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Research on the influence of photovoltaic access on a power grid
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Abstract: In order to solve the problem of voltage distribution, network loss and short-circuit current change caused by
photovoltaic system access, the access location and capacity of a photovoltaic system need to be reasonably planned. First,
a simulation model is established based on the 9-node ring network model of a WSCC3 machine, and some parameters in
the simulation process are simplified. Secondly, the influence of photovoltaic grid-connection on grid voltage is studied
through simulation analysis of access location and capacity of single and multiple photovoltaic power generation systems.
Then, the influence of photovoltaic access position and access capacity on system network loss is simulated and analyzed.
Finally, the influence of photovoltaic access on short-circuit current is studied. The above simulation analysis and research
can guide photovoltaic system access location and capacity.
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Fig. 1 3-machine 9-node model
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Table 1 Voltage standard of each node at different access points

T RATR NI B4 #2N B5 A B6 A B7 A B8 A B9 A
B4 1.02579 1.037 58 1.034 35 1.033 03 1.019 16 1.019 77 1.01917
B5 0.995 63 1.004 73 1.0259 1.000 39 0.986 82 0.988 15 0.987 07
B6 1.012 65 1.021 52 1.01871 1.045 35 1.005 39 1.006 8 1.006 51
B7 1.02577 1.028 32 1.033 05 1.028 37 1.03379 1.032 42 1.025 66
B8 1.015 88 1.018 42 1.0213 1.020 6 1.020 02 1.037 79 1.020 2
B9 1.032 35 1.0347 1.03513 1.039 47 1.032 27 1.037 82 1.042 39
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Fig. 2 Voltage variation trend of each node under

different access points
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Table 2 Voltage standard of each node is unique under different access capacities

RIS 0 MW 20 MW 40 MW 60 MW 80 MW 100 MW
B4 1.025 79 1.028 44 1.030 73 1.0327 1.03758 1.0357
B5 0.995 63 1.003 98 1.01178 1.019 08 1.004 73 1.032 27
B6 1.012 65 1.014 57 1.016 21 1.017 59 1.02152 1.019 59
B7 1.025 77 1.0278 1.029 69 1.03143 1.028 32 1.034 54
B8 1.015 88 1.017 43 1.018 84 1.020 13 1.018 42 1.022 35
B9 1.032 35 1.03319 1.03392 1.034 57 1.0347 1.035 61
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Fig. 3 Voltage variation trend of each node under
different access capacities
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Table 3 Access capacity of each photovoltaic system

PV %5 PV % /MW IhEe B ()
PV1 40 cosp=0.95
PVv2 20 cosp=0.95
PV3 10 cosp=0.95
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Table 4 Access location of each photovoltaic system
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Table 5 Voltage values when multiple photovoltaic systems are connected to different locations
R AR B4 BS B7 B8 B9
ik 1 1.025 79 0.995 63 1.012 65 1.025 77 1.015 88 1.032 35
HhZk 2 1.032 01 1.012 33 1.024 31 1.031 46 1.02316 1.036 69
Hh4k 3 1.029 89 0.997 93 1.01541 1.029 61 1.019 39 1.035 25
ik 4 1.035 35 1.009 17 1.023 4 1.029 44 1.019 35 1.035 33
Hhk 5 1.027 81 0.995 93 1.02818 1.029 25 1.025 06 1.039 24
ik 6 1.028 39 1.009 09 1.01391 1.032 98 1.0231 1.034 83
ik 7 1.033 29 1.000 91 1.02558 1.027 96 1.019 25 1.036 96
2k 8 1.033 63 1.007 72 1.018 29 1.030 28 1.019 42 1.034 47
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Fig. 4 Voltage changes at different points when multiple
photovoltaic systems are connected to different positions
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Table 6 Access capacity of each photovoltaic system

Hh 2k 5 PV1I/MW PV2/MW PV3/IMW
ik 1 0 0 0
ik 2 5 10 15
k3 10 20 30
4 4 15 25 35
5 20 30 35
A 30 40 50
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Table 7 Voltage value when multiple photovoltaic systems are connected to different capacities

