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Abstract

This paper analyzes the characteristic of gird connected photovoltaic power generation system which
is available to connect the utility. Renewable energy photovoltaic power system has been linked to the
system to analyze the impact of photovoltaic system. It is measured that power data for the Grid
connected photovoltaic power plant with instantaneous measuring and 3-sec measuring for 7 days.
Harmonic field measurements have shown that the harmonic contents of a waveform varies with time.
A cumulative probability approach is the most commonly used method to solve time varying
harmonics. So, it is used 50[%] cumulative probability approach. This paper provides an in depth
analysis on power quality field measurement of the Grid connected photovoltaic power plant.

Key Words : Photovoltaic Power System, Power System Quality, Harmonic Measurement,
Harmonic Assessment, K—Factor
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Fig. 1. PV system under case study
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Fig. 3. Measuring equipment(Dewetron PNA600)
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Table 1. Measured data by PX5
A B CH
A | Vrms[V] 13,346 13,295 13,384
¢t | VTHDI%] 0.52 0.52 0.62
=l Irms[A] 3.03 2.61 2.31
¥ | ITHDI[%] 12.63 17.40 17.23
94749 [kVA] 40.44 34.70 30.92
9 E([%] 91 90 90
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Fig. 4. Measured voltage waveform(Phase A)
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Table 2. Measured Harmonic Voltage .
§ | 0503 |22953 | 0313 | 12044 | 0234 | 97 | 101 | 2201
Harmonic A% B % 9 | 5947 | 32006 | 6919 | 32093 | 8363 | 31489 | 51928 | 13494
orger | VHD | Phase | THD | Phase | THD | Phase 10| 0204 | 24248 | 0444 | 4341 | 0394 | 14143 | 0406 | 29985
Bl | T | Dl | FT | Pel | [l 11| 0478 | 9408 | 0981 | 1864 | 1713 | 26307 | 2597 | 1334
1 100 | 26991 | 100 | 2934 | 100 | 14903 12| 0272 (22734 | 0181 | 5710 | 0269 | 2313 | 181 | 5325
2| 0028 | 34648 | 0028 | 13728 | 0016 | 2811 13| 1994 | 2331 | 1788 | 12159 | 1422 | 26536 | 3928 | 2174
3 0147 | 1216 | 0259 | 14922 | 0088 | 17041 14| 0272 15765 | 0141 | 456 | 0453 | 24766 | 0737 | 1935
4 0025 | 3445 | 0019 | 24938 | 0013 | 15322 15| L134 27268 | 1059 | 29088 | 115 | 2878 | 8204 | 9669
> 0253 | 4916 | 0253 | 31001 | 0369 | 16314 16| 0263 | 31686 | 0150 | 4526 | 0447 | 17653 | 0343 | 7145
6 0013 | 28926 | 0013 | 24823 | 0034 | 26486 17 | 0841 | 22931 | 0966 | 10038 | 1488 | 3367 | 1219 | 15014
7 0216 | 16584 | 0206 | 2648 | 0256 | 4629 18| 0119 | 2159 | 0172 | 33415 | 0109 | 1803 | 0479 | 11948
8 0006 | 1845 | 0003 | 17639 | 0025 | 32294 19| 0047 | 2057 | 0703 | 32274 | 0234 | 12569 | 1022 | 13144
J 029 | 4801 | 0216 | 418 | 0309 | 5971 20| 0219 | 127.18 | 0297 | 35669 | 0269 | 24203 | 0073 | 1344
10 | 0013 | 10841 | 0025 | 2845 | 0006 | 15954 R
0| 0L | 2641 | 0131 | 1876 | 022 | 4976 4| 0016 | 1869 | 0.009 | 28995 | 0.044 | 28409 | 0086 | 13854
12 0013 | 1707 | 0003 | 28218 | 0019 | 32156 THD 112651 0 17307 0 [17281 0 |1016021 0
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Fig. 6. Measured voltage waveform(Phase A)
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Fig. 7. Measured current waveform(Phase A)
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Table 4. Measured data by PNA600

A% B4 A
A A ASHV] | 132701 | 132126 | 132965
Al FEFAAQV] | 131741 | 13122.3 | 132034
| HaAAYIV] | 13086.3 | 13035.6 | 13117.0

