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ABSTRACT

This research project aimed to investigate the design and development
of a photovoltaic panel using sun tracking systems for a comparison of the
efficiency between fixed tilt and tracking photovoltaic systems. Mono-
crystalline silicon photovoltaic cells (size of 1.2x1.0 meter and 60-watt peak
power) were investigated in this study. The fixed tile panel was facing South
and a 15-degree tilt angle. Furthermore, the solar tracking system adjusted
the face of the solar panel to align with the sun. The results showed that the
net electric power output of the tracking photovoltaic systems was more than
the fixed tilt system especially the case of time between 7:00 AM - 11:00 AM
and 15:00 PM - 17:00 PM. The performance was not significantly different for
the case of time from 11:00 AM to 15:00 PM. Moreover, the average value of
the conversion efficiency for fixed tilt and tracking photovoltaic systems
were5.27% (0.0365 kW) and 6.95% (0.0426 kW), respectively.
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Eff = = - = % 100%
Einput I I

v ]
v v A

Wi Eff (fixed) Aa ANUSLEANTAINUDISEUUMAR AN NRSLUURARINUT (efficient)
(%)

Eoutout A8 ANMNAINUTINMUA N1ALYEDUDITTUY (W)

outpu
Einput A1 ANmEsuTIvianun fndnlavasszuy (W)
Poutput, net A8 Masfinsmdesisnanvesszuy (W)
& o ‘:4' s A 6 a vy

Peotar cell A® NASUTNLHIwAALAIDIRINEALE (W)

4 v r-:l' o v & a s a ¢ 2
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output Poutput, net PPV ] Pmotor

E
Eff = = = x 100%
Einput |b |b

(%
v W

(il Eff (tracking) Ao AUTEANTAINVDITEUUIAA LAIDITIAE LUURAAIAUT

(efficient) (%)

1%
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J - ! a a I a ¢ a { .
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Eoutput AR ATNAINUTINVIINUA NALMRDYDITTUY (W)
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A15199 2.1 MaslindslanazUseansSanvedlaatwad o YU 30 Juley 2566

Time Solar Temperature  Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed (Tracking)
(Fixed  (Tracking) tilt)
tilt)

(W/m?) (°0) (°0) (W) (W) (%) (%)
7.00 21 25.8 28.7 35 13.0 13.9 51.7
7.15 111 27.7 32.6 5.5 20.5 4.1 154
7.30 171 28.9 34.8 8.0 24.0 3.9 11.7
7.45 267 30.8 37.4 11.5 28.7 3.6 9.0
8.00 300 315 37.7 14.7 33.2 4.1 9.2
8.15 365 32.1 33.6 19.4 38.2 4.4 8.7
8.30 452 34.2 39.3 23.6 42.3 a4 7.8
8.45 609 36.4 38.8 34.5 453 4.7 6.2
9.00 629 394 40.3 35.0 a5.9 4.6 6.1
9.15 659 41.8 45.4 34.5 aa.7 4.4 5.7
9.30 634 41.2 45.1 37.0 46.0 4.9 6.0
9.45 683 a2.7 51.2 39.8 ar.7 4.9 5.8
10.00 709 43.5 46.0 41.5 ar.3 4.9 5.6
10.15 747 44.5 46.4 43.9 48.0 4.9 5.4
10.30 770 45.9 49.3 45.6 48.1 4.9 52
10.45 812 43.8 50.9 46.6 48.2 4.8 4.9
11.00 838 46.8 533 a7.5 48.6 a7 4.8
11.15 865 ar.2 48.2 4a8.7 48.1 4.7 4.6
11.30 905 a7.9 49.3 49.0 48.6 a5 4.5
11.45 925 50.7 46.6 50.8 48.3 4.6 4.4
12.00 942 53.4 54.8 51.9 49.5 4.6 4.4
12.15 946 50.2 529 50.3 49.1 a4 4.3
12.30 951 51.8 52.6 52.5 49.3 4.6 4.3
12.45 944 50.7 52.1 51.8 48.9 4.6 4.3
13.00 935 50.9 52.1 51.6 47.8 4.6 4.3
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13.30 916 51.0 51.6 51.8 49.7 a.7 4.5
Time Solar Temperature Temperature  Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking)  power  power (Fixed (Tracking)
(Fixed  (Tracking) tilt)
tilt)

(W/m?) Q) 0 (W) (W) (%) (%)
13.45 878 52.1 49.5 51.6 50.0 4.9 a.7
14.00 861 51.6 49.5 51.2 50.2 5.0 4.9
14.15 844 50.1 50.1 48.9 a8.7 438 438
14.30 803 50.1 52.4 438.2 49.5 5.0 5.1
14.45 789 51.3 52.6 46.1 49.4 4.9 5.2
15.00 755 51.7 51.3 45.4 50.1 5.0 55
15.15 740 50.1 52.0 45.4 49.0 5.1 5.5
15.30 703 46.3 43.4 43.5 44.0 5.2 5.2
15.45 570 436 46.3 41.3 39.1 6.0 5.7
16.00 354 433 a5.7 32.6 34.8 7.7 8.2
16.15 315 33.6 37.8 9.1 9.7 2.4 2.6
16.30 91 33.6 34.7 7.5 7.9 6.9 7.3
16.45 93 314 32.2 4.9 a3 4.4 3.9
17.00 90 31.4 32.1 4.6 4.2 4.3 39
13.45 878 52.1 49.5 51.6 50.0 4.9 a7
14.00 861 51.6 49.5 51.2 50.2 5.0 4.9
14.15 844 50.1 50.1 48.9 a8.7 4.8 4.8
14.30 803 50.1 52.4 48.2 49.5 5.0 5.1
14.45 789 51.3 52.6 46.1 49.4 4.9 52
15.00 755 51.7 51.3 45.4 50.1 5.0 55
15.15 740 50.1 52.0 45.4 49.0 5.1 5.5

110.0 1100
1000 1 1000 N

Net electric power output (

mmmm Net power (Fixed tilt)

mmmm Net power (Tracking)

—e— Solar irradiance

Total solar irradiance (W/m2)
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JUN 9.1 uansmnuduiussenieanuduasaseiaaliil e Jui 30 funau 2566