A B4 BS B7 B8 B9
2k 1 1.025 79 0.995 63 1.012 65 1.025 77 1.015 88 1.032 35
2k 2 1.028 68 1.002 44 1.018 43 1.028 26 1.019 29 1.034 44
ik 3 1.031 03 1.008 61 1.023 64 1.030 56 1.0225 1.036 36
ik 4 1.031 57 1.010 33 1.025 71 1.031 66 1.024 6 1.037 38
ik 5 1.031 53 1.010 33 1.025 71 1.031 66 1.026 31 1.032 73
ik 6 1.032 41 1.014 62 1.031 09 1.034 65 1.038 45 1.041 79
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Fig. 5 Point voltage changes when multiple photovoltaic
systems are connected to different capacities
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Table 8 System active power loss when photovoltaic

access capacity is 50 MW
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Fig. 6 Active power loss of the system changes when the
photovoltaic access capacity is 50 MW
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Table 9 Loss of nodes under different access capacities

REl=ES B4 B5 B6 B7 B8 B9
0 MW 4.6 4.6 46 46 46 46
20 MW 46 45 45 5.6 5.4 55
40 MW 46 4.4 45 6.8 6.3 6.6
60 MW 4.6 4.4 46 8.2 75 7.9
70 MW 46 4.4 47 9 8.2 8.6
80 MW 4.6 4.4 48 9.8 8.9 9.4
90 MW 4.6 45 5 107 9.7 102

120 MW 4.6 4.8 5.6 136 124 131
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Fig. 7 Network loss changes with different capacities
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Table 10 Three-phase short circuit fault occurs at node B8
k4R kAN B4 B5 B6 B7 B8 B9

AC3 5.06 542 591 533 888 497 519
AC4 389 423 415 467 402 383 7.02
LI 8.97 9.67 101 100 129 254 122

& 11 5= B8 &4 HHI8) K BR A PERT & SRR ER IR
Table 11 When short circuit fault occurs between phases
in node B8, current of each branch is generated
SRR A4 FR K#EAN B4 B5 B6 B7 B8 B9

AC3 2.95 310 336 301 493 261 2.88
AC4 2.35 25 243 274 232 211 402
LR 5.18 548 566 564 7.13 135 6.78

IR 100 £ 11, TRk R A =M%
S A A AR ) R B, R IR R B R AR
HI 2 A5 FL PO e P R LR R, AR R

1) SR R Gr o it R B T R R R, Hok
TR ARG B N AT B A ot Bt , AR R % LA
RN

2) FENT 55 B8 Ab AR HE AR, i s b
== TS NP = N BB g 195 = A R 5y N i P
THRAR RS T K2 HO B R, A At g
RS BE LB AR /N T, 2R AC3 FIZE % AC4
bR R % E RS, R ME AN B

3) RGLAEE 3 5 S ) B4, B5. B6 $ A HiM
N, it ik AC3 HIl ACA (KB FIIRIG K, 1
FESENT IR S5 ) B7. B i AR, AZRE% i
B R S SO, U (1) e B R 2 ARG
VA
4.2 MMREBRGHEANTEXE B BRAST

AN AT 5 B8 VR ARk i, Wk
e RN = M B . IR R RN B IR
B4. B5. B7. B8 XU/ im, HMIRARGEANE
IHTHES 58 0 MW, 20 MW, 40 MW. 60 MW,
70 MW, 80 MW, fjj 45 H U5k 12 Fiios.

Iy HT R 12, b S i B E R A AR N
HERIELGIER, (B2 EnE R N A
NITEEPN LU

AR N 5 BT HL IO R B R I 1 2 AR A
WG ARFE N AL B L ) 6 4% LA P S A FH



WL, & RIS B R IS 7T

- 163 -

R 12 FEBASE T SRR
Table 12 Loss of nodes under different access capacities

- B4 i s B5 i B7iA B8
E2N N N N
0 MW 9.655 10.048 12.898 25.015
20 MW 9.660 10.061 12915 25.156
40 MW 9.664 10.072 12.926 25.279
60 MW 9.668 10.081 12.933 25.385
70 MW 9.670 10.085 12.934 25.431
80 MW 9.672 10.098 12.934 25.474
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