¥l OB BV Jle judy JlesSO Jetidl e
AN 2K 51 0,55 O o Kay Y1 e g L
3500 Bzt wldes Calil e 3 psLall

>80 ks gl gl 2-3-4

Sl ) g gill jlaas 1-2-3-4
O e T s e L
colpditiadt e Badate clidal (B aaliseiad o3y L4l
comtiadly cirSadl Slaally cBalidlly ¢ ay el O,y
b bl ol jlbedl collaseny ¢ dis gandl G Al 5 5ud) collameay
40 o Jol 50l ol oSO W7 Sl phon gill Laem 3455 LS
sha i g Ll OLS 13 dzadt 3 85 Ly - ol 3
L Bt = B2l el et 3501 W e dademall Y
Ao say Jdoe Dlelall Al Gzl olS e 22t 330
35 Lo ot oKary 204 °C apdo b okl 5

131



b baly bl e a5 s wl bl eda

a8, dalg elbd 2-2-3-4

(Proton Exchange 043y, dala g el 2 & 5455 L5
Ladden i), Ol die faad of ey Membrane (PEM))
lerl o O oKary cidle 5,08 BES Ldy (93 °C =) L
J‘-ACJLE,_‘L:} Lafe g ‘EJJEJ'I%JL‘-}Q'IM'I‘_’A:JGJ““
5050 Labgy .8 ol C*J“‘J' Jj FEV-CY R VRV VS PV S [ WO |
¢Zigasl JleeNh wlslend oW et ol Lldn (48 e 23LS)
JHS Lltenzod o T 5 poinall wlihsll oS Ky ¢ ilelly
il S alS ol BaleY Tl st

il b g Sl 3-2-3-4

Jusmad Ll wleliSy 3 guatadl @l S 5,3, LS dad
il Ll 153,01 S0gnal taly oS - ) - 345,01
649 °C Ny 55, ol ys die 450 ade Jandy (g e
PSP P JUWLON CPLPRICS (NI Py (I PLL R SCER I SR E )
Lissadls o SLam LA iy St o3 U8 LaS ¢ JolSTH
1996 ple

ball SN 4-2-3-4

3559 Bl oay ol el (21 505,00 LS sum]
Sl 3 (58U Ol B el (Say el sV
S 55 ol ol oS ys llams LI b Lay (2L
3585 Ll plisral Lald jiplasll oS )8 Gany 65 JLelially
100 Sl Sagnd o3 Ay oliladl A mes (3 CLall ansY

132



oy wliy B8 (25 KW (OB s Ol y Hliay byl & kW
ilo dlal e B3l i3te hall AnSY ol pisviiyy .CJL_LQ[ "
Jertall 5 o pld ey Lo ¢ ol oy 2SO e Vo,
Jl ot OF %Ky 30l Ay cileliSy L1000 °C ) J e sl
5 pdviey bl 1SV 5 85 W pll aaly L2l 60
5 s g s N pl Nl ey 2 Jplay Gl s
wlaodl Cle opn galall el 4y b i

L4zl 5-2-3-4

WL ey Atlaill olegadl 3 Jughadl plusin¥l sy

sda pisady L &all (370t (] feaT CAliS Gams O 4 phall

gl gy ey AU (A gt sl LSy phea L3S

O Y el ol el i ZalSa LS ads 2ilS ¢ uplondl

o iy IS A 3,b e G AS AN e dyuadl
et Ly e

s AV a4 WA 6-2-3-4

Toder sbael L (DMFC) 2bad) gttt 5,55 L el
Osig,d) Dol el LY L85 W) aday L3801 4 dile
wiagd g 2SS jard gy fll8 piderig LagdS Of S (4 (PEM)
3Ll 35N dale pu8 ¢ utbiadl Jpitiaadl 5485 WS 3 (S0
] ol datnze ¢ L) O piliaadl o e g suhegl) sy L
40 | Joai SleliS Jo pamdl a3y 350 1S5 Sate] ]
dee idle bemy gddl 3,8 0 LY s &J...H s e Lol o
el CeliS G Gz oy 878 °C 5489 °C 1w 34l ilays
TS (PN CY PUpPRRTrS

