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Optimal Design of Coverglass Pattern in Building-Integrated Photovoltaic for

Improved Yearly Electrical Energy
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Abstract: A coverglass pattern was designed to improve the annual electrical energy production of a building-integrated

photovoltaic (BIPV) module installed in the exterior walls of buildings. The transmittance pattern was calculated using

ray tracing, and the results were derived by optimizing the simulation using Taguchi’s method. We obtained the optimal

pattern by analyzing the conventional patterns for improving the transmittance and derived design factors by quantifying

the pattern. By calculating the influence of electrical energy on each design factor, we obtained the optimal coverglass

pattern that produced the maximum annual electrical energy. The annual electrical energy production improved by

approximately 11.79% compared to the non-patterned coverglass.
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Fig. 2. Schematic diagrams of the patterned BIPV module.
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Table 1. Levels of each control factor in first simulation.

. Levels

Factor Description ] 2 3 2
A Angle a 15° 25° 35° 45°
B Angle b 45° 60° 75° 90”
C Width w 200 pm 400 pm 800 pm 1,000 um

Table 2. Taguchi’s SNRs in first simulation.

No. A B C SNR (dB)
1 1 1 1 39.40
2 1 2 2 39.66
3 1 3 3 40.08
4 1 4 4 40.23
5 2 1 2 38.27
6 2 2 1 38.46
7 2 3 4 39.90
8 2 4 3 40.71
9 3 1 3 36.37
10 3 2 4 37.50
11 3 3 1 39.82
12 3 4 2 40.63
13 4 1 4 34.36
14 4 2 3 36.66
15 4 3 2 39.57
16 4 4 1 40.96
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Fig. 3. Average SNR according to the levels of each factor in

first simulation.
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Table 3. Levels of each control factor in second simulation.

Levels
F D ipti

actor escription 1 ) 3
A Angle a 43° 45 47°
C Width w 190 um 200 um 210 um

Table 4. Taguchi’s SNRs in second simulation.

No. A C SNR (dB)
1 1 1 40.88
2 1 2 40.88
3 1 3 40.87
4 2 1 41.01
5 2 2 40.96
6 2 3 40.96
7 3 1 40.98
8 3 2 40.90
9 3 3 40.97
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Fig. 4. Average SNR according to the levels of each factor in

second simulation.
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Fig. 5. Electrical energy according to month.
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Fig. 6. Electrical energy according to month and time of day
(a) without pattern and (b) with optimized pattern.
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