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Abstract: With the increasing penetration rate of renewable energy resources (RES) and electric vehicles (EV) in distribution networks, the
volatility and uncertainty of RES output and the disorderly charging of EVs have a significant impact on the operation of power
grids. In the paper, an optimization model of EV operation coordinated with RES distributed generation (DG) is proposed. The
model integrates EV, multi category DG operational constraints, and system operational objectives to ensure the reliable operation
of the system and alleviate the insufficient/excess RES production capacity. Firstly, a method for predicting RES power and EV
charging power based on auto-regression moving average (ARMA) time series model is adopted to generate scenario samples.
Then, an EV charging/discharging optimization method based on a multi-class DG operation framework is proposed, and potential
factors of the grid operation are evaluated. A method for capacitor’ s site selection and capacity determination is proposed to re-
duce this impact. The comprehensive integration of these methods promotes the coordinated operation of EV and DG. The model
is simulated on a 134-bus distribution network. The improved particle swarm optimization (IPSO) algorithm with variable weights
and asynchronous learning factors is used to solve the problem. The results of the numerical example verify its optimization effect.
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1:00 4253 4238 4130 1962 1920 1878 579 573 558 698 0919  0.991
2:00 4185 4170 4065 1860 1820 1777 564 559 544 664 0925  0.994
3:00 4417 4401 4288 2013 1968 1924 601 595 579 751 0914 0.989
400 5099 5076 4939 2408 2352 2297 706 698 678 1036 0.884  0.973
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7:00 4261 4245 4138 1957 1915 1873 579 574 558 700 0919  0.991
8:00 4221 4206 4099 1927 1885 1843 573 567 552 685 0921  0.992
9:00 4363 4347 4237 1991 1947 1904 593 587 571 733 0916  0.990
10:00 4264 4249 4143 1921 1879 1836 577 572 557 694 0921  0.992
11:00 4111 4097 3994 1838 1799 1758 554 549 535 640 0927  0.996
12:00 4268 4252 4145 1939 1897 1854 579 573 558 700 0920  0.992
13:00 4363 4347 4236 1998 1954 1910 594 588 572 736 0916  0.989
14:00 4497 4480 4364 2069 2023 1978 614 607 591 784 0910  0.987
1500 3923 3909 3812 1758 1722 1684 528 523 510 582 0934  0.999
16:00 4630 4611 4490 2183 2134 2088 637 630 612 843 0903  0.982
17:00 5321 5294 5148 2602 2540 2482 746 737 715 1156 0871  0.966
18:00 5532 5504 5349 2692 2626 2564 777 766 744 1254 0863  0.962

19:00 5483 5455 5301 2703 2637
20:00 5075 5052 4914 2450 2392
21:00 4030 4016 3915 1833 1794
22:00 3980 3966 3867 1803 1765
23:00 3323 3313 3235 1434 1405
24:00 2750 2744 2682 1122 1101

2577 772 761 739 1239 0.867 0.962
2339 707 698 678 1037 0.883 0.972

1755 545 540 526 620 0.929 0.996
1727 537 532 518 603 0.931 0.997
1374 440 437 426 406 0.958 1.012
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TE AT P15 p BN kW, JEH) H)4 Q B kvar, BT LA A HUES V B A p.u.
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i} %1 P, P, P. Q. Qs Q. I, I, I. 451 Unin Unex
1:00 4202 4193 4092 1941 1873 1791 528 511 501 586 0972 1.022
200 4146 4130 4040 1051 1025 953 SI8 514 500 560 0964  1.019
300 4360 4340 4250 776 755 667 533 530 516 598 0971 1.026
400 5006 4977 4877 764 742 625 611 606 590 783 0961  1.023
500 4560 4538 4443 911 886 794 S62 558 543 663 0962  1.021
6:00 4768 4741 4647 645 626 514 579 574 559 705 0970  1.027
700 4199 4179 4098 253 242 143 501 498 486 531 0992 1.041
800 4160 4141 4060 220 209 110 496 493 481 521 0.994  1.042
9:00 4298 4277 4195 292 280 179 514 510 498 557 0989 1.040
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24:00 2740 2706 2646 1085 1062 1019 314 311 300 224 0989  1.027
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