133



Dol 34l U 7-2-3-4

350 Al O ol L Ase oo Tt Ll Tpuie LgiS
ot Bl o Al Lal S b 0455 OF Kay 53l
SUAS Jebond Sl Ll ey ezrasien ) sladl Jua
s 3 oSy g kel LIRS ooy Al BUIL Jany
sladl ,i9ud Bale] wzy celadly i adly el ¢SO Wigr 2 548 4]0
Wy dmethh Blally Jaladl S8 ol Sl ) 5,50 550
AL E e dlaad)

134



Gwladd Lad)
A htelt Glaliall 3 Afiguailodll Aekaill

Lpwnais oy sYY o 28 puixfpill Znas wlams OF a0 Iy
oAn Laaliadl il g8l dmeys Dutzaadt cots-Liadl o il das e
Y EI PV PV LR IR N T PR TP [ R PR RIR
L dsb o gobhell € patll pliondlt arp AN daddl L
b il 3 gad  § gudl b plad ) alaseally ol pzYl
ghliadl (B Uapn T3 (K2t Joy i (go50) 45200 dbaze
B (il Y el 3 Slasy ot LYY ol o2yt
¢df ol palh e glinadl pa sie e 0550 (Jpatdsd Mpe e
iS5ty (Lol aes Dol ate) Bl o Sl
(S Ste cilal Sy ol plita o 0,505) 2l
Oy Leai¥iada 20 on Opke iy oy o3 s Ve
¢ sl Yl e PN o3 B Glee 2l a8y Lol
§pead) o g e ] bl Agmaedn 2087 e Lpadinne
AoV ny o e gdl) Joadl 1 Ly ¢ 31,0 b Tl
(sl gh Bl 5} 50 daiss LaST luylead) fuadY Lagalt NIy
Aoyl Gansy Lslas T Sk padis ¢ Joliy s piS
REIRTY [ RES I RV SR WIS IR SPTNURPR W AR R SR PN
e ‘q_..bLa.!’l L”,.h....:...m.:.!’l oldesy cllalases on dydall
i ol g1 Olar 8 S gual I (6 g

135



i Jd Lo el 5-1
bdasud] LaLSYY ol Lzl 1-1-5

Joodl cdtaze slowf 1-1-1-5

Li a8 sl udelydl) plishl Conad pas O oo
J..n'..LE.':' O &..LE.‘.‘.!'I qu d_,s.l.ﬁ_‘.‘......s.” &.a._:. uLg).gS.” ib‘.g.‘.‘.ud CA
b e S 57 ol o Jaaseall o o ol b Ul Jlos
U-L‘;ng-:"-’_’ L..JJ..LL.A.” (..?-.n.” PLY rUﬂ.nc_‘.:.,a...Tqu ‘_‘JJ'L:J'L: SR
Giha ke Bllalty 5l Szl W3 a L,k Laily e
oY) e &l QIAN (3 S o g e e 83
Ohte) Bkl Jle Izl L A dagudlh 5361 Szt 1,28
s 542l (] - ol cota Al LY peian
cplladly gt pill W pal) aem ol e Yoty A Bl 3
eddl 85 Bl olllaned sy

dtayl age® Jilie gy plall g i 2-1-1-5

cdladly ‘J—i}-&:—”_’ odadesedly &&,J..'.'..A.” dadoed oy Th.\.l
A8 LSJJ-:A-.A-” Q.n}” ol crUé.:.U GJ'_A'L?JH g._...._..,a.'.:.” ujl a,._.:.!'l_,
cfariadl gyt b3 slae¥l B adsD Wl J] sy
Lo Lo ol z¥ly (Gogr N1 ypomty el o) gy b5y
S Tyl ot plisid oy Migly Spb B8y G aey
st ctigl e EONI o5 Ly AP e b G b e
W&a:ﬁ'ﬁb@\apgug’ Caly L J) D
.QUESJB Loy y CJ'I_,:‘?“_,

