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ABSTRACT

Recently, rooftop and wall-on PV systems
installed in the urban area have increased rapidly
and these systems are often affected by shadow. It is
important to consider the effect of shadowing by
surroundings to estimate the energy output of such
systems. However, it is difficult to survey obstacles
precisely without expert knowledge and its costs are
high. In this research, the authors proposed an easy
photo survey method by using fisheye
(hemispherical) photographs to capture the whole
surroundings. Based on the results of the survey,
the effect of shadowing and energy output of the
systems can be estimated.

For a case study of this method, the authors
estimated the shading factor and energy output of
systems installed soon on Whanchai Tower in Hong
Kong.

In conclusion, the results showed good possibility
that this method can be applied for performance
analysis of shading PV systems.
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Fig. 1. Conceptual diagram of shading estimation
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Fig. 2. Overview of Whanchai Tower
and array positions
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Fig. 3. Map around Whaichai Tower
and camera positions
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Fig. 4. Two pairs of fisheye photographs
for surveying
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Fig. 5. Estimated obstacle positions and height
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Fig. 6. Shadows on the ground on Dec. 21
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Fig. 7. Shadows and R s of the each array on Dec. 21
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Table. 1. Sun azimuth in Hong Kong

Time [May.15| Jun.l | Jun.15| Jul.l | Jul.15]| Aug.l

9 -95.93 |1-100.14]-101.84]-101.60] -99.52 | -94.96

10 | -91.20 | -96.81 | -99.06 | -98.74 | -95.97 | -89.92

11 | -8450] -93.56| -97.22 | -96.69 | -92.19 | -82.46

12 | 6311 | -89.34|-100.71| -99.06 | -85.10 | -5857

13 6742 | 89.89 | 99.55 | 98.18 | 86.16 | 62.29

14 8529 | 93.84 | 97.31 | 96.80 | 92.50 | 83.17

| 15 | 9167 [ 97.00 | 99.26 | 98.94 | 96.24 | 90.31 |

16 96.32 | 100.44 | 102.09 | 101.84| 99.79 | 95.28
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Table. 2. Output energy of PV systems in 1999
Final PV system yield[hour]
(a) (15[deq]) 983.03
(b) 529.10
(C) 599.80
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Fig. 11. Final PV system yield per month in 1999
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Fig. 12. Estimated solar irradiation
on the 15 and 90 [deg] array in 1999
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