A15199 0.2 MaslniPndslanasUssansSanvedeatwad o Yuh 1 weeu 2566

Time Solar Temperature  Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) Q) (°C) (W) (W) (%) (%)
7.00 34 25.5 25.6 5.2 126 12.75 30.93
7.15 104 25.5 27.3 6.5 15.7 5.21 12.60
7.30 150 26.1 29.4 9.6 21.1 5.33 11.73
7.45 195 27.3 36.3 133 26.9 5.68 11.50
8.00 295 31.4 31.7 16.6 31.2 4.69 8.82
8.15 396 31.7 32.1 19.4 35.6 4.08 7.50
8.30 422 36.7 42.8 22.8 39.2 4.50 7.74
8.45 488 40.4 437 26.8 42.0 4.58 7.18
9.00 516 42.0 47.3 30.0 44.1 4.84 7.13
9.15 565 43.1 483 33.4 455 4.93 6.71
9.30 593 45.4 50.3 36.7 46.6 5.16 6.55
9.45 653 46.3 51.1 40.0 48.1 5.10 6.14
10.00 638 48.4 51.9 42.2 48.3 5.11 5.85
10.15 709 49.9 51.7 43.9 48.5 5.16 5.70
10.30 754 495 51.4 45.4 495 5.02 5.47
10.45 803 49.3 50.9 46.7 49.5 4.85 5.14
11.00 825 50.3 51.0 48.4 49.9 4.89 5.04
11.15 854 52.5 51.3 48.8 49.5 4.76 4.83
11.30 917 51.0 50.8 50.8 50.3 4.62 4.57
11.45 924 53.6 51.4 50.8 49.9 4.58 4.50
12.00 944 55.3 51.4 52.1 51.0 4.60 4.50
12.15 956 53.3 51.1 52.7 52.0 4.59 4.53
12.30 963 46.7 49.9 51.9 50.4 4.49 4.36
12.45 968 51.3 53.2 52.4 50.5 451 4.35
13.00 955 54.6 55.0 51.4 50.1 4.49 4.37
13.15 943 54.7 58.4 52.5 51.9 4.64 4.59
13.30 934 53.0 52.8 52.0 50.7 4.64 4.53

13.45 907 53.2 53.0 51.9 52.1 a.77 4.79
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 874 53.2 53.0 50.5 52.5 4.82 5.01
14.15 848 50.8 52.3 43.4 46.5 4.26 4.57
14.30 792 ar.3 49.8 48.3 51.4 5.08 5.41
14.45 790 ar.2 48.3 46.2 49.8 4.87 5.26
15.00 515 46.6 48.2 43.4 48.1 7.02 7.79
15.15 700 46.4 48.3 42.5 48.0 5.06 5.72
15.30 670 44.0 45.2 40.3 a7.2 5.01 5.87
15.45 633 43.2 46.9 38.5 46.2 5.07 6.08
16.00 597 42.8 47.2 355 44.1 4.96 6.16
16.15 575 41.2 45.8 32.0 41.7 4.64 6.05
16.30 511 44.0 42.0 27.8 38.4 4.53 6.27
16.45 461 40.7 40.0 239 36.1 4.32 6.53
17.00 378 40.0 35.0 19.8 31.9 4.37 7.04
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Time  Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) 0 (°0) (W) (W) (%) (%)
7.00 19 251 24.8 4.4 11.9 19.30 52.28
7.15 111 26.3 254 7.2 18.9 5.41 14.20
7.30 151 26.1 27.1 8.6 213 4.75 1177
7.45 245 28.0 28.0 11.8 27.0 4.01 9.19
8.00 294 30.0 31.9 15.1 32.2 4.28 9.13
8.15 314 33.4 32.7 20.0 36.5 5.31 9.69
8.30 422 36.6 37.7 25.1 40.1 4.96 7.92
8.45 453 40.4 42.2 27.6 41.9 5.08 7.71
9.00 511 a4.1 43.9 30.6 43.1 4.99 7.03
9.15 538 4a7.8 48.6 34.2 45.5 5.30 7.05
9.30 583 48.7 48.3 37.5 46.5 5.36 6.65
9.45 631 53.8 56.5 39.7 46.6 5.24 6.16
10.00 681 52.8 55.0 42.0 ar.7 5.14 5.84
10.15 713 54.1 55.1 43.4 ar.9 5.07 5.60
10.30 756 52.4 52.5 453 48.4 4.99 5.34
10.45 784 54.8 52.8 47.0 48.8 5.00 5.19
11.00 828 53.6 5251 47.5 50.1 4.78 5.04
11.15 867 54.3 52.8 48.4 50.1 4.65 4.82
11.30 888 52.6 55.4 48.4 49.6 4.54 4.66
11.45 919 53.2 55.7 48.3 49.0 4.38 4.44
12.00 923 527 55.6 50.5 49.3 4.56 4.45
12.15 930 54.0 57.0 51.6 50.4 4.62 4.52
12.30 928 52.0 56.0 49.5 50.6 4.45 4.55
12.45 922 515 55.3 52.8 50.6 a7 4.58
13.00 924 56.7 54.5 52.1 49.8 4.70 4.49
13.15 918 57.6 54.2 51.7 50.6 4.69 4.60
13.30 901 53.7 50.5 51.4 51.5 4.75 4.76
13.45 888 54.3 50.2 51.0 50.1 479 4.70
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 853 53.8 51.2 50.3 50.0 491 4.89
14.15 823 53.5 50.1 48.1 514 4.87 5.21
14.30 791 57.0 58.6 48.6 50.3 5.12 5.30
14.45 770 57.3 56.3 45.6 49.5 4.94 5.36
15.00 738 48.4 46.5 44.5 48.8 5.02 5.51
15.15 717 445 47.0 az.4 47.4 4.93 5.51
15.30 666 44.8 49.3 40.3 46.9 5.04 5.87
15.45 624 43.5, 46.1 38.4 46.5 5.13 6.21
16.00 604 41.5 45.9 36.0 453 4.97 6.25
16.15 582 41.4 46.4 32.6 42.3 4.67 6.06
16.30 512 41.2 47.6 27.8 38.2 4.52 6.22
16.45 464 40.3 4a4.7 22.9 33.5 4.11 6.02
17.00 168 35.2 374 7.9 7.1 3.92 3.53
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 a1 25.4 26.1 5.4 18.02 10.93 36.62
7.15 152 28.1 30.2 8.8 21.42 4.82 11.74
7.30 201 29.7 31.2 115 28.62 477 11.87
7.45 259 31.5 32.9 15.4 34.82 4.95 11.20
8.00 383 33.4 36.1 20.1 40.12 4.37 8.73
8.15 425 35.1 38.8 213 42.02 4.18 8.24
8.30 441 35.8 40.6 22.9 41.32 4.33 7.81
8.45 500 38.2 43.6 27.3 45.22 4.55 7.54
9.00 549 43.1 51.0 31.2 45.02 474 6.83
9.15 526 38.6 40.0 34.2 46.42 5.42 7.35
9.30 532 424 46.6 388 50.42 6.08 7.90
9.45 638 45.9 48.6 43.0 52.92 5.62 6.91
10.00 777 48.6 51.6 42.9 52.22 4.60 5.60
10.15 793 515 56.4 49.2 52.32 517 5.50
10.30 837 50.1 51.6 49.0 52.12 4.88 5.19
10.45 823 52.5 53.9 47.2 50.22 4.78 5.08
11.00 901 55.4 56.4 49.7 52.82 4.60 4.89
11.15 936 56.4 54.7 51.5 54.02 4.59 481
11.30 909 56.6 59.4 50.3 48.42 4.61 4.44
11.45 920 59.7 60.0 48.8 47.82 4.42 4.33
12.00 944 57.6 57.1 51.9 49.32 4.58 4.35
12.15 950 55.9 53.8 52.3 50.92 4.59 a.47
12.30 937 55.8 55.0 50.6 51.42 4.50 4.57
12.45 952 55.3 53.4 52.5 53.52 4.60 4.68
13.00 957 56.1 54.3 51.8 51.22 451 4.46
13.15 935 54.5 52.4 52.3 51.32 4.66 4.57
13.30 920 54.3 533 49.2 49.72 4.46 4.50