los paiadd &l By,5 0 cleds el o1 alls I3,

136



R P IS SCVIRLN IR CORCL TR0 =SS ST P PP 1R
Blasvoll adpadt OF (2o g 60500 Jons adys a5al ol 8
S a0 ol cOLah 5 pas 15 0,5 Ly Gepaal]
ol () portadl L o GSMly bl ) adasudlls Lol
el b b Uy (Gt b Dol jaler Bl gy 37 pllss )
sl Y| ols o3 _)L'.ydy_, dags OIS r.g_;.ﬁ.'s' SJLGl u.!l

gy e sl LNPCCEIPINE X N PRFPCRY

Jrgesd 2-1-5
oz, el ol V) Lagn Juzmy gy tald oo sl
amS 3 pdl e o s (LI s - w3l e LS
cpeaizld E3domall At ozl e hislaalt ada fa
sttty (Olte colisladh) b Sl ol ysH el Y plasezly
Bl Jlay) clilesy (L gandt 331,00y Adoeall ulSJ...J’I
cidoadl bl b3 e Bslias o Jpuanddly ¢ hiph (gue u.!l
aally pdiy gl Of Loy colalliall Lo Loall Ludbially
sl ey do-liaadl blowadt O ¢8utill Vs Gikaly Ldoeal]
roadt pramlly BN Ol s B e cblasdt b
oy eAT el OY blalt ada oo Ja OF oKy i3Sl
OB Vol planaly $ddoadl Banlly @b plsdl ol yolly o el

AW oY Lt s e o 2 Y s

oyt 3-1-5

Sk B8y Gaiegy ool spdly @l sl
53 sedl Lo Il Gl o ddoeddl Cleliall Lans Llesd

o S U 0K O Ky Ule 0,5 W Ll pall o

137



san sbad Giela® us shr uV sl ) Lt el
oha O Lid> B paery (obip mOY1 uld JK005 cabdi
shamdl e Gend OF Jemswadl ooy Lobasl desls coand oul 301
ofs Wl T8 s Bl 0B caaadt gt e s
plachl oo - Badperall DUall 4285 o - Lol ¥l 5L
el o) My Byas ) glio bia oF Y o Sl o all
Sl Llas il OF Gy B paall ot Of LS (e

Lidaal

-

lhooy oF 5 Sl 0bySe ez O o ST 1ol g
WLziall el ] BLYLY (Ll LL) w2
b AL et e il 5y Lal Cony o™
Ll 5l Sy S, el sl Sl By gkl
JSO cdass SO) G B ay,Shedl bl olis gy (AL
@S [t fdonadl pulially gl kS S <
Jortds L &1y b o by ctbaddt Laly (g ol 0
S, Liltses Leaany Gpoe slawd Lo Lt Jush 0t (Sit)
o Ol Gany By (S, Y Jilde G5
ciale by 2SN L0 S ] e Y) pdad s
Mo atlly oY gmeadly ool ,SI cisdlaadl clus gy
oLl Oty o adl ALy colpaVly b, bl
ot oS g ol ot Bilzsee oy s We ¢ pudat pal
3% REY P PUN2  PR TUPYSVAP T IPE A TR TP PRy E0PK
PN VPR T FOYCTUN [ PIU-UN [ DUt SN P JUCI I SO0
ot ST Al Ly il Yl olaid)

138



&4 ele= 4-1-5

gyl el Y ol S 1-4-1-5

CUgUC I | C:J'LA.;_, ‘L',JLG.” ‘..GJ.!'I_, slazeWt A doy Ll
el 3B Lol Ly Adoeadt LIl diee i ae Bsladlly
il O oSay pllanandly (Ol pnaall on by 45 L3y 423
blie il e LGS, A0 e) ks G e Loles
figiagdl [iS N [iitay ) G5 1 250,00 20U )
Ol (el b T O el O 0p50mally wllallly (i 3V
o258 Ghats by epiloedlaia Groealll Jlaaza¥) Ol
PO VU PR T SO RJPS, ' RUER CA YUY TR IR W8 |
JUCCHPUES W IS AIPETRN [T IIPIES PRSP PE
ssle - oa9) gy il Jadll md ol e (g3y ol S
o Lol Jeaily (3 5er 0553t O3 g 5emndl Lein bz La
SO I SUINS O Y JTC PSR I L SROR L O
Aoa Tﬁ}g— 455 iy 09 pady Loy ‘r.h-\.l-_l f_-’f:"““

