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(W/m? ) ddlia clow P& il g lai¥) = Hy

A
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(altitude visibility) (km 83 5 ) adsall 435 30 gl&s ) = A

Flall sl ik g bl daja granead c elaa (1) Jsaa

Io
Ik Iy él_bd\ g9
5 km 23 km
1.02 | 0.98 0.92 0.95 (Tropical) 48 siuY) (3lalial)
1.02 0.99 0.96 0.97
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sl G pal) b slid
1.00 1.01 1.04 1.03
(Mid-latitude winter)
ki 4k GRL i
1.01 0.99 0.98 0.99

(subarctic summer)

[Ref. Decarli et al. 1986, Hottel 1976, Parker 1991]

For A =23 km

a; =0.4237 - 0.00831 (6 — A)? -2 (11)
a; = 0.5055 - 0.00595 (6.5 — A)? -2 (12)
k*=0.2711-0.01858 (2.5 — A)? -2 (13)
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For A =5 km
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H,, = Time of sunrise = 12 — (f—ss - (25)
Hy; = Time of sunset = 12 + (f—ss - (26)
ws = cos~1(—tan ¢ tan &) > (27)
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AC output . pure sine wave
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Output frequency :57-62 Hz
Input voltage 50V
Output current :2.08 A
Output type - single
Output power : 1- 200 Kw
Output voltage : 120V
Weight : 0.7 kgs
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Nominal DC Power
Operating MPP input
voltage range

nominal )

Full power MPP range
Max input voltage
Activation voltage

from 120v to 350v)

Max DC current

Nominal AC power
Nominal AC voltage
Continuous AC output current
Max .output O.C protection
Max. efficiency
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: 3750 W
: 90 V to 580V (380 V

:190 Vto 580V
: 600 V

: 200 V nominal (adjust

18 A/20 A,,
£ 3600 W

- 230 V

17,2 A

125 A

£ 96.8%
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Maximum output (P,..)
Tolerance of the power (+/-)
Maximum power voltage (V,.,)
Maximum power current (1,.,)
Open-circuit voltage (V)
Short-circuit current (1)
Temperature coefficient (P_,,)
Temperature coefficient (V)
Temperature coefficient (1,.)
Maximum series fuse rating
Maximum system voltage

170 W

3% b ARl doala
352V
483A
438V
514A

-0.5 %/°C
-0.155 V/°C
3 mAa°C
15A

600V

%Y <+ 5,80 dalen Jlma Lele Lamse s VYo Jgase o dagd (V) 84

ELECTRICAL PERFORMANCE

Electrical parameters at Standard Test Conditions (STC)

Medule type YLioxxP-29b (oex=P,,.)

Power output P w 260 255 250 245 240

Power output tolerances AP__ w 0/+5 (_EJIQJ! “HLLAM
Medule efficiency n. % 16.0 157 15.4 15.1 14.8
Veoltage at P, Vo v 303 30.0 29.8 29.6 29.3
Current at P, | A 8.59 8.49 8.39 8.28 8.18
Open-circuit voltage v, v 37.7 377 376 37.5 37.5
Short-circuit current I, A 9.09 9.01 8.92 8.83 8.75

STC: 1000W/m? irradiance, 25°C cell temperature, AM1.5g spectrum according to EN 60504-3.
Average relative efficiency reduction of 3.3% at 200W/m?according to EN 60504-1.

Electrical parameters at Nominal Operating Cell Temperature (NOCT)

Power output P_. w 189.7 186.0 182.4 178.7 1751
Voltage at P, v, Vv 276 274 27.2 27.0 268
Current at P__, L A 6.87 679 6.71 6.62 6.54
Open-circuit voltage V. v 34.8 34.8 347 34.6 34.6
Short-circuit current I A 7.35 7.28 7.21 7.14 7.07

NOCT: open-circuit module operation temperature at 800W/m® iradiance, 20°C ambient temperature, 1m/s wind speed.
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Specification of a charge controller :(as aSaia aibadl Jba

Rated voltage: 12V deall e
Max solar panel input current 20 A doveedl) Al Jane i ol
Max solar panel work voltage 23 V el LAY s 2¢a il
Max input solar panel power 200 W Qe 4081 Jana 3 )08 ol

Solar panel efficiency improvement: 10- 30% 4welll 4040 o 3. S
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Working efficiency rate: 95-97%

MPPT regulator (maximum power point tracking)
Full charge cut: 14 V

Voltage drop <400 mV

Low voltage cut: 10.5 V

Supply resume voltage: 12.6 V

Temp compensation : - 3 mV/ cell

Zero loaded losses : <=45mA /12 V

Min. Wire size: 1 ~2 A/ mm2

Dimensions: 188 * 118 * 55 cm
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A ganall CBAS g1 g arad il (€) J8&

