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ABSTRACT

This research studies the impact of photovoltaic (PV) systems on multiphase
distribution networks in case of static and dynamic analyses. Firstly, static simulations
are performed in the IEEE multiphase 34 node test feeder to install PV systems at the
weakest bus using bus voltage ranking indices (VRI) and the impacts of PV systems on
voltage profile, grid loss, maximum loading factor and percent of voltage unbalance
factor are investigated. Then, PV penetration levels are increased by evaluating their
impacts on voltage profile while considering the voltage limits at all buses in the range of
0.95-1.05 per unit. After that, the simulation results from static analysis are applied to
dynamic simulations to highlight the impact of PV systems based on the generation

profile on voltage profiles.

This research also presents the algorithm to determine the maximum penetration
level of PV systems by considering power fluctuation of PV systems with the
interconnection of PV to distribution networks. Initially, the bus voltage ranking indices
(VRI) are used to find the weakest bus and the maximum power generated by constant
PV is determined by considering the voltage change at each bus in the range of 0.95-
1.05 per unit. Then, the simulation results are compared with dynamic analyses to
determine the maximum penetration level of the PV output power fluctuation at three

load levels: low load, base load and peak load.



The results from static and dynamic analyses indicate that the voltage profiles of
all buses remain in the limit for constant PV systems. However, PV systems based on the
generation profile are applied to the networks without voltage regulators; the voltage at
the point of installation is slightly over the limit. Furthermore, in the case with voltage
regulators, the voltage at the point of installation is extremely over the standard. In case
of the PV output power fluctuation, the maximum penetration level of PV systems is
decreased when compared to the case without power fluctuation. In addition, PV
systems which are connected at the bus within standard voltage limits may cause over
voltage at other buses. These research findings can be used for the planning and the

operation of power systems.

Keywords: photovoltaic system, multiphase distribution network, voltage profile,

power fluctuation, voltage fluctuation
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Loss ALR VUF
Case (MW (%] MLF (%]
With regulators 0.2621 - 2.374 | 1.6066
Regulators with PV | 0.1256 | 52.07 | 2.913 | 1.1227
450kW
Regulators with PV | 0.0913 | 65.16 | 3.431 | 0.7537
848kW
Without regulators 0.2284 - 1.895 | 1.4277
No regulators with PV [ 0.0961 | 63.33 | 3.207 | 0.6430
949kW
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1319983 AUBIAEIAS
Node A Node B Length(ft.) Configuration
800 802 2580 300
802 806 1730 300
806 808 32230 300
808 810 5804 303
808 812 37500 300
812 814 29730 300
814 850 10 301
816 818 1710 302
816 824 10210 301
818 820 48150 302
820 822 13740 302
824 826 3030 303
824 828 840 301
828 830 20440 301
830 854 520 301
832 858 4900 301
832 888 0 XFM-1
834 860 2020 301




Node A Node B Length(ft.) Configuration
834 842 280 301
836 840 860 301
836 862 280 301
842 844 1350 301
844 846 3640 301
846 848 530 301
850 816 310 301
852 832 10 301
854 856 23330 303
854 852 36830 301
858 864 1620 303
858 834 5830 301
860 836 2680 301
862 838 4860 304
888 890 10560 300
p3vdiayalnseainaataaduniionu
Spacing
Configuration Phasing Phase Neutral ID
ACSR ACSR

34



Spacing
Configuration Phasing Phase Neutral ID
300 BACN 1/0 1/0 500
301 BACN #2 6/1 #2 6/1 500
302 AN #4 6/1 #4 6/1 510
303 BN #4 ©/1 #4 6/1 510
304 BN #2 ©/1 #2 6/1 510
R199dRsandaulad
kVA kV-high kV-low R% | X%
Substation 2500 69-D 24.9 -Gr. W 1 8
XFM -1 500 249-GrW | 416-Gr.W | 1.9 | 4.08
pesieyaluaniiia
Model kKW KVAr kW KVAr kKW KVAr
860 Y-PQ 20 16 20 16 20 16
840 Y- 9 7 9 7 9 7
844 Y-Z 135 105 135 105 135 105
848 D-PQ 20 16 20 16 20 16
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890 D-I 150 75 150 75 150 75
830 D-Z 10 5 10 5 25 10
Total 344 224 344 224 359 229
R1919dasasaLiLlIq
Node Ph-A Ph-B Ph-C
KVAr KVAr KVAr
844 100 100 100
848 150 150 150
Total 250 250 250
A1319tiayaiug pTinszanesEanaia
Node Node Load Ph-1 Ph-1 Ph-2 Ph-2 Ph-3 Ph-3
A B Model kW KVAr kW KVAr kW KVAr
802 806 Y-PQ 0 0 30 15 25 14
808 810 Y-I 0 0 16 8 0 0
818 820 Y-Z 34 17 0 0 0 0
820 822 Y-PQ 135 70 0 0 0 0
816 824 D-l 0 0 5 2 0 0
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Node Node Load Ph-1 Ph-1 Ph-2 Ph-2 Ph-3 Ph-3
824 826 Y- 0 0 40 20 0 0
824 828 Y-PQ 0 0 0 0 4 2
828 830 Y-PQ 7 3 0 0 0 0
854 856 Y-PQ 0 0 4 2 0 0
832 858 D-Z 7 3 2 1 6 3
858 864 Y-PQ 2 1 0 0 0 0
858 834 D-PQ 4 2 15 8 13 7
834 860 D-Z 16 8 20 10 110 55
860 836 D-PQ 30 15 10 6 42 22
836 840 Dl 18 9 22 11 0 0
862 838 Y-PQ 0 0 28 14 0 0
842 844 Y-PQ 9 5 0 0 0 0
844 846 Y-PQ 0 0 25 12 20 11
846 848 Y-PQ 0 0 23 11 0 0