opattl] pfga 5 2-4-1-5

o oeblal SN OB L Ll eyl ] BLAYY
Al Laa) Ol prally CIB (G el g Bkiny Gl
Shasb Ty G any 05 Ol 2> s Glolisl] sl
B epe ol Llar ity JSK8 B3gmn sl 3150 phisizady
AT oltlan) s 25 b L) auly 2 5,20 26
e ptlas JUBYY 0585 Lo steadt GBLSl (3 Loliuy «(gs e
Lol 3 0 ey Lol i 0l 3,55 0F Sy Yy . Jonld
G

139



Lazll 501 2-5

S A 1-2-5
eind ol ) ol ol ys o Lesaldl Lrld) Gy ol Mhas
3lsalt () Bt 0y Al otatYly (LI 4,0 0y
et aall Jgue iy (el gy Aot jadly ol (e 230
Y b1 el s 3o padl 830 gt ol pudh il plaszd
sy Llown Tall o 5laall 3001 on 2o gmalt Kol 3l g

Aasl el

L3 goiadd i) oo glital s 1-1-2-5

I o Lt patlyall wlaphiiall contiy oS 7 fady
okiz) Lol palcad] o Yoty (Rivets) ol jealiae Jlanzd
oot il eyl 35 piey pSSLy bppall b oS A
s o5 flall Laglaadt L3V, a0 L300 elaelh O (ol
olis] 1) 3,8 3 jme Ll 0455 W8y clgde Jgaandl

Sl Wgadl S Lo 5 2-1-2-5

Jeo s ple Sy ol 4SO O bt O planticd) fony Y

B S ] BLD paisdl agadly Jldl stdl it dsd

Loglin 45,0 CMAS e Japmdl Caanall o gl (ot ]l

e Gabity i By L oparlie Op)y Jhady doewitdl (355 LalSU

ain Loy Lad 20kl o slly el jguatally ¢potind
ash, 2l oy Woes 830520 08 ladl

b pdl p2e 3-1-2-5
b ek nad L pan gl AT Gyl redt DLl e

140



eLasl 35,8 ey 3 a3y i 3T B Lol cdplied) a3l ol
ol b ezt JSCA, (South African Telecom) Ly i) o yio
AN G pal ] 010 2y 5yl b ot
gerbin Aol Sl S 5 Kasy By el Lt a1
) dgas T 8,1 Jamd G palcadl e Yoty gl
Mol ol goNt e 5 yahall eV e L3y GO
Lo mn obiadl potie 2 o) eSOty (Tl (i, bl
Dy doliy S L3 oLt s o Y 4l WY (B,
cpladdl o Jygums oo ased peed 5y pllll o aazaeal]
.)n\.J'l Ma golis e L:S

Ll o jlzsl 4-1-2-5

Aoy Ll Bl Jze pn oVl it ) LYY
oo ems ol @30 b Ll el 35 oy < Jo 3

Jeo sl OB e 2o b poll Litaedl pluaNly L 2a5Y 2ot
VY W IRUITIPTEEN A IO N IS 11 A

S gdll gall (g gl 5,80 Thii nay Joatslf 2-2-5
et UM b et IV Latbasll 3] dss
sl K L oS Bl £l Jay (28 pasl yal c.-ujlafm,
(Foad il Mgl IV o pa Jooddl poia plin Lakie Ly &8
(Maximum Power (g 3.adll 5,43} dadi s G Ciladl b
OB 5,5 Al ey <Y1 Jealll 3pg2 4o «Point (MPP))
O el gt CLLE:..& L;.J..:.pf.:.lju.a.&.;;::s}.\j.!|
g paddl Syl Aok e (eI Calandt 5 S puan 2l el
bz N1 25,0 s oy oW Joitall 3y youl

