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ABSTRACT Soiling on the surface of a PV module reduces the amount of light reaching the solar cells, decreasing power performance.
The performance of the PV module is generally restored after contaminants on the module surface are washed away by rain, but it
accumulates at the bottom of the module owing to the thickness of the module frame, causing an output mismatch on the PV module.
Since PV modules are usually installed horizontally or vertically outdoors, soiling can occur at the bottom of the PV module,
depending on the installation direction due to external environmental factors. This paper is analyzed the output characteristics of a PV
module considering its installation direction and the soiling area. The soiling was simulated to use transparent films with 5%
transmittance, and the transmission film was attached to the bottom part of the PV module horizontally and vertically. When the
soiling area was 33% of the string at the bottom of the PV module, the power output decreased similarly regardless of installation
direction. However, when the soiling area was 66% of the string at the bottom of the PV module, it was confirmed that the output
performance decreased sharply when installed vertically rather than horizontally.
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Nomenclature G, ,.; - plate of array irradiance, kW/m’

E . :output energy of PV system, kWh .
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I-V : current-voltage
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Fig. 1. Each installation direction of PV modules and locations
of soiling
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Table 1. Spec. of PV module

P WV, V] V. V] I, [A] I, [Al

mp

267.59 38.6 31.2 9.26 8.58
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(a) Experiment according to soiling area of horizontally
installed PV module
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(b) Experiment according to soiling area of vertically installed
PV module

Fig. 2. Experiment to analyze according to soiling area of
each PV module installation direction
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Table 2, Output characteristics of horizontally installed PV
module by each soiling area

Not 1/3 2/3 1
Soiling Soiling Soiling Soiling
Pmax (W] | 267.59 217 41 175.66 175.12
e V] 38.6 38,4 38.3 39
Vp V1 31.2 33.7 20.1 20.1
L, [A] 9.26 9.21 9.2 9.26
1, (Al 8.58 6.646 8.72 8.58

Table 3. Output characteristics of vertically installed PV
module by each soiling area

Not 1/3 2/3 1
Soiling Soiling Soiling Soiling
P W | 26759 217.69 136.03 49,24
v, [V] 38.6 38.4 38.4 38.2
V., V1 31.2 33.7 33.7 36
L, [A] 9.26 6.67 4.04 1.5
1, [A] 8.58 6.46 3.81 1.37
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Fig. 4. Test bed for PR analysis

Table 4. Spec. of PV modules

Mono #1 Mono #2 Poly #1 Poly #2

B W] 247.77 249.7 255.33 256.91
v, V] 37.9 37.8 37.6 37.6
Vp V] 29.9 29.5 30.4 30
I, [A] 8.83 8.91 8.99 9.12
1,, [A] 8.28 8.47 8.39 8.97
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Table 5. Results according to each installation direction and
soiling area of PV module

Crystalline type Single Multi
Ins'talla.mon Vertical | Horizontal | Vertical | Horizontal
direction
N(?t 62,02 63.18 64,08 63,33
Cumulative | SOling
power | 3 160 | azs0 | a2or | avm3
generation | Soiling
[kWh] 9/3
. 28.06 36.45 31.33 36,93
Soiling
Not
283,27
Soiling '
Cumulative 13
irradiation Soilin. 237.06
[kWh/n’] g
2/3
259,87
Soiling :
N(?t 88,36 89,33 88.60 87.03
Soiling
PR 1/3
70,82 71,46 71.00 68,52
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