DAl sanall COUSY Caua 5 (V) Jsas

Cable
Cable Cross Strandin . . Extra Fine
Section mm2 Strands Multi-Wirge Flne er? Wire
QS adaie Aalise = Jsiae LS ks D s o DL
(3aaxia SDT)
0.5 7 x 0.30 7 x 0.30 16 x 0.21 28 x 0.06
0.75 7 x0.37 7 x0.37 24 x 0.21 42 x 0.16
1.00 7 x0.43 7 x0.43 32x0.21 56 x 0.16
1.50 7 x0.52 7 x0.52 30 x 0.26 84 x 0.16
2.50 7 x 0.67 19 x 0.41 50 x 0.26 140 x 0.16
4.00 7 x0.85 19 x 0.52 56 x 0.31 224 x 0.16
6.00 7 x1.05 19 x 0.64 84 x 0.31 192 x 0.21
10.0 7 x1.35 49 x 0.51 80 x 0.41 320 x 0.21
16.0 7 x1.70 49 x 0.65 128 x 0.41 512 x 0.21
25.0 7x2.13 84 x 0.62 200 x 0.41 800 x 0.21
35.0 7 x2.52 133 x 0.58 280 x 0.41 1120 x 0.21
50.0 19 x 1.83 133 x 0.69 400 x 0.41 705 x 0.31
70.0 19 x 2.17 189 x 0.69 356 x 0.51 990 x 0.31
95.0 19 x 2.52 259 x 0.69 485 x 0.51 1340 x 0.31
120.0 37 x2.03 336 x 0.67 614 x 0.51 1690 x 0.31
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§ e dendl G sllaall Ciliial gall Wada agaien 5 (o2t
(al) S gall 220 5 £ 5l ks Jraaill Lt das () Jsaa

Alaaal) 5 )l Aa ) Lk 5,08 iaid Jule (1) Json
(eel) QS & il e Jpanil) Ui daas (V) Jsan

o gall Agalal COUISY 230 56N (ailiadll (A) Jsoa
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(Ussel) hasall 330 5 il e Juantl) L B (°) oo

S DC sl s | skl S A | galal 5 DC JiS | phaie dalis
AC AC AC skl aca 5l
@lal JAS Y) [l oS D) | e g sing JiS) (Yae)
(el A S A )l IS | ) Ay Gl s
(©hase (les 05

-- 9.0 11 1.0

- 15.0 17 15

- 24.0 27 2.5

- 36.0 41 4.0

- 47.0 53 6.0

- 64.0 73 10.0

- 86.0 99 16.0

- 114.0 131 25.0
192 140.0 - 35.0
240 170.0 -- 50.0
297 216.0 -- 70.0
354 262.0 - 95.0
414 303.0 - 120.0
476 348.0 - 150.0
540 397.0 - 185.0
645 467.0 -- 240.0
741 537.0 - 300.0
885 -- - 400.0
1190 -- - 630.0

Source: www.eland.co.uk
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80| 75| 70| 65| 60| 55| 50| 45| 40| 35| 4
C°| C°| C°| C°| C°| C°| C°f C°| cC°| cC°fsyad
dapadll

0.4010.50|0.57]0.640.70|0.76 | 0.82 | 0.88 | 0.91 | 0.95 Jale
5 _yadl)
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(OLl) COUSH Jpend daws (V) s2a

aa VI AEE COLUEAC | ) il Ll UK o sall adaite daline
£ Y e s JIS) | aasll galad o i s Yae
(©as o Obase o (558 JUS)
(J:‘:‘Ai) Jeasa G52 e daidy
(e
(sel)
9 11 1
15 17 15
24 27 2.5
36 41 4
47 53 6
64 73 10
86 99 16
114 131 25
192 140 35
240 170 50
297 216 70
354 262 95
414 303 120
476 348 150
540 397 185
645 467 240
741 537 300
885 - 400
1190 - 630
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o sl dalal COUST Al 58l Gailiadd) (A) s

iaslie ol seall b | zsenal il piie | JAS) adae Aalis
(Ushll galal) | (shll gaal) | (s)sed) 3 as ) mm2
Km/Q (V/A. Km) (Amp)
13.3 23.3 23 1.5
7.98 14.0 32 2.5
4.95 8.7 43 4.0
3.3 5.9 56 6.0
1.91 3.4 77 10.0
1.21 2.2 102 16.0
0.78 1.4 136 25.0
0.554 1.04 168 35.0
0.386 0.75 203 50.0
0.272 0.56 254 70.0
0.161 0.36 363 120.0
0.129 0.31 416 150.0
0.106 0.28 475 185.0
0.0801 0.23 559 240.0
0.0641 0.20 637 300.0
0.0384 0.16 833 500.0

Source: www.nexans.fr/e-service
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Crbease e 4y ginall COUSH A0 68D Gailadll (1) Jsan

Ao slia il 2eall Lo sua z samall il i S adaite dalise
(Lshll o)) (Ushl galal) | (s)sedl & S ) mm?2
Km/Q (V/A. Km) (Amp)
19.5 39.4 18 1.0
13.3 27.0 23 15
4.95 10.1 43 4.0
3.3 6.7 56 6.0
1.91 3.8 77 10.0
1.21 2.5 102 16.0
0.78 1.68 136 25.0
Ol sall A5 OIS 4l 46 S) pailiaddl (V+) Jsaa
Ao slie 2l Jasaa 7 samall Ll i QS adaie dalise
(Lshl salal) (Ushl gal) | (slsedl 2 S x) mm2
Km/Q (V/A. Km) (Amp)
13.3 27.0 23 1.5
7.98 16.2 32 2.5
3.3 7.0 56 6.0
191 4.0 77 10.0
1.21 2.5 102 16.0
0.78 1.7 136 25.0
0.554 1.21 168 35.0
0.386 0.87 203 50.0
0.272 0.64 262 70.0
0.206 0.5 320 95.0
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N