VTHD[%] 0.62 0.64 0.71

Irms[A] 8.00 7.80 7.70

f ITHD[%] 1420 | 1555 | 13.30

" ITDDI%] 358 3.81 3.25

344 2 [kVA] 1066 | 1031 | 1035

4 E[%] 0.99 0.99 0.99
o Pst 0.1446 | 0.1428 | 0.1418
Plt 0.1502 | 0.1481 | 0.1473
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Table 5. Harmonic current CP 50(%)

e A5 3Lz}
CP50[%](THD) CP50[%](TDD)
2k AN | B | CY | AN | BY | CH
1 100 100 100 100 100 100
2 1.858 | 0.979 | 1.902 | 0.469 | 0.240 | 0.465
3 110.863|13.061 | 8936 | 2.742 | 3.202 | 2.185
4 1.216 | 0.628 | 0.701 | 0.307 | 0.154 | 0.171
5 4505 | 4507 | 5556 | 1.137 | 1.105 | 1.359
6 0.876 | 0.848 | 0.825 | 0.221 | 0.208 | 0.202
7 2.679 | 1.645 | 1.697 | 0.676 | 0.403 | 0.415
8 0.722 | 0.661 | 0.695 | 0.182 | 0.162 | 0.170
9 6.751 | 6.468 | 7.256 | 1.704 | 1.586 | 1.774
10 | 0.655 | 0.614 | 0.586 | 0.165 | 0.151 | 0.143
11 | 1.029 | 1.159 | 1.553 | 0.260 | 0.284 | 0.380
12 | 0.455 | 0.405 | 0.405 | 0.115 | 0.099 | 0.099
13 | 0.831 | 0.748 | 0.974 | 0.210 | 0.183 | 0.238
14 0451 | 0.386 | 0.399 | 0.114 | 0.095 | 0.098
15 | 0.813 | 0.635 | 0.706 | 0.205 | 0.156 | 0.173
16 | 0.401 | 0.351 | 0.376 | 0.101 | 0.086 | 0.092
17 | 0673 | 0563 | 0.576 | 0.170 | 0.138 | 0.141
18 | 0.383 | 0.288 | 0.311 | 0.097 | 0.071 | 0.076
19 10526 | 0484 | 0.519 | 0.133 | 0.119 | 0.127
20 | 0.410 | 0.329 | 0.347 | 0.104 | 0.081 | 0.085
40 0 0 0 0 0 0
THD/
TDD |14.203 15.551 | 13.304 | 3.585 | 3.812 | 3.254
[9%]
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Table 6. Harmonic current limit
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Table 8. Measured harmonic current assessment Pst<0.35 B 0.143
A3k CP 50[%] (TDD) a7 ¢ 0142
A5 | A% | A% | BY | CH A 0.150
; o0 0 00 0 Plt<0.25 B 0.148
C 0.147
2 1 0.469 0.521 0.565
3 4 2.742 3.003 2.277
4 1 0.307 0.349 0.331 4. AXTM AEHO[H
5 4 1.137 1.338 1.237 41 SEHE M
6 1 0.221 0.280 0.304
7 4 0676 | 0527 | 0.454 28 12 1) Ar e AL g B
8 1 0182 | 0272 | 0261 DEle] TS nelZ=T Q)
9 4 1.704 1.411 1.529
10 1 0.165 0.249 0.249 Bus
11 2 0.260 0.372 0.389
12 0.5 0.115 0.185 0.198 R
13 2 0.210 0.262 0.300 L
14 0.5 0.114 0.189 0.197 '
15 2 0205 | 0239 | 0264 I C,
16 0.5 0101 | 0173 | 0.190 g 12, ExEE
17 1.5 0.170 0.244 0.245 Fig. 12. Tuned filter
18 0.38 0.097 0.192 0.212 e P () el ZHA )7 [ E e o
19 1.5 0.133 0.209 0.223
20 0.375 0.104 0.178 0.193 e Sl 52 WA AAE T3l met A ]
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Table 10. Harmonic current assessment

without the filter | with the filter
IA, THD[%] 12.63 3.24
IB, THD[%] 17.40 3.16
IC, THD[%] 17.23 3.59
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Table 11. Harmonic voltage assessment

without the filter | with the filter

VA, THD[%] 0.497 0.289
VB, THD[%] 0.516 0.273
VC, THDI[%] 0.616 0.311

k3 12, F|LHN
Table 12. Maximum generated power
A% B CH 3%
3] = =
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[kVAR]
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Table 13. K-factor calculation results
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