13.45 898 55.6 53.4 50.4 51.42 4.68 a.77
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 866 54.3 55.6 50.3 51.92 4.84 5.00
14.15 850 54 55.0 49.4 50.02 4.84 4.90
14.30 807 52.2 52.9 ar.1 51.32 4.86 5.30
14.45 794 49.4 51.5 47.0 51.72 4.93 5.43
15.00 747 50.6 52.6 45.2 51.02 5.04 5.69
15.15 731 514 514 45.4 48.92 5.18 5.58
15.30 686 48.4 50.7 40.6 46.82 4.93 5.69
15.45 648 46.8 51.4 38.4 46.22 4.94 594
16.00 604 45.2 46.8 34.6 43.62 a.77 6.02
16.15 566 42.6 45.6 32.7 42.32 4.81 6.23
16.30 495 41.8 46.3 28.4 38.82 4.78 6.54
16.45 461 40.5 45.4 24.8 36.62 4.48 6.62
17.00 391 38.3 aa.4 19.8 31.82 4.22 6.78
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 24 252 25.7 4.0 10.62 13.89 36.87
7.15 114 27.0 27.1 5.1 16.12 3.73 11.78
7.30 129 27.9 33.9 6.1 15.92 3.94 10.28
7.45 197 29.4 34.8 12.7 35.12 5.37 14.86
8.00 359 32.8 41.3 171 41.52 3.97 9.64
8.15 413 36.4 42.4 171 43.42 3.45 8.76
8.30 443 38.2 43.9 26.5 46.82 4.98 8.81
8.45 539 39.4 47.3 28.6 46.22 4.42 7.15
9.00 567 38.6 46.8 31.9 48.82 4.69 7.18
9.15 602 43.6 49.9 34.1 47.72 4.72 6.61
9.30 646 45.8 53.2 40.7 51.12 5.25 6.59
9.45 674 46.3 52.7 42.6 51.82 5.27 6.41
10.00 702 48.8 523 45.0 53.82 5.34 6.39
10.15 765 49.0 52.6 475 52.92 517 5.76
10.30 810 50.8 54.0 50.0 54.42 5.14 5.60
10.45 860 53.6 55.7 48.7 53.12 4.72 5.15
11.00 897 56.2 55.8 48.6 52.22 4.52 4.85
11.15 891 56.4 57.0 52.0 51.12 4.86 4.78
11.30 937 59.4 58.9 50.6 50.92 4.50 4.53
11.45 854 55.5 55.7 55.1 52.02 5.38 5.08
12.00 884 55.4 53.2 50.0 48.62 471 4.58
12.15 873 57.1 55.4 51.1 48.72 4.88 4.65
12.30 817 55.4 52.9 53.7 51.42 5.48 5.24
12.45 945 55.5 53.1 53.3 51.12 4.70 4.51
13.00 840 57.5 56.7 47.3 47.52 4.69 4.71
13.15 765 58.8 57.5 50.1 49.32 5.46 5.37
13.30 907 57.0 55.9 53.7 52.62 4.93 4.83

13.45 970 58.2 58.2 51.7 48.92 4.44 4.20
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 911 58.6 57.0 50.8 50.02 4.65 4.58
14.15 864 58.9 57.2 51.0 52.12 4.92 5.03
14.30 845 60.8 58.9 48.5 49.12 4.78 4.84
14.45 839 54.2 56.5 4a9.7 53.12 4.94 5.28
15.00 255 54.3 54.3 50.1 54.22 16.37 17.72
15.15 294 ar.9 49.5 48.1 54.32 13.63 15.40
15.30 321 47.8 50.4 44.5 49.12 11.55 12.75
15.45 215 37.6 38.8 11.3 11.92 4.38 4.62
16.00 559 44.2 47.2 37.2 46.12 555 6.88
16.15 577 40.4 43.4 30.3 42.32 4.38 6.11
16.30 541 35.0 37.0 10.7 12.82 1.65 1.97
16.45 137 36.5 40.1 20.2 15.72 12.29 9.56
17.00 116 36.0 39.9 19.8 30.92 14.22 22.21
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 17 23.0 255 4.1 19.02 20.10 93.23
7.15 137 24.8 32.3 5.6 22.12 3.41 13.45
7.30 188 26.5 34.7 8.2 28.42 3.63 12.60
7.45 292 29.1 36.4 10.2 34.92 291 9.97
8.00 320 31.4 38.7 16.4 39.12 4.27 10.19
8.15 389 32.0 37.9 155 38.02 3.32 8.14
8.30 a67 35.3 435 22.3 41.22 3.98 7.36
8.45 428 34.9 40.7 24.4 40.32 4.75 7.85
9.00 469 36.9 41.4 242 36.32 4.30 6.45
9.15 493 39.2 42.6 28.6 39.42 4.83 6.66
9.30 525 42.0 45.0 357 46.22 567 7.34
9.45 656 45.6 48.4 41.3 49.82 5.25 6.33
10.00 717 48.4 515 42.8 50.22 4.97 5.84
10.15 768 a7.1 49.9 41.6 49.32 451 5.35
10.30 740 46.1 47.9 41.3 47.62 4.65 5.36
10.45 831 48.6 51.0 45.9 46.42 4.60 4.65
11.00 817 53.2 54.5 52.1 50.42 5.31 5.14
11.15 952 55.9 57.4 52.8 51.42 4.62 4.50
11.30 972 54.6 55.9 51.4 50.62 4.41 4.34
11.45 963 52.1 49.9 50.6 49.82 4.38 4.31
12.00 933 56.2 55.4 52.3 50.32 4.67 4.49
12.15 926 56.9 55.2 52.7 53.32 4.74 4.80
12.30 991 54.0 54.1 48.6 46.92 4.09 3.95
12.45 735 51.0 50.1 55.3 56.02 6.27 6.35
13.00 673 53.0 54.7 52.8 51.22 6.54 6.34
13.15 940 59.0 59.0 51.7 50.12 4.58 4.44
13.30 944 49.4 47.1 57.3 57.42 5.06 5.07