0.161 0.4 373 120.0
0.129 0.35 432 150.0
0.106 0.3 495 185.0
0.08 0.26 587 240.0
0.064 0.22 680 300.0
i g Ay )l il OIS Al o<l Gaibaddl (1)) Jsaa
Ao slie 2l Jasaa 7 samall Ll i JiS)) adaie dalise
(Ushl galal) | (Ushll galal) | (s)sed) 8 S 5) mm2
Km/Q (V/A. Km) (Amp)
19.5 34.08 16 1.0
13.3 23.3 21 15
7.98 14.0 29 2.5
4.95 8.71 38 4.0
3.3 5.84 50 6.0
1.91 3.42 68 10.0
1.21 2.2 92 16.0
0.78 1.44 122 25.0
0.554 1.04 150 35.0
0.386 0.75 182 50.0
0.272 0.56 232 70.0
0.206 0.44 281 95.0
0.161 0.36 325 120.0
0.129 0.31 373 150.0
0.106 0.28 425 185.0
-- 0.23 500 240.0
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o glie dallbsn | 2 sawdl Ll gt | QS adaie dalise
(Ushl) gaad) | (Lshll saal) | (s)sed) & S ) mm2
Km/Q (V/A. Km) (Amp)

19.5 34.1 16 1.0
13.3 23.6 21 1.5
7.98 14.0 29 2.5
4.95 8.72 38 4.0
3.3 5.84 50 6.0
1.91 3.43 68 10.0
1.21 2.2 92 16.0
0.78 1.44 122 25.0

emsa P1 VA VY aaadl il LS Al 5eSH aileadll (V1) Jsaa

Laslie oaall | 2gall Logaa Dl e | pdaie dalie | CBla gall 2o
AN) PAN) z samall Sl Jsi
(Lshkl (Lshl & =S ) mm?2

Km/Q | (VIA. Km) (s 56l
(Amp)
13.3 23.3 11 1.5 12
13.3 20.7 9 1.5 18
13.3 6 1.5 36
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Culgd 1Y 3 OIS e (Y €) Jgaa

12 V Wire sizing table _ standards Wire (metric)

load Distance between battery and load (m)

1‘2‘3‘4‘5‘6 7‘8‘9‘10‘11‘12‘13‘14‘15‘16‘17|18‘19‘20
W A Standard size wire needed (mm2)
6 05 | 25|25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 25
10 08 | 25|25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 25|25 |25]2s
12 10 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 | 2525|2525
13 11 |25 | 25|25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25
15 13 |25 |25 |25 |25 |25 | 25|25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 | 25
18 15 | 25|25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 | 2525|2525
20 17 |25 | 25|25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25|4 |a
2 18 | 25|25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |4 |4 |a
2 20 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 25|25 |25 |25 |a |[a |4 |a |a
28 23 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 25|25 |4 |a |a |a |4 |a |a
30 25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |4 |4 |a |a |a |4 |a |a
32 27 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25|a |4 |a |a |a |a |a |6 |6
34 28 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25 |25|4a |4 |a |a |a |a |6 |6 |6
36 30 |25 |25 |25 |25 |25 |25 25|25 |25 |25 |4 |4 |a |a |a |a |6 |6 |6 |6
38 32 25|25 |25 |25 |25 |25 25 |25 |25|a4 |a |[a |a |a |a |6 |6 |6 |6 |6

Aila ¢ gal) lasal) SIS
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40 33 25 25 25 | 25 25 25 25 25 | 25 4 4 4 4 4 4 6 6 6 6 6

45 3.8 25 25 25 | 25 25 25 25 25 | 4 4 4 4 4 6 6 6 6 6 6 6

48 4.0 25 2.5 25 | 25 25 25 25 | 4 4 4 4 4 6 6 6 6 6 6 8 8

50 4.2 25 25 25 | 25 25 25 25 | 4 4 4 4 4 6 6 6 6 6 6 8 8

55 4.6 25 25 25 | 25 25 25 | 4 4 4 4 6 6 6 6 6 6 8 8 8 8

60 5.0 25 2.5 25 | 25 25 25 | 4 4 4 4 6 6 6 6 6 8 8 8 8 8

65 5.4 25 25 25 | 25 25 4 4 4 4 6 6 6 6 8 8 8 8 8 10 10
70 5.8 25 2.5 25 | 25 25 4 4 4 6 6 6 6 8 8 8 8 8 10 10 10
72 6.0 25 25 25 | 25 25 4 4 4 6 6 6 6 8 8 8 8 10 10 10 10
75 6.3 25 25 25 | 25 25 4 4 4 6 6 6 6 8 8 8 8 10 10 10 10
80 6.7 25 25 25 | 25 4 4 4 6 6 6 6 8 8 8 8 10 10 10 12 12
84 7.0 25 25 25 | 25 4 4 4 6 6 6 8 8 8 8 10 10 10 12 12 12
85 7.1 25 25 25 | 25 4 4 4 6 6 6 8 8 8 8 10 10 10 12 12 12
90 7.5 25 25 25 | 25 4 4 6 6 6 6 8 8 8 10 10 10 12 12 12 12
96 8.0 25 25 25 | 4 4 4 6 6 6 8 8 8 10 10 10 12 12 12 14 14
100 8.3 25 25 25 [ 4 4 4 6 6 6 8 8 8 10 10 10 12 12 12 14 14
108 9.0 25 25 25 [ 4 4 6 6 6 8 8 8 10 10 12 12 12 14 14 14 16
110 9.2 25 25 25 | 4 4 6 6 6 8 8 10 10 10 12 12 12 14 14 14 16
120 10.0 25 2.5 25 | 4 4 6 6 8 8 8 10 10 12 12 12 14 14 16 16 16
130 10.8 25 25 | 4 4 6 6 8 8 8 10 10 12 12 14 14 14 16 16 18 18