141



& Y et a5 bl ) W pall g akiy
D eas sl Badazay bt Lsted L, da it L3I
ujl -0.4% /K o;ldia SJ'IJD- iq-Ja_L.’.gJ.gS BVES J.ﬂLu.u asle v

(0.5% /K

e (o (gt L patlyd heshiie ol 2 L] (pop ol
Mrdw@ﬁd‘ﬂ‘dﬁmw‘bw*wrﬁ
goe @ yreas u,._.ﬂrs,u er) e dpasdl 5l el pall
il e MJ&J|¢§JL5M|SJJE|MWCDC-DC
Y bl e gt sl pell dgmr clises Saisad Lakie 2 el
wgolne paS sl e e deluall 3y

Bl pijpa 3-2-5

eyt plgl 1-3-2-5
aksseodl iyt gl il oo tuadl Slow OF e o234
LS Jas o5 oo N aes wlysley OF V) ciolood)
M ol Il Gaes Sy udyd ety o Joad W Lo
G giiall slodl [ay gty prasd - Ui zied) Lu a5 ool ga
gaasca @by condy 2SN e GAt) Wilall e L0,
Jbeel O} Sy (Lazes ooty 1S Cizeias Ladaby (LU
&gk ey ony ool Gaypas O S ciz; 0,55 L (L Llall
Conasdl willdly Ll assl P Slaall e I @l ladl OB
o...v'L.UUn.Jl..uJLa.aJ...a.aTL.JJbA.Guﬁ.L °J-’J’T Jos3L
Sz Y badie Loty op slull CLAA—H " Gluall e 4...§L>.J|

("’)\‘Js“"u"""”{'s""

142



ooV Aol (5 s 2-3-2-5

o Rl e S Bzt 02y Lpfiadt Ol ) plane 3
12 dgor plonl b 395 by et ladl 5] bt oy s,
220 o Jo3 el g5 o] ey (1 (6 pmall i dnndl LV
g 3 Aan G (3131 o ctldl o s Gy (JULy AR
Llee b L g pemall b sl Domstiy . lanall gl i S|
55557 b o S (el il e b Blte) iy el )
oailasdl SR e O rr ol e (@l ) e
PRI [ VEIRE P PR PQRF IR RERIUR PPEI BTOR WL
iy 5a Aae I @35 508 Ll Sl s 31 e Alaz
B3 oo Liile a3y ol ladl 4o pamad jal fa) ey Lbise
bl AL Bt cots Tad Y1 d et 3 o gl 3 5,08
b 5o I Y 60 M piaa) s o ko 13 3
e ol p5Y Saisial sl Gay Jatovadl o ¢33 520
el g a3 amill e ] fos ol e cisley dan
et gt Gy e Ll st a5 us ol iy
o e ¢Se) LI 8ol oyt L ash Aozl
il I Ll L] ol ) g3 (omat) a2

I B otledl e Loy aedl oY) G e OY
PUCT [P (PG -POU IR [P T ERapBO T U 3 P
o gkl Jlly - ddle dgr gty Qb y ool plisal
A2V il phisnal il e Sl Juo 5 ) i
o gl (g g OB it B 50 f0 i Ges (adl 220 AR
ol oyt e 13 kWh (S8 4805) 12V jlaiey 4ok
b Obel el o] 3t oy S0V e LeNE s ety

143



Ay pal (o Badidh olo ) Gaes sl sl oy
Shebs pllaslly Blimy . 7 bt pall pllasl] a3l el IS
abr Jldl eoull e Jpamll ditod Gt il 25 Gy
S b ans A jeadd delall sV pltsezialy autpitar dyylhay el 2
OV etlarey wln hlin dogtdlh liladl ol 22y o g5 el
Odadl (g aliall oans o lony a5 Baodl 5 g S 21 oda

wobsldt wllay Laieiae L) LS ¢S

Lo S Bl CinSS ol ys) 4-2-5

T, oS lgaV olans 8y plazadl Jpudh il o b I
Y 1509 o spbll (5 6 ,iy jeets JamS Loksetia])
O gy €0.6 Lol S Il L3 ks spas OB Tubomall il gV
SV ada Jto o Janl ho 5005 8,53 81 oy laSLal
O I ooy MKVl s it OB B3 Lo 5%e il
oSl fertdl et S o s B el 0,8

