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calculated an hourly beam shading factor by interpolation.
For the diffuse irradiation component, PVsyst computed a
constant shading factor. From these component shading
factors, the irradiance loss is determined by multiplying
each component of irradiance by the corresponding
component shading factor. The irradiance loss caused by
shading is then compared to irradiance on the unshaded
plane to arrive at an overall hourly shading factor.

This method provides an accurate estimate for the modeled
building geometry and shading obstacles. To apply these
shading losses to the entire network, it must be assumed that
the building geometry and shading obstacles are similar
throughout the network. Because building and foliage
heights and densities are fairly uniform, these models give a
reasonable estimate. Variations in building geometry,
however, can considerably affect shading losses, and
modeling a larger area would improve the shading analysis.

3. DATA ANALYSIS

3.1  Effect of Shading

PV arrays in both networks experienced significant shading
from surrounding buildings and trees. Shading losses were
highest at the beginning and end of the day, when the sun
was low in the sky. In network A, hourly module shading
losses varied from 6% (noon on the summer solstice) to
95% near the end of a fall day when the sun was lower and
nearby obstructions largely blocked solar access. Overall
daily module losses varied from 14.4% on the summer
solstice to 36.5% on the winter solstice. Fig. 6 shows
hourly module losses for the summer and winter solstices.
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Fig. 6: Shading Losses in Network A on the Summer and
Winter Solstice
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In network B, where building heights are lower and more
uniform, the majority of shading was caused by foliage.
Shading losses were lower than in the high-rise network A,
with hourly module shading losses between 4 to 54%.
Overall daily module losses varied from 4.8 to 9.0%. Fig. 7
shows hourly module losses for the summer and winter
solstices.
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Fig. 7: Shading Losses in Network B on the Summer and
Winter Solstice

In this study, shading from rooftop obstructions was
accounted for separately in the analysis of suitable space.
Assuming shading due to rooftop obstructions is responsible
for about a third of the suitable space reduction (the
remaining two thirds due to occupied space and access
space), average total annual shading reductions are 54% for
network A and 27% for network B. These values are
comparable to estimates found in other studies of shading
reductions over large areas. [12] estimates total shading
reductions of 36% for buildings in high-density areas of
Spain (including both shading from other buildings and
shading from rooftop obstructions). [3] estimates shading
reductions of 35% for flat roofs in the U.S.

3.2 Comparing PV Generation to Network Load

The hourly energy production estimated by IMBY’s solar
estimator was reduced by the hourly shading factors
calculated in PVsyst. The predicted PV generation was then
compared to network loads in each network. Figure 8 charts
network load and PV power generation over the course of
2005 in network A.
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