Aila ¢ gal) lasal) SIS
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140 11.7 25 | 25 6 6 8 8 10 10 12 12 14 14 14 16 16 18 18 20
150 125 25 | 25 6 6 8 8 10 10 12 12 14 14 16 16 18 18 20 20
160 13.3 25 | 25 6 8 8 10 10 12 12 14 14 16 16 18 20 20 22 22
170 14.2 25 | 25 6 8 8 10 12 12 14 14 16 16 18 20 20 22 22 24
180 15.0 25 | 25 6 8 10 10 12 12 14 16 16 18 18 20 22 22 24 24
190 15.8 25 | 4 8 8 10 12 12 14 14 16 18 18 20 22 22 24 26 26
200 16.7 25 | 4 8 8 10 12 12 14 16 16 18 20 20 22 24 24 26 28
220 18.3 25 | 4 8 10 12 12 14 16 18 18 20 22 22 24 26 28 28 30
240 20.0 25 | 4 8 10 12 14 16 16 18 20 22 24 24 26 28 30 32 32
260 21.7 25 | 4 10 12 14 14 16 18 20 22 24 26 26 28 30 32 32 32
280 233 25 | 4 10 12 14 16 18 20 22 24 26 28 28 30 32 32 32 32
300 25.0 25 | 4 10 12 14 16 18 20 22 24 26 28 30 32 32 32 32 32
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24 V Wire sizing table _ standards Wire (metric)

Load Distance between battery and load (m)

1|l 2]3[afs]e] 7|89 f10f1a]12]13]1af15[16]17]18]19]20
w A Standard size wire needed (mm2)
100 | 42 | 2525|2525 2525|2525 |25 |25 |25|25|25]|25]|25]|35]|45]|55]|65]75
100 | 42 | 25|25 252525252525 |25|25|25|25]|25]|25]|25] 4 4 4 4 4
110 | 46 | 2525|2525 25|25 | 25|25 |25]|25|25]|25]|25]| 4 4 4 4 4 4 4
120 5 |25|25|25]|25]25] 2525|2525 |25|25|25] 4 4 4 4 4 4 4 4
130 | 54 | 25|25 2525|2525 2525|2525 25| 4 4 4 4 4 4 4 6 6
140 | 58 | 25| 25| 25|25 2525|2525 |25|25]| 4 4 4 4 4 4 4 6 6 6
150 | 63 | 2525|2525 25| 25|25|25|25]|25] 4 4 4 4 4 4 6 6 6 6
160 | 67 | 25| 25| 25| 25|25 2525|2525 4 4 4 4 4 4 6 6 6 6 6
170 | 71 | 25| 25|25 25|25 25|25 25| 4 4 4 4 4 4 6 6 6 6 6 6
180 | 75 | 2525|2525 2525|2525 ]| 4 4 4 4 4 6 6 6 6 6 6 6
190 | 79 |25 25|25 25|25 25|25 4 4 4 4 4 6 6 6 6 6 6 8 8
200 | 83 |25 25|25 2525|2525 4 4 4 4 4 6 6 6 6 6 6 8 8
220 | 92 | 25| 25|25 25|25 25| 4 4 4 4 6 6 6 6 6 6 8 8 8 8
240 | 10 |25 2525|2525 25| 4 4 4 4 6 6 6 6 6 8 8 8 8 8
260 | 1082525252525 4 4 4 4 6 6 6 6 8 8 8 8 8 | 10 | 10
280 | 11.7 | 25|25 25|25 25| 4 4 4 6 6 6 6 8 8 8 8 8 | 10 | 10 | 10
300 | 1252525252525 4 4 4 6 6 6 6 8 8 8 8 | 10| 10| 10] 10
350 | 146 | 2525|2525 4 4 6 6 6 6 8 8 8 |10|[10]10]10]12]12] 12
400 | 167 | 2525 25| 4 4 4 6 6 6 8 8 8 |10|10f|10]12]12]12]14] 14
450 | 188 | 25| 25| 25| 4 4 6 6 6 8 8 |10 |10 )10 12|12 |12]14]14]16] 16
500 | 208252525 4 6 6 6 8 8 |10 10| 10|12 |12 |14 )] 14)] 16| 16| 16 | 18
550 | 229 | 2525 4 4 6 6 8 8 |10 |10 |12 |12 12 14) 14|16 16| 18| 18| 20
600 | 25 | 25| 25| 4 4 6 6 8 8 |10 10|12 |12 14]14) 16| 16| 18| 18| 20| 20
650 | 271 | 25 25| 4 6 6 8 8 |10 |10 121214 |16 ]| 16| 18] 18|20 20 | 22| 22
700 | 292 | 25| 25| 4 6 6 8 10|10 |12 |12 | 14|14 )16 ]| 18| 18| 20| 20| 22 | 24 | 24
750 | 323 | 25| 25| 4 6 8 8 | 10|10 )12 |14 |14 |16 | 18| 18| 20| 20| 22| 24| 24| 26
800 | 33325 4 4 6 8 8 10|12 |12 |14 |16 | 16| 18| 20| 20| 22| 24| 24 | 26 | 28
850 | 354 | 25| 4 6 6 8 |10 | 10|12 |14 )16 ]| 16| 18] 20| 20| 22|24 26| 26| 28| 30
900 | 375 25| 4 6 6 8 |10 |12 12|14 ]| 16| 18] 18 20| 22| 24| 24| 26| 28| 30| 30
950 | 396 | 25| 4 6 8 8 | 10|12 ) 14|16 | 16|18 ) 20| 22|24 |24 ] 26| 28] 30| 32] 32
1000 | 41.7 | 25 | 4 6 8 |10 |10 12|14 |16 | 18| 20| 20| 22| 24| 26| 283030 32] 32
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51 Ao alea Lghe JS) platin) Zaslil) &Y s 5all £ ¥factor
: &Y Glise (Temperature coefficient )
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0.45% Ay 5,08 (alidd) Guasy 25 ¢° e el 350 a
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(-0.5 % /c°) ¥ 52 5all ad sl 5 ) adl da jo Jalaa 55
(Thin film) &8 ald J 250 =

