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Geospatial analysis to estimate the solar energy in household scale by geographic
information systems
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Abstract

Solar energy is a clean, unlimited energy source that can be utilized without causing pollution or environmental harm.
This study aimed to: 1) apply imagery from Unmanned Aerial Vehicles (UAVs) to create a Digital Surface Model
(DSM) for generating a map of solar radiation potential areas at the household scale, and to analyze solar radiation
using Geographic Information Systems (GIS); and 2) analyze the suitability of solar cell installation. The solar radiation
potential areas were categorized into four levels: high, medium, low, and very low, with the very low level deemed
unsuitable for installation. The study found that high-potential areas for solar cell installation are those that receive
sunlight throughout the day, with an average radiation intensity greater than 5.28 kWh/m?/day, including open spaces

and roofs.
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Figure 1 Study area
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Details of Aerial Photography Survey
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Figure 2 Methods for analyzing area solar radiation
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Figure 3 Methods for creating solar energy map
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Table 2  Criteria for dividing potential areas
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Figure 4 UAV photogrammetry results
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Solar radiation results

Solar radiation(kWh/m*-day)

Order Details Note.
area 1 area 2

1 Max. energy value 5.52 5.53 Open area and roof

2 Min. energy value 0.00 0.00 Area with large trees
3 Mean energy value 3.56 3.74

4 Dir o 4.32 4.32

5 Dif o 1.20 1.20

6 Global 5.52 5.53
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Figure 6 Comparison of solar radiation between Thermopile
pyranometer and DSM
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Table 5 Monthly solar radiation data
kWh/m*-day
Month Data from a 10-year retrospective Solar radiation from DSM, Solar radiation from DSM,
thermopile pyranometer Area 1 Area 2
JAN 4.57 5.15 5.16
FEB 4.52 5.39 5.40
MAR 5.69 5.65 5.66
APR 5.31 5.80 6.05
MAY 5.03 5.16 517
JUN 4.89 5.11 5.13
JUL 4.76 5.15 5.17
AUG 4.97 5.16 5.17
SEP 4.72 5.06 5.07
OCT 4.41 4.84 4.85
NOV 3.91 4.53 4.54
DEC 3.58 412 413
Table 6 Comparison of Thermopile pyranometer and DSM
kWh/m2-day % Error
Month
The diff. value of Area 1 The diff. value of Area 2 Area 1 Area 2
JAN 0.58 0.59 12.69 12.91
FEB 0.82 0.83 19.25 19.47
MAR 1.08 1.09 0.70 0.53
APR 1.23 1.48 9.23 13.94
MAY 0.59 0.60 2.58 2.78
JUN 0.54 0.56 4.50 4.91
JUL 0.58 0.6 8.19 8.61
AUG 0.59 0.60 3.82 4.02
SEP 0.49 0.50 7.20 7.42
OCT 0.27 0.28 9.75 9.98
NOV -0.04 -0.03 15.86 16.11
DEC -0.45 -0.44 15.08 15.36
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Table 7  Results from the assessment of areas with solar energy potential suitable for installing solar cells.
Results from the assessment of areas with solar energy potential suitable for installing solar cells
Solar energy potential areas (m?)
Order Details Note.
Area 1 Area 2

1 High potential areas 5,443.97 m* is 10.53 122.01 Open area and roof that
(>5.28 kWh/m® percent of the total area m? is 0.18 percent of the receives light throughout
-day) total area daylight hours

2 Medium potential areas 18,445.63 20,442.99 Open area with intermittent
(5.28-3.56 kWh/m? m’ is 35.68 percent of the m? is 30.10 percent of the  shading at certain times
-day) total area total area

3 Low potential areas 18,239.52 22,472.67 The shaded area of tree
(3.56-1 kWh/m? m’ is 35.28 percent of the m? is 33.08 percent of the  canopies
-day) total area total area

4 Very low potential areas 2,330.14 2,680.06 The area of rubber and
(<1 kWh m’ is 4.51 percent of the m? is 3.95 percent of the palm plantations
/m?-day) total area total area

5 The area with trees taller 7,240.28 m? is 14.00 22,209.55 The area unable to install

than 11.00 m.

percent of the total area

m? is 32.70 percent of the
total area

solar cell
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Figure 7 Solar radiation potential
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