A K il 1-4-2-5

8l ool yamn il 3 Al g Lediats = A Stadl r.la_:u:

MOSFET <yl 2l Obb 42U e o) &>y . MOSFET
3)|J.>-J| FESEEY uLA'La.A e L‘SJ.U:-” u.l.ﬁ Uj.g...u Lg-l-.a_-ﬂj-? C)‘i“'i
a0 g > 2ot n b Y] ol Jeatall ey Lo gliad G gl
(Y] iaglie o ey i.u.é.'b.uﬂ SJ'IJ.'n.” LI BT E.a.é.':')n.!'l ;_)|J.>'J|
pshen gy 5ol ST JLs) sus ) (gagiy Lo foash
@y e dhazadl g >N MOSFET iy yrnjil 5 851, @

LAl SJ'IJ’-.U J..\..a.!'l _)Lg.‘.y-.” U.LF :\..SJ.o.!'I_,

144



i 4¢dl 2-4-2-5
Ao gy 45,08 44y 4...:L:J.‘_§.!| wlastal r.]a.u phiins
ol Ol LBl 3 s el d iaSomzall 2ol
é*ﬁ%&ﬂhﬂ#*wu@“#‘%%%ﬁ
el oy cllld ool b ol tondl Lle Sl Sl G
A 5a3) pmodl Bl Ko el phisnaly G Wbyl b
Lok ¢ ] pliod (Ladsan Joald sy clayliey Llle LS
Tamall g 81 iy 0L Ll 5lze¥h cpomy 351 gy Jas
0L ety sl 3 60°C I Upgy foas OF ey
70 °C JuadS 550y e jid aolie] oy gl 2l oo
Sl CanS il gaY (g guaBll ikl 5y > dxe cialey L el
FUsl Se) lasly aa sl janll juadi ] 355 Lo <55°C a
sy ol sl Ly bl Blasly ccatsll)
) s jead Gl

ool oo iyg] 3425

oS 0 5l ol Ly adyall s el (KT 53]
35 Way LI ol 55 ol s i S LA GbY
b tom Y 1n OF Y] Ly god oy () iy SN )
anlly Gl OB Sy ¢iesaally G@lall o LI il
Olddics el

Lleally Joascll 3-5
el oli g Blhasily & gli 1-3-5
& 128 5,0me Sl peodly UL ¢l Cilssen Of o

145



i pSa b g Ll T o el e 4l il Bl gl
bl G55 taaadl GhLal 3wl ezt sl el
ey sldly sV gy 3y Blisly cadlall SLby o pildly
& S 4B | @35y gpat sl gl e o815 a8 |
i geatt gl Loglanall Jomls (3 Lwatdh LS cialey Lol
A St IS8 W A 0 Iy I e e
sl dlomial o2y o3 I3l 5,040 Ul Ll e o
oy DL ool Ll oy B 00D S g5l e
Late e uply ke (SN el sy s L) fonll
Bl Loyw Ul 2 gl 57 o Q] @ilpadl 5 oS0l
B3 S o ] A Cilal we g3 b cdstad] ail
OB il CanSs wiyaly ol B Led 0 (I 5l
¢ el poally (o SUadly ¢ optatily (013 ety (O1zily o pulall
W AUy o Jlowdly cpaldally oo taally coan Yt el
Mo sy DS (g e Lal p iy LS Cas s
JSKEI) el e B pal 5,2 - (Relays) M yally cdd Lol
Ols 13} 1 tze¥l b ladst g Ll il 2Ly L((1-5)
o3 By O S Bluall plee OB gy S Toeily shary 1506 f3sall