Total 262 133 240 120 220 114




M13197a3 A 18 4IYALAR T

Regulator ID 1
Line Segment 814 - 850
Location 814
Phases A-B-C
Connection 3-Ph,LG
Monitoring Phase A-B-C
Bandwidth 2.0 volts
PT Ratio 120
Primary CT Rating 100
Compensator Settings Ph-A Ph-B Ph-C
R - Setting 2.7 2.7 2.7
X - Setting 1.6 1.6 1.6
Voltage Level 122 122 122
Regulator ID 2
Line Segment 852 - 832
Location 852
Phases A-B-C
Connection 3-Ph,LG

38
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Monitoring Phase A-B-C
Bandwidth 2.0 volts
PT Ratio 120
Primary CT Rating 100
Compensator Settings Ph-A Ph-B Ph-C
R - Setting 2.5 2.5 2.5
X - Setting 1.5 1.5 1.5
Voltage Level 124 124 124

fayamBununuiuedlnseai1asrindaniing1e

Configuration 300

Z (R +jX) in ohms per mile

1.3368 1.3343 0.2101 0.5779 0.2130 0.5015

1.3238 1.3569 0.2066 0.4591

1.3294 1.3471

B in micro Siemens per mile

5.3350 -1.5313

5.0979

-0.9943

-0.6212

4.8880



Configuration 301

Z (R +jX) in ohms per mile

1.9300 1.4115 0.2327 0.6442 0.2359 0.5691

1.9157 1.4281 0.2288 0.5238

1.9219 1.4209

B in micro Siemens per mile

5.1207 -1.4364 -0.9402
4.9055 -0.5951
4.7154

Configuration 302

Z (R +jX) in ohms per mile

2.7995 1.4855 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000

0.0000 0.0000

B in micro Siemens per mile

4.2251 0.0000 0.0000

0.0000 0.0000

0.0000



Configuration 303

Z (R +jX) in ohms per mile

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

2.7995 1.4855 0.0000 0.0000

0.0000 0.0000

B in micro Siemens per mile

0.0000 0.0000 0.0000
4.2251 0.0000
0.0000

Configuration 304

Z (R +jX) in ohms per mile

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.9217 1.4212 0.0000 0.0000

0.0000 0.0000

B in micro Siemens per mile

0.0000 0.0000 0.0000

4.3637 0.0000

0.0000
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AN AN PV. AaLTlu %
0.00 0 0.000
0.15 0 0.000
0.30 0 0.000
0.45 0 0.000
1.00 0 0.000
1.15 0 0.000
1.30 0 0.000
1.45 0 0.000
2.00 0 0.000
2.15 0 0.000
2.30 0 0.000
2.45 0 0.000
3.00 0 0.000
3.15 0 0.000
3.30 0 0.000
3.45 0 0.000
4.00 0 0.000
415 0 0.000
4.30 0 0.000
4.45 0 0.000
5.00 0 0.000
515 0 0.000
5.30 0 0.000
5.45 0 0.000
6.00 0 0.000
6.15 0 0.000
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19AN AN PV. AaLTlu %
6.30 0.73 0.124
6.45 16.91 2.874
7.00 6 1.020
7.15 614 10.437
7.30 103 17.508
7.45 127.83 21.728
8.00 214.93 36.533
8.15 300.55 51.087
8.30 316.51 53.800
8.45 358.89 61.004
9.00 347.39 59.049
9.15 235.82 40.084
9.30 308.63 52.460
9.45 339.38 57.687
10.00 346.96 58.976
10.15 362.61 61.636
10.30 554,54 94.260
10.45 431.93 73.419
11.00 561.22 95.395
11.15 588.31 100.000
11.30 526.74 89.534
11.45 420.49 71.474
12.00 473.08 80.413
12.15 373.52 63.490
12.30 465.34 79.098
12.45 423.28 71.948
13.00 493.01 83.801
13.15 508.75 86.477
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19AN AN PV. AaLTlu %
13.30 571.28 97.105
13.45 536.64 91.217
14.00 515.04 87.546
14.15 485.42 82.511
14.30 459.22 78.057
14.45 357.1 60.699
15.00 380.49 64.675
15.15 409.76 69.650
15.30 359.48 61.104
15.45 312.75 53.161
16.00 211.26 35.910
16.15 101.39 17.234
16.30 140.41 23.867
16.45 49.66 8.441
17.00 33.51 5.696
17.15 4.88 0.829
17.30 0 0.000
17.45 0 0.000
18.00 0 0.000
18.15 0 0.000
18.30 0 0.000
18.45 0 0.000
19.00 0 0.000
19.15 0 0.000
19.30 0 0.000
19.45 0 0.000
20.00 0 0.000
20.15 0 0.000
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19AN AN PV. AaLTlu %
20.30 0 0.000
20.45 0 0.000
21.00 0 0.000
21.15 0 0.000
21.30 0 0.000
21.45 0 0.000
22.00 0 0.000
22.15 0 0.000
22.30 0 0.000
22.45 0 0.000
23.00 0 0.000
23.15 0 0.000
23.30 0 0.000
23.45 0 0.000
24.00 0 0.000
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