0555 5 b JB1 (e Al sl syl Adlisa alliad Y g all
Jaloa il piliall (e 2SI iy (-0.25 % /c°) Y (0.0% /c°)  dss
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(V) JBe
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(25¢° 23) (STC) 3 4a 0 oo 30C° = 2 4dal) 351 a0 of xg 12
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1.25 X 720 Wp = 900W

48 58nall 3 )3 5 24V HUaill 3a e MPPT g 5 U (£) dsa> A g sl
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G il ady Gy ymall g ¢ gl (ha ol a8 sall da o plady)
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Erear= Eigear - Y ---------------- (3)

Erear=Dpy - 22 .23 .24 .Y

_ Ereal
Ppv = Zo Z3 Z4X (4)

. g gdl) AUAY sl B Auiiial) ABUAY 5 Ciseal) B B 311 48U sl

sl 31 AU e cliboal) aaiad 380 e Aol Al 5 ol Aalal mracas vie Llle
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Y=0.76
e Jeant Glilall oda aladiuly g
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_ 248 wh/d
"~ 0.44 x 1.93 x 1.06 x 0.76

Ppv

3 400 Wp _lids gl elidl) 8 Jaansall (ulad e J g0 gall 3508 JLid) oy aile
. auall B0 ) dad

I 3529 b PV 48 gian (e daiial) duily 4 Sl) A8
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L) i e () Jsen

(%) G
0.50 >80% (Heavy) «aiS
0.65 60% - 80% | (significant) e Ja
0.80 20% - 60% (modest) Jixs
1.00 <20% | o> J slasase e
(non or very little)

(Y) Jte

€ 1.3 M2 1 Jspall Aaliac) 8 5hl) (salal 0 sSalis Jsaa5m A G 4550 2 s
Y5 1072 kwh/m2 (s siadl Guadd) gl ¢ o o 4K 50 (1170 Wp 308 (ool
48 ol o3 (o Aniall Al g AL o) | DB A 225

Output (kWh) = 0.8 x (8 x 170 x1073) x 1072 x 1 = 1166 kWh
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A lad ilSe e

1000 M2 dabual ¢ (5 sind) el oSI ANgin) (10 40% (ASS Apnad Aana o llaa
20kw to elill 5 caaall (8 L) Jea¥ ¢ 28800 kwh s siad] gy
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Do A

170 Wp © smasall 5,08 ol o

1.3m2 : Jdsosdldalin o

£1500/m2 : il Clelis) Call<i o

£ 800 : Jssall Cleli) oSS o

30°: die 4l s sindl dnlidaia SV s 54l @
€0.1733/kwh : cL Sl 44y ;25 @
Zpv=10 gl dbagny o

G = 1074 kwh/m2.y : zUall (5 siudl g i) 2ty jUA juia gall 2ie -)
D s sall 1 M2 IS e dniial) Al 5o A8 e J paall (0) Uabaall (Gulas -Y

Output (kWh) = 0.8 (0.17kWp/1.3 m2) x 1074 x 1 = 112 kwh/year
4l g3 gl danall (e dle J seandl (o sllaal) d8UAN D) Y
40 % ( il DG (1) = 0.4 x 28800 = 11520 kwh
MUY (0 40% Y A O Y a0 gall dalise runti- €

11520 kwh
—— =103 m2
112 kwh/m?2

103 m2 daludl (i ¢ 170 Wp e 4k Jaasi Jsnsall 1.3m2 IS 0¥ 5
"".. X

103 x (0.17/0.3) = 13.4 kW
103 m2 Aalual) 4S5 8 £ 800  (ssbasi (1.3 M2) Jisp sall AdlSH uilS 1) -0

(103/1.3) x € 800 =& 63384
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11520 kWh x 25 =281250 KWh

datia 1 kwh JS s

€ 63384/281250 kwh =€ 0.225/kwh

C—i\.\.\j\ FRY UAAAA‘_AN\ djdaj\ cm}.}
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B Y0t Y g gal)l il jue
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223 10 M2 Aaladl glé ¢ 170 Wp e 4 Jiasi g2 5al 1.3m2 IS (e

10x (0.17/1.3) = 1.31 kw
10 Aaludl 4S5 (i g 1000 (55ted (1.3 M2) Jispasall A8 CulS 1Y) -0
m2
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Riw Yo Jaill jee s o Aaiall ol S

1125 kWh x 25 = 28125 kWh
daiie 1 kwh JS @l

€ 7692/28125 kwh = £ 0.274/kwh
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Multi-J : multi-junction material

Mono Si :mono crystalline silicon

Poly Si : poly crystalline silicon

CIGS :copper indium gallium selenide
A- Si :amorphous Silicon

CdTe :Cadmium telluride
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Overhead , mark up)
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(Data courtesy GTM Research/SEIA: US. Solar Market Insight)
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0.04 40 6 43 85% | 1000 bl ol
Nat. Gas
(CCGT)
0.05 45 10 30 85% | 2750 (Coal) =il
0.04 25 10 - 35% | 2500 (Wind) L
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IEC 60364-44 low voltage electrical insulations — Part 44
Protection for safety - Protection against voltage
disturbances and electromagnetic disturbances.