Aagl ] o

Bar Lgb pony 2l Boesdt OB (bl e Tl

SUp [ESVERS FPPLI P I U NE JUF 3 W WU JUY PO PRCTIR SR |
o et T CL......!'I_, Jgeiadl (6 pmadl die Bt ,medt il s
Aol Pt e oy 551 Al pay ctisthll e 5y5bal
iade Latbs Lgle Bl (Ll 8L plisenady Sta) il yomlly

P 4y

146



43,01 2-3-5

Vo Canyy ddond b Olgane O gedomall O phaladl g a3
3 e SSIL 05508 ogl] WS (S5 a0 D) ol
gedalald Gyuielt iy a0 B0 Aol JleeY
o'l_,aijﬂ.gdo.._qq 2y e syMe g5y ,0 JJTJ.A Ol
Yoo JUaeYl o Upiine Llom ey ool 2l Lgun Latdin
ot 0555 O Joad W s - Fpo S5 (J3b sE5m1 et
AN il el b slel ) BLAYY - pllach o5 Salases
038 (o pased ,exliy et 3 oo LS 280l ol sl
ety Byt wiay Lol o2 W1 bay ¢ihamal) o Yy5ems
i) day 58 41,0 plia plasaziady (Dol it} pllasl) onzol
Taebons 0555 01 Kay (oo a3 dhudy o (50> Citta Las
A5 Tl i Sl €L I Oyl Tt

Llol wluo g 3-3-5

o S n ot Lo Lokl ommy ool diis JS

e 1l SLze¥l coay YUy Laidadl whladly clsie
iy ¢ feb gy, odind T Gouile 0,40 0L Zeddall
DM oo pastall o dygmdl astll BLE o Bl el
Jool sty csbiadt GOl (LIS L akedy GG ey
gy Al 3ol el andd 3,50l lslisly cans ezl
il ¢ adln dley tad dow M I LUSH Jins OIS Jy oy
D] T3 g o Tl oy 2 ool :Dhets gl oy o
35 JK2 e batoas siz Slas 5peb T ol ay
CCM RPN EREES T STRERPUP S VR0t - IR PR AN T

147






(wolud) (L)
ABln Al o sl g AU IHLgul
atigunTilga

(Cumulated Energy Expense 1451 2ol Blladl @laipy oty

et o Dptaedl Bl ctiiusy saled) Bl slief pllssl (CEE))

(CEER) iyl sslely «(CEEg) Juorislly «(CEEp) CH_AJ

i) 38,a0 4 Bl Tases dolial Bl Gl haadl) lia Sty

Jortall shpdt pnly ciadlaadly ¢ pudadl Sl (6-1) JK2i
JEI A 5 Ly sl

Ldged wlli>Me 1-6

s iy ) Lodad) pod ol iz DL BT 3
S St dabiaddi o...v'LS)...U CLAH cltie plisd oz of oo
1995 r'LG oo gt C...a (e Ste (2 u-’ 70 _ 50) C’L.DU
hdaadl o dydall Bl Mgzl ol oo e s 1999, ele ]
cldeal o i Jlilly ¢ oS guel foo Aoy odlae} oy
B Shelt stowdl IV 01 V) ¢ pteatl LaS o 3,500 dezad
Loyl b)) el adt Cay bt @3 e 260 el Bl
.(Hagedorn 1989)

