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Table 1  Parameters of wind turbine
vo/mes’'  vu/mes?  va/mesT o, Wy c k
5 45 15 0.2 0.3 17 2.0

32 JFFRWIE

e INSMODE 3K fiff 235 5 i) 1R 8 M [R] et A
FH MOPSO 1 NSGA-II R i iz A . T A Bk
P A R RIS R 3 4G U B34 1% ol 100 il 5000, &, L
S35 107,10, 7551 R A 100, INSMODE Hr#%
S F R CR 43 31HL 0.5 A1 0.1,DE 8%} DE/rand/1.
MOPSO H24 ] [HFHIHL 2.05, AL E B 0.729
NSGA-II 122 SCFNAE S ME 2243 3] B 0.9 #1 0.2, Ho gy
AR EC 201", 3 FARTA AR SR FH AR SC I R i 2y
FALFR T . HAS BN Pareto T Al T U 43 A A i
s sy S anid 2 fZ 2 i

S I BTG B o N D3 I N S = Y
MOPSO Jir 15 2 1y v A7 fif AR 5 /0, [A] B NSGA-11 1
AU F R ER e it o 2 R A RESRAG S8 B 1Y

500,
o INSMODE
4991 s MOPSO
498} o NSGA-II
O &
EECUEEN %o
= ¢
= 40 8 c
N o
i 495 %%a% Y
494+ %0
% %
493} o
492 "0 oo
2430 2435 2.440 2.445 2450 2455 2.460 2465 2470

BB <1098
P2 Pareto e flETHT LA

Fig. 2 Comparison of Pareto optimal fronts
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Table 2 Comparison of extreme solutions and optimal

compromise solutions of three algorithms

Ak =¥z TSYHERL RS RS
S LN 497.46 2.4333x10

INSMODE ~ MEE Ak 492.43 2.4673x10*
AT i 494.46 2.4440%10"

eSS 497.45 2.4371x10°

MOPSO Wt 493.59 2.4693x10°
AT iR 495.51 2.4477x10"

25 Al 499.26 2.4499x10*

NSGA-II Wl 497.71 2.4571x10*
ST A i 498.53 2.4520x10°*

Pareto HijVF o A LT 5 , 45 SCAHY INSMODE 5374 15
F 1Y Pareto AL HI 70 /i E 4] Ju I, HHl
Kl 3 FE 4 B bx er Bl Sfs 3 7T A& 4 INSMODE
FR Wi B33 BE g e, T H. MOPSO g e 8 T 3 —
fH o DAk fr 8 550 9 7E 45 7 T 3 T MOPSO #11

NSGA-II,

560
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-----NSGA- I

MOPSO

550
540}
530,
520

15 YHERIb

510
500
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EAREL
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Fig. 3 Curve of pollutant emission objective
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JESARYC:
K4 R BRI 4

Fig. 4  Curve of fuels cost objective
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[A] B 25 2 A %41, INSMODE 75 3] (1) #% 35 fi BRI RN TE R 45 H AR A5 20 S A4 4 8 B %2, 40t
LB LR R 2 2 5 MOPSO Fi1 NSGA-IT B5 R PR 40 1 8 B (5 8, 7643 10 7 1% 380 v 78 R i
R0 T 0.0038%10° F1 0.0166%10* $, 385 fe i 15 DEED [H]#5 [ A9 £ s o

e BT A B AR 1.16 1 5.28 b, HE AT % 3 4 T INSMODE # £ 37 o i b 45 4>
BB 23 50/ 0.0037x10° F1 0.008x10° $, 755 I Be AL 41t g | i 3l 970 42 58 L D) 3 B 19 458 v
HEBT HIFEAT 1.05 #1407 1. B HLAL e L g YA A L AR A G 3 R A

AT MOPSO #1 NSGA-IN A3 BV A s ] 181 5 7, 0 & i O 9 2 4L 5 0 2 ) % £l
47T INSMODE 32/, [NIb, A SCRILRE IS 4R,
#&3 INSMODE HI{EH
Table 3 Optimal compromise solutions of INSMODE