IEC 60898-2 Circuit-breakers for overcurrent protection for
household and similar installations - Part 2:
Circuit-breakers for A.C. and D.C. operation

IEC 60904-1 Photovoltaic devices - Part 1: Measurement
photovoltaic current-voltage characteristics.

IEC 60904-2 Photovoltaic devices - Part 2: Requirements
reference solar devices.

IEC 60904-8 Photovoltaic devices - Part 8: Measurement

spectral response of a photovoltaic (PV) device.

IEC 60947-2 Low-voltage switchgear and control gear -

Part 2:

[7]

[8]

[9]

[10]

Circuit-breakers.

IEC 61215 Crystalline silicon terrestrial photovoltaic (PV)
modules- Design qualification and type approval.

IEC 61277 Terrestrial photovoltaic (PV) power generating
systems - General and guide.

IEC 61439 Low Voltage Switchgear and Control gear
Assemblies.

IEC 61683 Photovoltaic systems - Power conditioners-



Procedure for measuring efficiency.

[11] [IEC 61721 Susceptibility of a photovoltaic (PV) module to
accidental impact damage (resistance to impact test)

[12] IEC 61724 Photovoltaic system performance monitoring-
Guidelines for measurement, data exchange and analysis.

[13] IEC 61727 Photovoltaic (PV) systems - Characteristics of
the
utility interface.

[14] IEC 61829 Crystalline silicon photovoltaic (PV) array -
Onsite
measurement of |-V characteristics.

[15] IEC 62093 Balance-of-system components for
photovoltaic
systems - Design qualification natural environments

[16] [IEC 62109-1 Safety of power converters for use in
photovoltaic
power systems - Part .1; General requirements.

[17] IEC 62109-2 Safety of power converters for use in
photovoltaic
power systems - Part 2: Particular requirements for
inverters.

[18] IEC 62446 Grid connected photovoltaic systems -
Minimum
requirements for system documentation,
commissioning tests and inspection.

[19] IEC 62548 Design requirements for photovoltaic (PV)
arrays

[20] IEC 61730-1 photovoltaic module safety qualification
Part 1 requirements for construction



[21] |EEE 928 Recommended criteria for terrestrial PV power
systems.

[22] |EEE 1374 Guide for terrestrial PV power system safety.

[23] |EEE 1547 Interconnecting Distributed Resources with
Electric Power Systems.

[24] NEMAAB-1 Molded Case Circuit Breakers and Molded
Case
Switches.

[25] ASTM E1036 Standard Test Methods for Electrical
Performance
of Non-concentrator Terrestrial Photovoltaic
Modules and Arrays Using Reference Cells.

[26] ASTM E1171 Test Methods for Photovoltaic Modules in
Cyclic
Temperature and Humidity Environments

[27] ASTME 1799 Standard Practice for Visual Inspections of
Photovoltaic Modules.

[28] ASTM E 1802 Standard Test Methods for Wet Insulation
Integrity
Testing of Photovoltaic Modules.

[29] ASTM E 1830 Standard Test Methods for Determining
Mechanical Integrity of Photovoltaic Modules.

[30] ASTM E 2047 Standard Test Method for Wet Insulation
Integrity
Testing of Photovoltaic Arrays.

[31] NFPA 70 Instrument Inverters, Converters, Controllers
and
Interconnection System Equipment for Use with
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[35]
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[37]

[38]

[39]

Distributed Energy Resources.
UL 1741 Flat-Plate Photovoltaic Modules and Panels.

UL 1703 National Electrical Code.

DIN EN 60891(VDE 0126-6):2010-10

Procedures for temperature and irradiance corrections to
measured |-V characteristics of crystalline silicon
photovoltaic devices

DIN EN 60904-1(VDE 0126-4-1):2007-07

Photovoltaic devices - Part 1. Measurement of
photovoltaic current-voltage characteristics (IEC 60904-
1:2006); German version EN 60904-1:2006

DIN EN 60904-2 (VDE 0126-4-2):2008-02

Photovoltaic devices - Part 2: Requirements for reference
solar devices (IEC 60904-2:2007); German version EN
60904-2:2007

DIN EN 60904-3(VDE 0126-4-3):2009-02

Photovoltaic devices - Part 3: Measurement principles for
terrestrial photovoltaic (PV) solar devices with reference
spectral irradiance data (IEC 60904-3:2008); German
version EN 60904-3:2008

DIN EN 60904-4 (VDE 0126-4-4):2010-06

Photovoltaic devices - Part 4: Reference solar devices -
Procedures for establishing calibration traceability (IEC
60904-4:2009); German version EN 60904-4:2009

DIN EN 60904-5 (VDE 0126-4-5):2011-10

Photovoltaic devices — Part 5: Determination of the
equivalent cell temperature (ECT) of photovoltaic (PV)
devices by the open-circuit voltage method (IEC 60904-
5:1993); German version EN 60604-5:1995 DIN EN
60904-7



