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Abstract

This paper presents losses comparison and analysis results for different types of fault modes of
grid-connected photovoltaic system generated for long-term operation. The approach of losses
comparison and analysis by faults is to identify relationship between measured and estimated
values of five loss factors which are quantified from irradiance to system output power. This
paper presents the symptom results for faults such as snow, shading, sensor defect, blackout,
soiling and so on from three years or more monitored data. These results will indicate that it is
useful to develop fault detection and diagnosis tool to enhance capacity factor and save
operation and maintenance cost of grid-connected photovoltaic system in the field.
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Table 1 PV system and components specifications
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Category PV system PV1 PV2
Cell type Mono crystalline Mono crystalline
Nominal power 43 (W) 53 (W)
PV modele . .
Maximum power point voltage 8.9 (V) 17.4 (V)
Maximum power point current 4.87 (A) 3.05(A)
Total sheet 48 60
Nominal power 2.08 (kW) 3.18 (kW)
PV array
Arrangement 24%2 20%3
Tilt angle 15 (degree) 30 (degree)
Rate power 3 (kW) 3 (kW)
PCS Input voltage 200 (V) 340 (V)
Operating voltage range 160-250 (V) 150-340 (V)
Efficiency > 92 (%) > 94 (%)
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Table 2 Model parameter

Parameter PV1 PV2
am 0.865 0.850
a 0.820 0.805
by 0.01 0.015
a; -0.0035 -0.004
a -0.0465 0.0196
by 0.994 0.9366
Gy -0.0273 -0.0097
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Fig. 4 PV system yield and losses in case of snow cover
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Fig. 5 PV system yield and losses in case of shade and dirt
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Fig. 6 PV system yield and losses in case of shade, obstacle and blackout
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Table 3 PV yield loss comparison results for fault modes

Category Fault mode Yip Yo Yin Yia Yio
Measuerd value 0.057 0.054 0.035 0.005 0.126
Steady state Estimated value 0.044 0.053 0.044 0.004 0.126
Residual 0.013 0.001 -0.009 0.001 0.000
Measuerd value 0.048 0.072 0.066 0.004 0.089
PV array soiling Estimated value 0.057 0.077 0.014 0.004 0.089
Residual -0.009 -0.005 0.052 0.000 0.000
Measuerd value 0.041 0.083 0.214 0.003 0.127
PCS MPPT failure  Estimated value 0.051 0.107 0.038 0.004 0.130
Residual -0.010 -0.024 0.176 -0.001 -0.003
Measuerd value 0.545 0.000 0.000 0.000 0.000

PV system stop Estimated value 0.046 0.070 0.019 0.003 0.071
Residual 0.499 -0.070 -0.019 -0.003 -0.071
Measuerd value 0.029 -0.011 0.089 0.001 0.036
PV array shading  Estimated value 0.032 -0.014 0.020 0.001 0.038
Residual -0.003 0.003 0.069 0.000 -0.002
) Measuerd value 0.031 0.087 0.000 0.007 -0.031
ilrer?ifme ST Bstimated value 0,037 0.078 0.021 0.007 0.024
Residual -0.006 0.009 -0.021 0.000 -0.055
Measuerd value 0.053 0.189 -0.075 0.004 0.114
f;ﬂ:ifii?ﬁl‘ierm Estimated value ~ -0.021 0.170 0.014 0.004 0.114
Residual 0.074 0.019 -0.089 0.000 0.003
Measuerd value 0.019 -0.004 0.391 0.000 0.079
PV array defect Estimated value 0.037 -0.014 0.030 0.002 0.086
Residual -0.018 0.010 0.361 -0.002 -0.007
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