13.45 913 56.8 55.5 50.7 53.02 4.63 4.84
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10.0 +

100

Time  Solar Temperature Temperature Net Net Efficiency  Efficiency

irradiance  (Fixed tilt) (Tracking) power  power (Fixed (Tracking)

(Fixed  (Tracking) tilt)
tilt)

(W/m?)  (°O) Q) (W) (W) (%) (%)
14.00 864 53.4 51.3 51.1 53.12 4.93 5.12
14.15 893 54.4 53.7 49.0 51.52 4.57 4.81
1430 820 52.9 52.7 49.9 52.92 5.07 5.38
1445 815 54.1 54.2 48.6 53.72 4.97 5.49
15.00 798 51.5 53.7 ar.7 54.22 4.98 5.66
15.15 781 47.8 48.3 46.3 53.82 494 5.74
1530 167 38.7 39.¥ 10.6 10.62 5.29 5.30
1545 606 37.9 39.7 41.1 52.62 5.65 7.24
16.00 438 41.6 44.9 37.6 48.12 7.15 9.16
16.15 309 38.5 40.4 30.6 40.52 8.25 10.93
1630 292 38.1 39.3 26.4 39.52 7.53 11.28
16.45 146 34.9 37.3 18.8 33.42 10.73 19.07
17.00 180 37.0 39.8 22.2 33.42 10.28 15.47
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 33 25.1 252 4.2 14.72 10.61 37.17
7.15 131 26.1 28.5 6.2 22.92 3.94 14.58
7.30 178 28.3 35.6 8.8 27.02 4.12 12.65
7.45 280 31.4 39.3 13.7 33.12 4.08 9.86
8.00 328 33.9 41.6 17.2 37.02 4.37 9.41
8.15 419 34.8 41.8 224 41.82 4.46 8.32
8.30 459 37.9 44.1 24.5 43.32 4.45 7.86
8.45 523 39.6 45.4 28.3 45.42 451 7.24
9.00 549 40.6 47.2 325 48.02 4.93 7.29
9.15 575 41.9 46.9 35.6 49.12 5.16 7.12
9.30 631 43.8 50.9 39.0 49.62 515 6.55
9.45 660 47.6 52.2 41.2 50.92 5.20 6.43
10.00 713 49.9 55.4 42.6 50.02 4.98 5.85
10.15 738 50.9 53.1 44.9 52.22 5.07 5.90
10.30 783 53.5 55.4 44.9 49.42 4.78 5.26
10.45 815 55.2 56.6 46.7 49.62 4.78 5.07
11.00 815 55.6 56.5 46.5 48.62 4.75 4.97
11.15 853 56.1 56.1 4a7.6 49.42 4.65 4.83
11.30 894 56.0 56.1 50.1 48.82 4.67 4.55
11.45 897 55.5 53.8 51.7 50.72 4.80 4.71
12.00 928 54.2 55.5 52.3 50.72 4.70 4.55
12.15 932 54.9 53.5 52.4 51.32 4.69 4.59
12.30 934 53.4 53.5 53.5 52.22 4.77 4.66
12.45 933 54.4 53.1 51.3 52.12 4.58 4.66
13.00 931 50.5 49.3 52.3 53.62 4.68 4.80
13.15 923 47.9 48.6 53.9 52.72 4.87 4.76
13.30 906 49.3 50.3 52.5 53.02 4.83 4.88

13.45 880 522 53.7 52.0 52.52 4.92 4.97
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 856 51.2 52.1 51.4 52.32 5.00 5.09
14.15 811 50.0 52.8 50.9 52.72 5.23 5.42
14.30 786 51.0 52.4 48.4 50.82 5.13 5.39
14.45 754 50.2 52.2 45.9 49.52 5.07 5.47
15.00 732 48.8 51.6 44.8 49.62 5.10 5.65
15.15 696 46.9 52.0 43.0 49.32 5.15 5.91
15.30 669 45.8 48.9 41.0 48.02 5.11 5.98
15.45 614 44.1 a6.7 38.6 46.82 5.24 6.35
16.00 596 43.3 45.4 35.8 44.82 5.01 6.27
16.15 536 41.6 45.9 32.0 42.22 4.98 6.56
16.30 503 40.6 44.8 28.3 39.72 4.69 6.58
16.45 422 38.5 41.9 23.7 34.82 4.68 6.88
17.00 376 37.4 41.0 19.0 30.02 4.21 6.65
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 37 252 27.4 5.2 9.72 11.71 21.89
7.15 118 27.3 31.5 78 15.62 551 11.03
7.30 186 29.5 35.4 109 21.12 4.88 9.46
7.45 265 31.8 38.1 14.6 26.92 4.59 8.47
8.00 333 33.7 38.8 183 32.02 4.58 8.01
8.15 400 36.2 41.3 21.7 35.92 4.52 7.48
8.30 425 37.6 42.2 25.6 38.72 5.02 7.59
8.45 484 38.8 42.9 29.2 42.52 5.03 7.32
9.00 507 40.5 453 31.8 43.32 5.23 7.12
9.15 586 42.2 45.2 36.5 45.92 5.19 6.53
9.30 605 485 51.6 38.7 47.42 5.33 6.53
9.45 632 44.1 46.6 40.3 48.32 531 6.37
10.00 694 46.4 48.1 41.5 48.52 4.98 5.83
10.15 740 48.8 49.9 42.9 48.72 4.83 5.49
10.30 740 50.6 51.1 43.8 48.52 4.93 5.46
10.45 793 50.7 49.7 aa.4 48.82 4.67 5.13
11.00 783 53.7 53.2 453 48.72 4.82 5.19
11.15 825 52.4 50.4 46.4 49.52 4.69 5.00
11.30 857 54.5 52.0 46.4 48.82 451 4.75
11.45 852 55.2 53.4 48.0 49.12 4.69 4.80
12.00 878 57.6 53.5 48.4 48.42 4.59 4.60
12.15 891 58.8 52.9 48.1 47.42 4.50 4.43
12.30 886 57.4 55.7 475 47.62 4.47 4.48
12.45 875 54.9 53.2 50.0 49.42 4.76 4.71
13.00 893 58.6 55.1 49.9 49.42 4.66 4.61
13.15 884 59.8 56.7 49.1 48.32 4.63 4.55
13.30 323 51.9 50.2 26.4 23.52 6.81 6.07

