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Effect modeling and analysis of dust accumulation on output
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Abstract ; Dust deposition on photovoltaic (PV) modules seriously affects the stability of PV system output, resulting in the reduction of
generated power and shortening the service life of the PV modules. The accurate assessment of dust accumulation concentration in the PV
field will help to improve the accuracy of the power prediction model of PV power generation. In this paper, the dust particles collected
in PV power station are taken as the research object. Firstly, the elemental composition, content, morphological characteristic and
particle diameter distribution of the dust particles are analyzed. According to the actual power generation efficiency of PV modules and
environment parameters, a soft measurement model of dust accumulation concentration is established to rapidly evaluate dust
accumulation degree of PV power station. Secondly, in order to accurately obtain the relevant parameters of the model, several
experiments on the influence of dust accumulation concentration on power generation performance are carried out to obtain the relationship
between the output power of PV modules and irradiance, dust accumulation concentration, as well as module temperature. Finally, the
accuracy and reliability of the model are verified in natural conditions. The results show that compared with other traditional methods the
proposed model has better prediction performance, and the accuracy can reach 89. 6% .
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Fig. 1  Composition and content of dust particles
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Table 1 The percentage of each element in dust particles

JLE sl FRESL/% FTEHI%

0 KZ& &R 43.89 52.04

Al K% 4.05 2.85

Si KA 29. 41 19. 86

Mg K Z&# 1.04 0. 81

Ca K4 & 2. 64 1.25

K KZ &R 0.83 0.40

Fe K &% 4.72 1. 60

C KZ& &R 13.42 21.19
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(b) Particle diameter distribution
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Fig. 2 Morphology and particle diameter of dust particles
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Fig.3 Schematic diagram of dust covering process
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Table 2 Parameters of PV modules

Ak 280
Al bk
VEHIIHR (P,.) 30 W
RREIE (V,,,) 18V
TR (1,,,) 1.67 A
FFEEHE (V,,) 21.6 V
PSR (1) 1.84 A
R2E 3%
N 445 mmx540 mmx 18 mm
Hi 2.5 kg
MR A 1000 W/m?, AM 1.5, T=25C
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Table 3 The mass of glass piece and the average

concentration of each group

Seiy R MR BURBEE W e, FEIRE
MW W M,/g M;/g /(g-m?2) ¢/(g-m?)

1 23.323 04 23.33175 2.90
2 23.038 61 23.047 06 2.82

1 2.82
3 23.121 13 23.129 62 2.83
4 23. 008 62 23.016 84 2.74
1 23.323 30 23.334 12 3.61
2 23.039 15 23. 049 56 3.47

2 3.48
3 23. 121 54 23.132 03 3.50
4 23.010 69 23.020 75 3.35
1 23.322 96 23.340 12 5.72
2 23.121 61 23.138 29 5.56

3 5.57
3 23.038 78 23.055 49 5.57
4 23.010 69 23.026 91 5.41
1 23.323 03 23.344 96 7.31
2 23.038 94 23.060 25 7.10

4 7.12
3 23.121 34 23.142 73 7.13
4 23.010 27 23.031 06 6.93
1 23.323 20 23.360 55 12.45
2 23.038 85 23.075 11 12. 09

5 12. 09
3 23.121 43 23.157 74 12. 10
4 23.010 39 23.045 55 11.72
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Fig.5 Dust deposition distribution of PV modules
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Table 4 The prediction results and relative error results of dust accumulation concentration for three methods
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