B WAL ) /pu Kb/ V26 CETAE Y
BlLer 1 Pl HLAL3 Pldla  BL4Ls P46 pu T /pu pu pu
1 0.3440 0.4439 0.5873 0.6993 0.4728 0.5302 0.301 0.0907 0.0332 3.25
2 0.3613 0.5730 0.7318 0.7163 0.6548 0.6194 0.301 0.0140 0.0435 3.90
3 0.4054 0.5358 0.6091 0.6916 0.6831 0.5274 0.301 0.2105 0.0429 3.50
4 0.3670 0.4132 0.5607 0.5413 0.5590 0.4257 0.301 0.1378 0.0302 3.00
5 0.4083 0.4165 0.5767 0.6505 0.6550 0.5071 0.301 0.1267 0.0384 3.35
6 0.4538 0.6082 0.6969 0.8031 0.6235 0.6384 0.301 0.0710 0.0540 4.00
7 0.4516 0.6508 0.8446 0.9484 0.8826 0.7374 0.301 — 0.0663 4.75
8 0.5411 0.6795 0.8669 1.0395 0.9499 0.7232 0.301 -0.0283 0.0795 5.05
9 0.6142 0.7181 0.9136 1.1556 1.0213 0.8199 0.301 -0.0047 0.0983 5.45
10 0.6913 0.6799 0.9831 0.8903 0.9083 0.8500 0.301 0.0046 0.0992 5.20
11 0.5521 0.8352 1.0123 1.0606 0.9841 0.8506 0.301 0.0020 0.0939 5.50
12 0.6816 0.7932 1.0440 0.9636 1.0475 1.0397 0.301 0.0055 0.1151 5.75
13 0.5278 0.7214 0.8906 1.1229 0.8936 0.8363 0.301 -0.0419 0.0855 5.25
14 0.5527 0.7372 0.8430 0.9751 1.0272 0.7659 0.301 -0.0327 0.0848 5.15
15 0.5467 0.6085 0.7912 0.8808 0.9058 0.7885 0.301 -0.0027 0.0751 4.75
16 0.7014 0.8168 0.9274 0.9095 1.0012 0.7436 0.301 -0.0030 0.1039 5.30
17 0.5620 0.7294 1.0170 0.9950 0.8795 0.7483 0.301 — 0.0821 5.15
18 0.6391 0.7971 1.0458 1.2629 1.0207 0.7656 0.301 -0.0236 0.1057 5.75
19 0.6217 0.7006 0.9160 1.0474 0.8816 0.8778 0.301 0.0012 0.0948 5.25
20 0.6311 0.6797 0.9537 1.0015 0.9593 0.7898 0.301 -0.0258 0.0919 5.25
21 0.5257 0.5847 0.8083 0.9391 0.7771 0.6958 0.301 0.0003 0.0677 4.56
22 0.4611 0.6781 0.6776 0.8722 0.7266 0.6027 0.301 0.0075 0.0595 4.25
23 0.4472 0.5010 0.7106 0.9158 0.8605 0.5783 0.301 0.0096 0.0548 4.25

24 0.4411 0.5787 0.6870 0.8193 0.6778 0.6188 0.301 0.0713 0.0524 4.00
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Fig. 5 Chart of power balance verification
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MHEZEER BB A% 5t88R A SO
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fiffe Ko AT v gt 6 I 1 A s B & F LR B T ik
A3 L 4 R 6.
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e ARERY A o A A D AORRE B P AN e A0 775 G HE
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Table 4  Extreme solutions and optimal compromise

solutions of different scene

Y EE7N 154 HERb BRELSR /S
25k 497.46 2.4333x10*

: WAk 492.43 2.4673x10*
eSS LN 497.61 2.4435x10°*

? WA 493.20 2.4676x10"
eSS LN 571.74 2.5565%10"

’ SR EdNN 507.54 2.6734x10"
2 A 571.80 2.5683x10

* 2SR LN 508.30 2.6866x10°

6.0 +1)L§E1 P
- +- H12H2
I 7 AV, \\

e ;WEA;’/

HIHH H1/pu

03:00  7:00

11:00 15:00 19:00 23:00
ihgd

Ko AlFgst PO T

Fig. 6  Units output power of different scenes
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MULTI-OJECTIVE POWER SYSTEM DISPATCH WITH
WIND POWER AND ELECTRIC VEHICLES

Zhu Yongsheng, Qiao Baihao, Qu Boyang, Yan Li, Yang Lu, Li Chao
(College of Electronic and Information Engineering, Zhongyuan University of Technologyity , Zhengzhou 450007, China)

Abstract: To cope with the new challenges of power system dispatch bring by the rapid development of wind power and
large- scale use of electric vehicles, based on the Weibull stochastic description of wind power and the hierarchical
scheduling strategy for electric vehicles, the multi-objective dynamic environmental economic dispatch with wind power
and electric vehicles model is proposed to minimize pollution emissions and fuel costs. The model takes into account
constraints such as system power balance, system loss, spinning reserve and users travel demand, and battery
characteristics etc., and vehicles network energy interaction behavior. An improved multi-objective differential evolution
algorithm based on non-domination sorting is proposed. For the characteristics of the model and multiple constraints, the
decision variables row-column conversion method and the constraints adjustment processing strategy based on dynamic
adjustment are proposed. Finally, the 6-unit of the system and four scenarios are researched. Through the dynamic
scheduling management of new energy access, the rationality of the proposed model and the correciness of the algorithm
are verified.

Keywords: power system dispatch; wind power; electric vehicle; differential evolution algorithm; multi- objective

optimization