13.45 845 50.7 50.2 215 20.12 2.12 1.98
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 292 50.6 4a9.7 214 20.32 6.11 5.80
14.15 335 48.8 48.5 45.8 45.52 11.39 11.32
14.30 268 49.9 50.8 46.5 48.62 14.46 15.12
14.45 748 45.8 46.5 22.3 22.12 2.48 2.46
15.00 718 49.2 51.5 42.7 46.92 4.96 5.45
15.15 704 46.6 48.2 39.5 44.62 4.68 5.28
15.30 283 45.5 47.6 22.7 26.82 6.68 7.90
15.45 399 42.1 437 34.6 42.32 7.23 8.84
16.00 559 42.9 457 25.8 36.02 3.85 5.37
16.15 334 41.0 42.4 16.2 16.82 4.04 4.20
16.30 355 40.2 41.1 11.7 11.32 2.75 2.66
16.45 165 39.4 42.6 15.3 17.52 7.73 8.85
17.00 297 38.0 40.8 135 16.52 349 4.63
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 38 26.4 30.7 4.8 10.22 10.53 22.41
7.15 115 28.2 35.3 7.0 16.02 5.07 11.61
7.30 158 30.0 39.1 9.7 22.02 5.12 11.61
7.45 244 31.9 40.6 12.8 28.12 4.37 9.60
8.00 285 33.4 43.6 163 33.32 477 9.74
8.15 365 34.8 43.4 19.6 35.62 4.47 8.13
8.30 398 36.5 458 23.4 39.02 4.90 8.17
8.45 465 39.8 47.9 27.3 41.52 4.89 7.44
9.00 497 42.1 495 29.8 42.12 5.00 7.06
9.15 596 42.7 48.6 36.2 45.82 5.06 6.41
9.30 630 44.1 495 37.1 44.82 4.91 5.93
9.45 513 45.6 50.0 43.2 46.82 7.02 761
10.00 398 44.3 47.8 45.1 49.62 9.44 10.39
10.15 783 44.2 46.6 178 19.12 1.89 2.03
10.30 806 49.0 50.0 46.1 48.22 477 4.99
10.45 251 445 43.4 31.1 34.02 10.33 11.29
11.00 814 50.9 50.4 51.5 50.52 5.27 5.17
11.15 855 53.9 55.4 51.1 50.42 4.98 4.91
11.30 755 45.4 45.0 55.4 53.72 6.11 5.93
11.45 776 54.8 52.6 54.2 52.82 5.82 5.67
12.00 815 515 51.5 56.1 54.62 5.74 5.58
12.15 876 46.4 44.0 55.5 50.32 5.28 4.79
12.30 798 51.0 50.4 54.3 51.92 5.67 5.42
12.45 952 48.3 51.3 53.0 51.32 4.64 4.49
13.00 779 45.8 44.8 54.9 54.32 5.87 5.81
13.15 847 50.1 48.1 53.1 53.02 5.22 5.22
13.30 897 51.0 54.2 49.6 49.32 4.61 4.58

13.45 907 55.1 53.6 49.2 49.12 4.52 4.51
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 850 53.0 515 49.0 50.22 4.80 4.92
14.15 792 50.3 49.7 39.8 46.32 4.19 4.87
14.30 751 47.9 50.7 45.3 48.02 5.03 5.33
14.45 746 49.5 54.4 43.0 47.02 4.80 5.25
15.00 693 45.8 52.3 41.8 46.72 5.03 5.62
15.15 684 474 50.9 39.5 45.52 4.81 5.55
15.30 622 49.6 46.8 37.4 45.12 5.01 6.04
15.45 596 az2.7 49.1 34.0 41.12 4.75 5.75
16.00 539 40.4 48.2 29.5 39.22 4.56 6.06
16.15 488 40.5 46.7 26.6 37.92 4.54 6.48
16.30 435 39.3 40.5 22.4 34.52 4.29 6.61
16.45 386 37.3 43.7 18.4 30.12 397 6.50
17.00 350 36.0 42.9 15.0 26.02 36V 6.19
110.0 + 1100
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 35 25.8 30.7 4.9 13.12 11.67 31.24
7.15 133 27.7 35.3 73 19.82 4.57 12.42
7.30 176 30.0 39.1 9.8 24.82 4.64 11.75
7.45 269 31.7 40.6 13.1 31.12 4.06 9.64
8.00 310 34.5 43.6 16.8 35.72 4.52 9.60
8.15 385 375 43.4 20.4 38.52 4.42 8.34
8.30 419 39.6 458 23.8 41.22 4.73 8.20
8.45 482 40.4 47.9 27.8 42.82 4.81 7.40
9.00 509 41.8 495 31.2 43.82 5.11 7.17
9.15 564 42.6 48.6 34.9 44.82 5.16 6.62
9.30 600 45.8 495 36.0 44.92 5.00 6.24
9.45 607 47.5 50.0 40.0 47.22 5.49 6.48
10.00 641 48.4 47.8 41.1 46.52 5.34 6.05
10.15 696 48.7 46.6 42.4 46.32 5.08 5.55
10.30 740 49.3 50.0 45.0 48.52 5.07 5.46
10.45 798 48.2 43.4 46.9 49.32 4.90 5.15
11.00 834 50.2 50.4 48.6 50.02 4.86 5.00
11.15 852 54.5 55.4 49.2 49.42 4.81 4.83
11.30 880 56.7 45.0 50.3 49.42 4.76 4.68
11.45 893 55.0 52.6 51.0 49.92 4.76 4.66
12.00 894 56.0 51.5 50.8 50.12 474 4.67
12.15 901 55.0 44.0 50.7 49.12 4.69 4.54
12.30 918 56.9 50.4 50.0 49.52 4.54 4.50
12.45 912 55.8 51.3 50.1 49.12 4.58 4.49
13.00 887 56.5 44.8 49.9 49.02 4.69 4.61
13.15 884 55.9 48.1 49.2 49.72 4.64 4.69
13.30 852 56.8 54.2 47.7 48.92 4.67 4.78

