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29 3 4 23 218.9 179.4 1.220 3196.0 | 5541.0 0.577
30 3 4 24 343.8 307.1 1.119 5741.7 | 6384.8 0.899
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32 3 4 30 346.5 266.3 1.301 4975.1 | 5701.5 0.873
33 3 5 1 261.6 225.5 1.160 4117.2 | 6465.4 0.637
34 3 5 2 311.8 272.8 1.143 5070.3 | 6370.7 0.796
35 3 5 3 144.8 152.7 0.948 2561.1 | 5839.4 0.439
36 5 5 4 162.3 153.4 1.058 2691.6 | 5367.6 0.501
37 5 5 5 109.5 111.2 0.985 1785.0 | 4437.6 0.402
38 5 5 6 378.1 293.7 1.287 5550.2 | 62225 0.892
39 5 5 7 389.1 291.6 1.334 5531.3 | 6300.0 0.878
40 5 5 8 211.3 165.9 1.274 2851.3 | 4697.5 0.607
41 5 5 9 318.7 263.6 1.209 4951.6 | 6338.2 0.781
42 5 5 10 385.0 289.4 1.330 5526.0 | 6392.0 0.865
43 5 5 11 382.2 293.2 1.304 5620.2 | 6353.2 0.885
44 5 5 12 434.0 3153 1.377 6036.0 | 6401.6 0.943
45 5 5 13 402.0 299.1 1.344 5719.3 | 6341.0 0.902
46 5 5 14 373.0 278.5 1.339 5274.8 | 6173.6 0.854
47 5 5 15 415.2 305.3 1.360 5881.2 | 6360.1 0.925
48 5 5 16 433.2 313.5 1.382 6030.1 | 6388.3 0.944
49 5 5 17 375.8 288.4 1.303 5463.0 | 6336.4 0.862
50 7 5 18 291.7 252.0 1.158 4761.8 | 6288.5 0.757
51 7 5 19 382.3 291.9 1.310 5602.4 | 6288.1 0.891
52 7 5 20 315.2 250.1 1.260 4689.2 | 6281.2 0.747
53 7 5 21 336.7 247.1 1.363 4627.7 | 6286.5 0.736
54 7 5 22 277.1 220.6 1.256 4075.9 | 6317.6 0.645
55 7 5 23 392.0 294.3 1.332 5594.0 | 6278.2 0.891
56 7 5 24 402.0 312.1 1.288 5982.6 | 6344.4 0.943
57 7 5 25 396.8 293.0 1.354 5625.8 | 6339.0 0.888
58 7 5 26 414.8 301.4 1.377 5837.9 | 6264.0 0.932
59 7 5 27 384.6 298.3 1.289 5702.7 | 6330.4 0.901
60 7 5 28 3254 250.0 1.302 4735.1 | 5433.1 0.872
61 7 5 29 101.5 68.7 1.477 1029.2 | 1598.9 0.644
62 7 5 30 98.3 97.6 1.008 1526.7 | 3183.1 0.480
63 7 5 31 352 38.7 0.909 534.5 1739.3 0.307
64 7 6 1 159.6 153.1 1.042 2675.0 | 5590.0 0.479
65 7 6 2 345.5 269.3 1.283 5085.7 | 6276.3 0.810
66 7 6 3 188.3 1333 1.412 2488.9 | 2972.7 0.837
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Simulation and Measurement of the Performance of
A Single-Axis Tracking Photovoltaic System

Ming-Huey A. Huang'~  Rui-Bin Jian®

ABSTRACT

Solar power is an essential source of renewable energy. Fixed-tilt photovoltaic systems are affected
by the cosine effect and consequently, their power varies with the angle of the sun. This problem can be
addressed with tracking-type systems at the cost of additional energy consumption, increased mechanical
complexity, and reduced weather resistance. To maximize the electricity production of photovoltaic
systems, this study conducted simulation and actual experiments for comparing fixed-tilt and single-
axis solar tracking systems. In the simulation, the SG2 algorithm was used to calculate the sun position,
followed by determining the air mass, solar irradiance, and solar panel output power. The simulation model
was then used to compute the optimal elevation angle for maximizing the annual production of solar panels.
The research site was located in Miaoli City, Taiwan (latitude of 24.54°), where the optimal elevation angel
ranged between 13.0° and 29.4°. Regarding the actual experiment, a fixed-tilt system and a single-axis solar
tracking system were built, each of which were controlled with an Arduino module for data collection and
transmission to a network database. The result analysis first compared the daily power output of the two
systems under the same elevation angle and weather condition (sunny) to calibrate the system efficiency.
Next, the measured irradiance was compared with the simulated value to ensure that the error between them
was approximately +5%. The goal of the experiment was to measure the net electricity production under
different rotation times (3, 5, and 7) and compute the ratio between the measured and simulated production.
The results revealed that this ratio approximated the ideal maximum value as the number of rotations in a
sunny day increased. Accordingly, a simple condition for controlling the tracking system based on cloud
cover was proposed. In practice, the mean gain and cost—performance ratio generated from five rotations
peak stably under different levels of cloud cover.

Keywords: Photovoltaic system power production, Solar irradiance models, Solar panels elevation angle,
System optimization, Tracking solar energy.
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