[40]
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[43]

[44]
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(VDE 0126-4-7):2009-12

Photovoltaic devices — Part 7: Computation of spectral
mismatch correction for measurements of photovoltaic
device (IEC 60904-7:2008); German version EN 60904-
7:2009

DIN EN 60904-8:1998-11 Photovoltaic devices — Part 8:
Measurement of spectral response of a photovoltaic (PV)
device (IEC 60904-8:1998); German version EN 60904-
8:1998

DIN EN 60904-9 (VDE 0126-4-9):2008-07

Photovoltaic devices - Part 9: Solar simulator performance
requirements (IEC 60904-9:2007);

German version EN 60904-9:2007

DIN EN 60904-10 (VDE 0126-4-10):2010-10
Photovoltaic devices — Part 10: Methods of linearity
measurement (IEC 60904-10:1998); German
version EN 60904-10:1998

DIN EN 61829:1999-02 Crystalline silicon photovoltaic
(PV) array - On-site measurement of I-V characteristics
(IEC 61829:1995); German version EN 61829:1998

DIN EN 50380:2003-09 Datasheet and nameplate
information for photovoltaic modules; German version EN
50380:2003

DIN EN 50461 (VDE 0126-17-1):2007-03

Solar cells - Datasheet information and product data for
crystalline silicon solar cells; German version EN
50461:2006

DIN EN 50513 (VDE 0126-18):2009-12
Solar Wafers — Data sheet and product information for
crystalline silicon wafers for solar cell



Manufacturing
[48] DIN EN 61215 (VDE 0126-31):2006-02
Crystalline silicon terrestrial photovoltaic (PV) modules -
Design qualification and type approval
(IEC 61215:2005); German version EN 61215:2005

[49] DIN EN 61345:1998-11 UV test of photovoltaic (PV)
modules (IEC 61345:1998); German version EN
61345:1998

[50] DIN EN 61646 (VDE 0126-32):2009-03
Thin-film terrestrial photovoltaic (PV) modules - Design
qualification and type approval
(IEC 61646:1996); German version EN 61646:1997

[51] DIN EN 61701:2000-08 Salt mist corrosion testing of
photovoltaic (PV) modules (IEC 61701:1995); German
version EN 61701:1999

[52] DIN EN 61725:1998-03 Analytical expression for daily
solar profiles (IEC 61725:1997); German version EN
61725:1997

[53] DIN EN 61730-1 (VDE 0126-30-1):2007-10
Photovoltaic (PV) module safety qualification - Part 1.:
Requirements for construction (IEC 61730-1:2004,
modified); German version EN 61730-1:2007

[54] DIN EN 61730-2 (VDE 0126-30-2):2007-10
Photovoltaic (PV) module safety qualification - Part 2:
Requirements for testing (IEC 61730-2:2004,modified);
German version EN 61730-2:2007

[55] DIN EN 61853-1 (VDE 0126-34-1): 2011-12
Photovoltaic (PV) module performance testing and energy
rating - Part 1: Irradiance and temperature performance
measurements and power rating (IEC 61853-1:2011);
German version EN 61853-1:2011



[56]

[57]

DIN EN 62108 (VDE 0126-33):2008-07

Concentrator photovoltaic (CPV) modules and assemblies
- Design qualification and type approval (IEC 62108:2007);
German version EN 62108:2008

DIN EN 50524 (VDE 0126-13):2010-04
Data sheet and name plate for photovoltaic inverters;

German version EN 50524:2009

[58]

DIN EN 50530 (VDE 0126-12):2011
Overall efficiency of grid connected photovoltaic inverters;

German version EN 50530:2010

[59]

[60]

[61]

[62]

[63]

DIN EN 61683:2000-08 Photovoltaic systems - Power
conditioners - Procedure for measuring efficiency (IEC
61683:1999); German version EN 61683:2000

DIN EN 61727:1996-12 Photovoltaic (PV) systems -
Characteristics of the utility interface (IEC 61727:1995);
German version EN 61727:1995

DIN EN 62109-1 (VDE 0126-14-1:2012-04

Safety of power converters for use in photovoltaic power
systems — Part 1: General requirements

(IEC 62109-1:2010); German version EN 62109-1:2010

DIN EN 62109-2 (VDE 0126-14-2): 2012-04

Safety of power converters for use in photovoltaic power
systems - Part 2: Particular requirements for inverters (IEC
62109-2:2011); German version EN 62109-2:2011

DIN EN 62116 (VDE 0126-2): 2012-01

Test procedure of islanding prevention measures for
utility- interconnected photovoltaic

inverters (IEC 62116:2008, modified); German version EN
62116:2011



[64] DINV VDE V 0126-1-1 (VDE V 0126-1-1):2006-02 + Al:
2010-02
Automatic disconnection device between a generator and
the public low-voltage grid

[65] DIN EN 50521 (VDE 0126-3):2009-10
Connectors for photovoltaic systems — Safety; German
version EN 50521:2008

[66] DIN EN 61427:2006-03 Secondary cells and batteries for
solar photovoltaic energy systems — General requirements
and methods of test (IEC 61427:2005); German Version
EN 61427:2005