13.45 827 54.0 53.6 471.3 49.52 a7 4.99
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) (°0) (°Q) (W) (W) (%) (%)
14.00 820 54.6 51.5 46.5 50.12 4.73 5.09
14.15 800 49.1 a9.7 45.5 47.82 4.74 498
14.30 739 47.8 50.7 43.6 46.92 4.92 5.29
14.45 711 46.9 54.4 43.0 47.02 5.04 551
15.00 676 48.2 52.3 a1.4 a47.22 5.10 5.82
15.15 661 46.5 50.9 39.4 46.72 4.97 5.89
15.30 618 46.5 46.8 36.0 44.02 4.85 5.94
15.45 579 44.8 49.1 33.9 43.32 4.88 6.23
16.00 535 43.2 48.2 31.7 42.32 4.94 6.59
16.15 519 36.9 a6.7 10.0 12.92 1.61 2.07
16.30 a1 32.3 40.5 3.2 1.52 6.50 3.09
16.45 24 30.9 437 2.3 0 7.99 0.00
17.00 14 31.5 42.9 2.1 0 12.50 0.00
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 aa 26.7 32.4 43 19.32 8.14 36.59
7.15 164 28.5 42.9 8.2 25.02 4.17 12.71
7.30 210 30.3 41.0 109 28.72 4.33 11.40
7.45 305 33.4 44.0 14.9 33.02 4.07 9.02
8.00 342 34.2 45.1 13.4 28.22 3.27 6.88
8.15 422 35.2 44.6 151 35.52 2.98 7.01
8.30 342 34.8 39.9 16.6 30.22 4.04 7.36
8.45 525 38.0 43.6 27.6 44.72 4.38 7.10
9.00 463 41.4 49.0 326 50.02 5.87 9.00
9.15 613 453 51.4 37.0 50.52 5.03 6.87
9.30 653 43.7 48.4 40.7 51.32 5.19 6.55
9.45 728 48.1 52.2 42.1 51.12 4.82 5.85
10.00 384 49.2 52.1 43.4 49.52 9.42 10.75
10.15 754 48.8 48.8 46.6 51.42 5.15 5.68
10.30 808 51.4 52.8 46.3 49.72 4.78 5.13
10.45 821 51.1 52.8 47.4 50.02 4.81 5.08
11.00 833 56.8 55.8 50.1 49.92 501 4.99
11.15 860 53.8 52.1 51.2 50.22 4.96 4.87
11.30 884 56.6 54.0 52.2 51.42 4.92 4.85
11.45 908 58.4 54.1 51.5 50.32 4.73 4.62
12.00 914 56.7 53.4 51.6 50.92 4.70 4.64
12.15 917 56.4 53.3 52.4 51.02 4.76 4.64
12.30 920 57.7 54.0 51.8 50.92 4.69 461
12.45 921 57.9 53.4 52.3 50.82 4.73 4.60
13.00 909 58.4 52.8 52.4 51.02 4.80 4.68
13.15 897 59.0 53.5 51.5 50.32 4.78 4.67
13.30 887 58.0 53.4 51.8 51.32 4.87 4.82

13.45 873 58.1 53.4 50.8 51.02 4.85 4.87
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) (°0) (°Q) (W) (W) (%) (%)
14.00 844 54.8 52.8 49.4 50.72 4.88 5.01
14.15 824 51.7 51.9 46.5 49.82 4.70 5.04
14.30 773 51.6 52.4 46.4 51.12 5.00 551
14.45 755 50.5 51.8 44.8 50.42 4.94 5.56
15.00 127 50.2 53.4 43 .4 49.82 497 5.71
15.15 706 50.1 52.1 41.9 49.12 4.95 5.80
15.30 656 48.3 51.6 39.3 48.62 4.99 6.18
15.45 634 46.8 51.4 37.0 47.82 4.86 6.29
16.00 596 52.1 521 34.2 47.02 4.78 6.57
16.15 565 43.2 49.2 30.7 45.12 4.53 6.65
16.30 518 29.8 438.3 27.2 44.32 4.38 7.13
16.45 465 29.9 a7.1 20.0 38.82 3.58 6.96
17.00 185 38.0 a43.7 19.3 38.92 8.69 17.53
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 aa 27.0 29.3 45 7.22 8.52 13.67
7.15 79 27.9 31.5 7.0 19.12 7.38 20.17
7.30 82 28.1 31.2 5.8 7.92 5.89 8.05
7.45 178 30.7 38.5 15.0 37.22 7.02 17.42
8.00 293 35.1 47.0 21.0 47.42 5.97 13.49
8.15 387 32.6 38.6 6.4 10.72 1.38 231
8.30 322 33.1 383 152 23.02 3.93 5.96
8.45 295 35.7 39.4 16.6 21.72 4.69 6.14
9.00 405 41.2 453 30.3 43.02 6.23 8.85
9.15 740 40.2 46.2 24.1 33.62 2.71 3.79
9.30 445 456 51.4 47.7 56.12 8.93 10.51
9.45 670 47.2 51.2 41.6 47.72 517 5.94
10.00 639 46.3 49.6 44.6 49.02 5.82 6.39
10.15 700 46.1 49.7 41.6 43.12 4.95 5.13
10.30 640 47.6 48.7 48.1 49.62 6.26 6.46
10.45 881 49.4 50.9 50.9 53.92 4.81 5.10
11.00 851 47.4 a7.7 46.6 46.82 4.56 4.58
11.15 733 48.4 48.0 46.7 47.02 531 5.35
11.30 824 52.7 50.3 51.2 50.22 5.18 5.08
11.45 860 53.2 51.1 53.1 52.02 5.15 5.04
12.00 897 50.0 49.7 53.7 52.72 4.99 4.90
12.15 959 55.3 54.0 54.6 53.52 4.74 4.65
12.30 991 53.0 49.6 56.5 55.32 4.75 4.65
12.45 966 51.0 47.6 56.3 54.82 4.86 4.73
13.00 953 52.7 49.4 55.3 54.52 4.84 4.77
13.15 934 52.3 49.1 54.8 54.62 4.89 4.87
13.30 927 50.2 49.0 52.6 54.72 4.73 4.92