LR (RN e [ R VPPN PR U SRey TR
Bl Mgzl e B o sjor JS5 Addisee Y piled

149






Dodl 3l el 1-1-6

ol AW 2285 Sl ) IO Dol 23 gad oty

IMWyfa t5 ae (ZalS Salizaly (Aol 8) sumly &y Thalal

] ool b U Dol 25 gaiy ol gliiadly LML

ol bage ¢ Jorts il Ll ) gl ) BLS) i)
.25 MW /a dorta] da

Lt Blal) ¢ HSLY SN2 2-1-6

o8 e e cdaSlral Ll Bl B3l Gl
Bl b Bl 28U 0odll ) ot BUalt S5zl
(b Bl 5US) 0.4 ssbinal 225 plisuzal o3 43k 4Tl
Iy (0.85 Laall ada ils Ltally ALl 5,5 ,140,
huaf Ly e 83yl ada Jugonsll fulye 0.8 cols U
Dy paed) @ild (FoYN) Bitead) dsdh Jasy Litad] 3 Bl
gy wlpadt i3) il Sled 6,a JY 3 am i3 L)) L)
dd g3 Y petled) ada Gt Sayy At gudn] pal) Bl Godaty
A pa ol cda sl DLyl Ll e Lal Llsiud BL))

il 313 jraly J5pl) Wpe b (A8 g pall LN S ()

ZWW pl 3l gdl 5o 2-6
sty e Boas Glasj Zlpld Zopol ol of palt Cllows
ISz y o (JBLOYL «(Fre) (ol Oaadl) SIS (aSa
IO RORERN S RUCNIPIN /SN K J0- DO EN IR PO
3555 S o el ALY adlaadl O LaS L (Wipgny) dzdlaell
U5 g parmny (W) 23Ld) Bl bt ol bnad 2illas

151



o) IRl #AsYI 3 DUl haily Shgnt Ibe 4o oS
'(Wprc pra) L,-L!-E-H q;-bﬂﬂ‘ ;.;'Lh.ﬂ

W pre pro = 2 Wres + 2 W e + 2 Worans + 2 W e N

Qa&-“ Jg_,lﬂ 1-2-6

Gyl st ssladl 5 Bttt Juls a5 Lo Tolazel

e e 5,08 0555 O Ky aKalt skt wulidi OB Aol
T Leoreal) By ] e DS OB Lei Sz ()
FE i IS wie DL Bl By Wpraspeos) Lo
(Wirans) Ml 15 Lad sy Do U oinl) 0,5 L
Sl ‘-’J NES of o LS &(d‘-v'l_,a\.“_p u._.uﬁl.'-wb ‘CJ.,.”)
Cdpde A8y (ol b)) e Kl e (Winraen) dioed Aoy 4al)
e O..:_J.a.l'.jll s.....l.h.h__, .(CJ'I_)LLJ_, ‘O.:.(.....':'_, u.......-.:.:'L;T bj.h::-_,
oo o mia W 5ol cpdatly (W) 34ee ot Lo,V
RETTIN INVUIPLE S PR JUPS QP15 SU TR FOPS PP
Wrecyete) ool e ) Gle]y apodl s ooy ¢ aSedl

W res =2mevp¢r +2Wivy5-mfr +2Wm +ZWprep +2Wrecycle (®)

r\.‘i-.“ ol gl JMizly o oui 2-2-6
. (W,epam;e) Lg_l..,a."_p t."-ib"LSJ.!'I e thJ'l Jb.a.!'l J._{J:J ey
rl-;h” a\J:..l.! .Lg.'l'}_,_, aabadt EJL‘:SU.LFLM'I w.‘.‘.” ool g
(st 51 G 5lae pluisvanl) LSiSn Lhenl) ol o) Koy ¢ LLual
A1 T AL ol sl yall 5 o Kagy pomdll s J20) LobensS
o el aay Lt gl Ll o colinan Loy 318 oy

152



s g el 5l calian 5 (AU Lol dand) y plsdl oyl Jai
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(1996)
Lenzen (1999) 0.03 0.4 (pl=) g
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(1996)

Lenzen (1999) 0.13 1.7 $r—
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gl0.23 kg 1 G2l o Gkl Lagly) SUS S5z (kWh S0 64 S ]
.(Wagner) 1996 _iif) kWh JS5 & 4 31 s

codlaie = G ol gSlly Jani= B Jjo= D & kii= HO
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CL"-'y (ntype) - &_,-l it OlaT (el Al 4SSl
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(m?kg) Al Osfcla | Lopad | a5l dm Gy
aWhkg | Whig | GWhig | &Whikg)
Aulich et aL] 1986 0.38 5 150 416 - a8l
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