[67] DIN EN 50548 (VDE 0126-5): 2012-02
Junction boxes for photovoltaic modules

[68] DIN CLC/TS 50539-12 (VDE V 0675-39-12):2010-09
Low-voltage surge protective devices - Surge protective
devices for specific application including d.c. - Part 12:
Selection and application principles - SPDs connected to
photovoltaic installations; German version CLC/TS 50539-
12:2010

[69] VDE-AR-E-2283-4: 2011-10 Requirements for cables for
PV systems

[70] DIN EN 61173:1996-10 Overvoltage protection for
photovoltaic (PV) power generating systems - Guide (IEC
61173:1992); German version EN 61173:1994

[71] DIN EN 61724:1999-04 Photovoltaic system performance
monitoring - Guidelines for measurement, data exchange
and analysis (IEC 61724:1998); German version EN
61724:1998

[72] DIN VDE 0100-712 (VDE 0100-712):2006-06
Electrical installations of buildings — Part 712:
Requirements for special installations or locations — Solar



[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

photovoltaic (PV) power supply systems (IEC 60364-7-
712:2002 modified); German version HD 60364-7-
712:2005 + Corr.:2006

DIN EN 62093 (VDE 0126- 20):2005-12
Balance-of-system components for photovoltaic systems —
Design qualification natural environments (IEC
62093:2005); German version EN 62093:2005

DIN EN 62305-3 Beiblatt 5 (VDE 0185-305-3 Beiblatt
5):2009-10 Protection against lightning - Part 3: Physical
damage to structures and life hazard - Supplement 5:
Lightning and overvoltage protection for photovoltaic
power supply systems

DIN EN 62446 (VDE 0126- 23):2010-07

Grid connected photovoltaic systems - Minimum
requirements for system documentation,
commissioning tests and inspection (IEC 62446:2009);
German version EN 62446:2009

DIN CLC/TS 61836 (VDE V 0126-7):2010-04

Solar photovoltaic energy systems - Terms, definitions and
symbols (IEC/TS 61836:2007); German version CLC/TS
61836:2009

DIN EN 61702:2000-08 Rating of direct coupled
photovoltaic (PV) pumping systems (IEC 61702:1995);
German version EN 61702:1999

DIN EN 61194:1996-12 Characteristic parameters of
stand-alone photovoltaic (PV) systems (IEC 61194:1992,
modified); German version EN 61194:1995

DIN EN 62124 (VDE 0126-20-1):2005-10
Photovoltaic (PV) stand-alone systems - Design
verification (IEC 62124:2004); German version EN
62124:2005

DIN EN 62509 (VDE 0126-15): 2012-03



[81]

[82]

Battery charge controllers for photovoltaic systems -
Performance and functioning (IEC 62509:2010); German
version EN 62509:2011

DIN EN 62253 (VDE 0126-50):2012-05

Photovoltaic pumping systems - Design qualification and
performance measurements (IEC

62253:2011); German version EN 62253:2011

E DIN IEC 61701 (VDE 0126-8): 2010-02
Salt mist corrosion testing of photovoltaic (PV) modules

(IEC 82/576/CD:2009)

[83]

[84]

[85]

[86]

E DIN EN 61730-1/A1 (VDE 0126-30-1/A1): 2009-11
Photovoltaic (PV) module safety qualification - Part 1.:
Requirements for construction (IEC 82/568/CDV:2009);
German version EN 61730-1:2007/FprA1:2009

E DIN EN 61730-2/A1 (VDE 0126-30-2/A1): 2009-11
Photovoltaic (PV) module safety qualification - Part 2:
Requirements for testing (IEC 82/569/CDV:2009); German
version EN 61730-2:2007/FprA1:2009

E DIN EN 61853-2 (VDE 0126-34-2): 2010-11
Photovoltaic (PV) module performance testing and energy
rating - Part 2: Spectral response, incidence angle and
module operating temperature measurements (IEC
82/606/CDV:2010); German version FprEN 61853-2:2010

E DIN IEC 62548 (VDE 0126-42):2010-07
Installation and safety requirements for photovoltaic (PV)

generators

[87]

E DIN EN 62670 (VDE 0126-35-1): 2001-07

Concentrator photovoltaic (CPV) module and assembly
performance testing and energy rating - Part 1:
Performance measurements and power rating - Irradiance
and temperature (IEC 82/630/CD:2011)



[88] E DIN EN 62670-2 (VDE 0126-35-2): 2012-04
Concentrator photovoltaic (CPV) module and assembly
performance testing and energy rating - Part 2: Energy
rating by measurement (IEC 82/679/CD:2011)

[89] E DIN EN 62688 (VDE 0126-36): 2011-10
Concentrator photovoltaic (CPV) module and assembly
safety qualification (IEC 82/631/CD:2011)

[90] E DIN EN 62716 (VDE 0126-39):2011-10
Ammonia corrosion testing of photovoltaic (PV) modules
(IEC 82/650/CD:2011)

[91] E DIN VDE 0126-1-1 (VDE 0126-1-1): 2012-08
Automatic disconnection device between a generator and
the public low-voltage grid

[92] E DIN VDE 0126-21 (VDE 0126-21): 2007-07
Photovoltaic in building

[93] E DIN VDE 0126-34(VDE 0126-34): 2011-01
Concentrator Photovoltaic (CPV) Module, array and
assembly: Energy rating by measurement (IEC
82/609/NP:2010)

[94] E DIN VDE 0126-60 (VDE 0126-60): 2012-05
Specification for solar trackers used for photovoltaic
systems (IEC 82/651/DTS:2011)
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