13.45 908 55.7 535 51.4 53.22 4.72 4.88
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 871 53.3 50.2 51.3 53.42 491 511
14.15 850 51.5 52.3 51.2 52.62 5.02 5.16
14.30 824 51.1 52.3 50.7 54.72 5.13 553
14.45 815 50.6 51.6 as8.7 55.42 4.98 5.67
15.00 765 48.0 51.5 46.3 54.62 5.04 5.95
15.15 740 aa.7 45.9 45.5 54.52 5.12 6.14
15.30 700 46.3 52.1 42.0 50.92 5.00 6.06
15.45 675 44.9 51.1 39.8 52.62 491 6.50
16.00 633 43.8 48.5 33.7 46.82 4.44q 6.16
16.15 545 42.0 49.0 33.1 49.12 5.06 7.51
16.30 549 40.8 49.5 28.7 47.52 4.36 7.21
16.45 512 38.8 47.5 24.0 45.52 391 7.41
17.00 433 36.4 455 20.0 42.82 3.85 8.24
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 aa 28.3 30.6 5.6 9.72 10.61 18.41
7.15 118 30.4 33.0 78 12.22 551 8.63
7.30 172 33.0 38.1 11.2 20.92 5.43 10.14
7.45 149 35.6 37.6 13.0 15.72 7.27 8.79
8.00 318 36.1 38.8 20.5 31.92 5.37 8.36
8.15 384 36.7 40.6 21.8 26.72 4.73 5.80
8.30 423 37.2 42.0 25.4 37.02 5.00 7.29
8.45 407 37.4 42.0 25.0 34.62 512 7.09
9.00 413 37.1 41.7 274 37.02 5.53 7.47
9.15 378 38.1 41.9 26.8 24.22 591 5.34
9.30 456 40.0 44.0 326 39.32 5.96 7.19
9.45 591 42.7 46.9 38.7 42.62 5.46 6.01
10.00 573 46.3 49.0 41.8 44.52 6.08 6.47
10.15 595 44.2 46.5 44.7 47.92 6.26 6.71
10.30 760 47.0 48.7 44.5 45.82 4.88 5.02
10.45 785 48.0 49.0 43.0 44.82 4.56 4.76
11.00 747 46.9 48.1 47.2 49.12 5.27 5.48
11.15 815 48.6 49.2 50.3 49.62 5.14 5.07
11.30 904 53.5 52.5 50.6 49.52 4.66 4.56
11.45 871 51.2 51.9 50.0 47.82 4.78 4.58
12.00 814 50.0 49.1 46.3 44.92 474 4.60
12.15 747 50.5 47.9 48.8 46.82 5.44 5.22
12.30 708 48.3 46.7 48.4 46.52 5.70 5.48
12.45 723 50.2 47.6 50.3 48.42 5.80 5.58
13.00 849 51.9 47.5 53.0 52.02 5.20 5.11
13.15 886 49.6 46.0 53.3 53.42 501 5.02
13.30 837 49.5 47.4 44.8 48.32 4.46 4.81

13.45 860 49.4 46.1 50.0 51.62 4.84 5.00
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 807 49.5 50.2 48.0 49.52 4.96 511
14.15 772 46.5 46.2 46.6 49.12 5.03 5.30
14.30 680 45.2 44.1 472 50.62 5.78 6.20
14.45 729 45.0 44.5 46.0 50.62 5.26 5.79
15.00 701 46.9 47.8 44.8 49.72 5.33 5.91
15.15 713 455 45.5 41.4 48.32 4.84 5.65
15.30 636 457 48.0 41.1 49.22 5.39 6.45
15.45 663 42.0 48.2 38.5 49.52 4.84 6.22
16.00 650 44.5 47.2 35.4 46.92 4.54 6.02
16.15 579 40.4 45.2 29.0 42.82 4.17 6.16
16.30 305 355 38.5 12.3 15.82 3.36 4.32
16.45 181 36.3 36.3 10.1 12.22 4.65 5.63
17.00 150 32.6 33.1 8.1 9.02 4.50 5.01
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 52 27.0 27.3 4.7 5.02 7.53 8.04
7.15 58 28.9 30.6 5.1 5.72 7.33 8.22
7.30 92 28.9 30.1 6.4 7.02 5.80 6.36
7.45 277 33.1 37.2 13.2 13.72 3.97 4.13
8.00 339 35.5 40.7 13.1 16.62 3.22 4.09
8.15 215 37.0 42.4 24.0 23.42 9.30 9.08
8.30 171 37.9 46.1 2% 42.72 13.21 20.82
8.45 249 38.6 45.1 29.2 46.82 9.77 15.67
9.00 558 40.4 45.2 189 20.62 2.82 3.08
9.15 626 39.1 43.0 23.8 41.82 3.17 5.57
9.30 430 42.9 46.0 226 36.02 4.38 6.98
9.45 694 44.2 47.5 44.3 51.62 5.32 6.20
10.00 750 43.7 46.4 46.6 55.82 5.18 6.20
10.15 662 45.2 47.9 47.1 50.82 5.93 6.40
10.30 777 48.0 50.1 47.6 51.22 5.11 5.49
10.45 830 47.6 49.3 49.7 51.72 4.99 5.19
11.00 845 52.6 51.6 50.8 50.22 501 4.95
11.15 874 50.9 52.0 51.0 50.92 4.86 4.85
11.30 897 52.0 52.0 51.9 50.02 4.82 4.65
11.45 909 53.4 52.5 52.7 51.02 4.83 4.68
12.00 932 51.1 48.1 53.0 50.92 474 4.55
12.15 921 53.9 51.6 52.7 49.62 4.77 4.49
12.30 923 53.1 49.0 53.1 51.72 4.79 4.67
12.45 918 51.0 51.0 54.1 53.22 4.91 4.83
13.00 926 52.0 51.4 53.0 52.72 4.77 4.74
13.15 917 535 49.7 50.0 51.92 4.54 4.72
13.30 882 52.4 48.3 53.1 53.52 5.02 5.06

13.45 860 48.1 a7.6 51.1 50.82 4.95 4.92
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 818 523 50.5 48.1 49.92 4.90 5.09
14.15 804 48.6 478 31.1 50.92 3.22 5.28
14.30 680 50.5 48.7 46.2 49.72 5.66 6.09
14.45 757 50.2 525 a2.7 47.32 4.70 5.21
15.00 676 a7.6 46.8 41.6 47.02 5.13 5.80
15.15 646 453 4a7.1 39.8 46.62 5.13 6.01
15.30 619 46.2 473 38.4 46.62 5.17 6.28
15.45 618 a3.7 ar.4 36.6 46.32 4.94 6.25
16.00 579 42.8 47.0 33.1 44.22 4.76 6.36
16.15 535 41.6 46.6 29.8 42.72 4.64 6.65
16.30 350 40.7 44.4 23.7 35.92 5.64 8.55
16.45 392 38.6 43.2 12.7 17.82 2.70 3.79
17.00 432 38.0 435 17.3 32.72 3.34 6.31
1100 1 T 1100
100.0 1 + 1000
2 900 1 +900 ©
5 800t 180 T
3 7004 1700 g
g 600 t o0 &
= 5
8 500 T +500 £
£ 400 1 1 200 &
O o
2 300t r300 2
T 2001 200 S
10.0 + I' I i L 100
i
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P O QQ QQ D O D P
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mmmm Net power (Fixed tilt)

Time
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0° S P n§’ 0° f‘s° QQ 'b° Q°

mmm Net power (Tracking)
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Time Solar Temperature Temperature Net Net Efficiency Efficiency
iradiance  (Fixed tilt) (Tracking) power power (Fixed (Tracking)
(Fixed  (Tracking) tilt)

tilt)
(W/m?) o) (°C) (W) (W) (%) (%)
7.00 79 27.80 32.80 6.20 15.02 6.54 15.84
7.15 164 29.90 35.90 8.40 22.02 4.27 11.19
7.30 201 32.30 39.80 11.80 28.82 4.89 11.95
7.45 295 34.20 42.60 15.00 33.42 4.24 9.44
8.00 352 35.40 43.30 18.40 37.22 4.36 8.81
8.15 413 38.70 46.90 21.40 39.62 4.32 7.99
8.30 440 40.60 47.20 25.40 41.62 4.81 7.88
8.45 499 42.90 49.90 28.90 43.12 4.83 7.20
9.00 539 44.60 49.70 31.90 44.32 4.93 6.85
9.15 576 42.70 48.30 35.50 45.82 5.14 6.63
9.30 599 45.20 48.70 37.50 46.42 5.22 6.46
9.45 646 46.30 49.40 39.20 46.22 5.06 5.96
10.00 668 47.10 49.60 40.90 46.02 5.10 5.74
10.15 735 47.60 49.60 43.60 47.12 4.94 5.34
10.30 743 49.00 50.10 45.70 48.72 5.13 5.46
10.45 798 50.40 50.50 46.50 48.82 4.86 5.10
11.00 820 53.80 53.00 47.90 48.22 4.87 4.90
11.15 833 52.70 51.60 48.60 48.62 4.86 4.86
11.30 826 52.30 49.40 50.40 49.62 5.08 501
11.45 850 54.30 53.50 51.20 49.02 5.02 4.81
12.00 870 53.10 50.50 50.00 48.82 4.79 4.68
12.15 846 53.20 51.20 49.60 48.62 4.89 4.79
12.30 849 55.70 53.00 50.80 48.72 4.99 4.78
12.45 875 55.60 51.70 51.10 49.32 4.87 4.70
7.00 79 27.80 32.80 6.20 15.02 6.54 15.84
7.15 164 29.90 35.90 8.40 22.02 4.27 11.19
7.30 201 32.30 39.80 11.80 28.82 4.89 11.95

7.45 295 34.20 42.60 15.00 33.42 4.24 9.44
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Time Solar Temperature Temperature Net Net Efficiency  Efficiency
iradiance  (Fixed tilt) (Tracking) power  power (Fixed  (Tracking)
(Fixed  (Tracking) tilt)
tilt)
(W/m?) Q) (°Q) (W) (W) (%) (%)
14.00 791 53.60 50.10 47.40 49.02 4.99 5.16
14.15 777 51.20 50.30 47.50 52.22 5.09 5.60
14.30 783 52.00 53.80 45.30 48.92 4.82 5.21
14.45 743 50.50 50.00 45.60 47.22 5.11 5.30
15.00 744 41.10 40.70 13.90 12.72 1.56 1.42
15.15 206 36.70 35.30 9.70 7.82 3.92 3.16
15.30 112 34.80 33.90 7.60 6.32 5.65 4.70
15.45 91 33.90 33.60 6.80 5.42 6.23 4.96
16.00 74 33.90 33.40 5.80 4.62 6.53 5.20
16.15 64 32.80 32.70 4.40 2.82 5.73 3.67
16.30 37 32.70 32.40 3.70 1.82 8.33 4.10
16.45 30 31.90 32.70 2.80 1.02 7.78 2.83
17.00 12 30.80 31.30 0.00 2.52 0.00 17.49
110.00 T 1100
~ 100.00 1 1000 —
; (3N}
S 90.00 1900 E
2 8000 +800 2
3 70.00 170 8
g 6000 1600 8
o
8 50.00 1 500 g
2 40.00 1400 3
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Total solar irradiance (W/m2)
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ASAUIUUSEENS NINVDITEUUNANN T WE NN UREID1TINg

o A A Eoutput Poutput, net |DPV B |Dmotor
gnsnisAualszancnw Eff = = = x 100%
E |b x A |b x A

input
Wi Eff A ANUSLENSANUDISEUUWAaLAIDNNNEWUURARINUT (efficient) (%)

o '
1 (% v I

E AD ATNRIUTINTINUA NIALLNGDVDITEUU (W)

output

A9 ATNAIUTINNIMLA NHARlAVDITEUU (W)

(%
[ Y

> 9 MAYIALNADVINUAVDITZUU (W)

S
output, net f

Peotar cell AB NAMUNUKAGAS WA NEHEALA (W)

o o a

P A9 MauawasuInsaly (lau1annisinAinasauluiivesuawmes)

motor
l, Ao Sadnseinszyihiuiuiawaduasendiag (W / m?)

ASANUIAUTLANT AN 115V VBITTUUAALAID IR LUURAAINUNS 1T
P

E P
output output, net solar cell
Eff = = = x 100%
Einput |b X A |b X A

P
Eff y solar cell % 100%
ly

523w
Eff = X 100%
(998(W/m? ) x (1.2 x 1(m?)

Eff = 4.70 % o4 Jufi 6 lwwneu 2566 11a1 12.004.
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E P P H R
output output, net solar cell motor
Eff = = = x 100%
Einput |b X A Ib x A

Eff _ Psolar cell ~ Pmotor % 100%

I

50.9W - 0.1812W
Eff = X 100%
(998(W/m? ) x (1.2 x 1(m?)

Eff = 4.55 %
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WAIRNARIANNNTAIUILAANNALNTT

|
PB =~
R

o PB #ie SregaAuNU (payback period) (U)
| A® Ruawmu (investment) (Un)

R Ao wanauuwnudnanaliinlu 1 U (net benefit per period) (U/3)

[ '
v v A

Ruamululasans waduasenduuuRnAsiuf 5600 U
ALlASIAT1 1000 UMW
ALKATAT ARG 3000 UM
AgUnsallundasmIuAN 1600 UM
Ruaamululasansssuuwaaae 1 in gL uuAnnIun9e1ing 8600V
AILATIATIN 12000
AKATAGREIDINING 3000 UM
AgUnsallundesmIuAu 1600 UM
YATTUUAARIY 2800 UM
Amnaeaniidslnilaoieds Andu watt*hour vaslassnsluamaduasorinduuy
Ansiariudi

38.33 W x 10 %1139

x5 UMW = 1.92 v/3u
1000

1.92 x 360 = 691.2 UM/
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A lnanmdlnilnands Andu watt*hour U94lATINISWAALANDIARGLUURAAIL
A9DNRE

4581 W x 10 Flalg

x 5 Um=2.29 /iU
1000

2.29 x 360= 824.4 y/Y
AnalAsNswaduaeinduuuRnAseL i
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|
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5600 un
R
691.2 UINA
PB=8.1 U
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