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Optimal microgrid dispatch considering stochastic integration of electric vehicles
MIAO Yiqun',JIANG Quanyuan',CAO Yijia®
(1. College of Electrical Engineering,Zhejiang University ,Hangzhou 310027, China;
2. College of Electrical and Information Engineering, Hunan University,Changsha 410082, China)
Abstract: Based on the statistical regularity of EV(Electric Vehicle) driving,a model of optimal microgrid
dispatch in smart EV integration mode is proposed and solved by CPLEX,with which and according to the
requirements of EV owners,the power of renewable energy and other loads,and the constraints of EV
charging/discharging ,the microgrid dispatch organization generates the optimal operating strategies for all
devices in microgrid,including EVs. As an example,the dispatch of a 14-bus microgrid is optimized in
random EV charging mode,off-peak EV charging mode and smart EV integration mode respectively. Results
show that,EVs can be economically used in smart integration mode as the distributed energy storage
devices to coordinate with the centralized energy storage devices in microgrid for load shifting.

Key words: electric vehicles; model buildings; microgrid; optimal dispatch; MILP



(8]

& 9 B %% ¢t %

8335

ASRE LRI ) FH P SRS L AR AR T B L 13
PR H B T 28 T V-1 3t A 22 4 vfi U 0 = 72 TR
BITIE

IR BT NS G 32 B X TF PR S AT B TEHL
M7 5 T R 7Y A3k FRL ) 3uf i v s P 1) e AR L B T
WEFE A BEA il B T IR & A SR I T —Fh
FE T Z 0 AR LR A 0] U AR 7Y ) 24 8 mp e TG R ) e R
HLRE AL O3k o B o T T AL B R B OE A S R
PRSIV RS SN B cvaZ 32y ESEE o Sl
Jit G fiif 2 18] (4 22 JCAR S P [0 U AR | s 7 e S il
b BT IR L R R B AR R R H bR R R
AR N—1 BEef 22 AT 28 it ity 208 2 e A2 g
o PR K T A BT 2 ek R Sy 249 SRS 1 ) B R F
0 5 KA FiL RE T SR AR IR T 41— oL ) B
EPAHZB TN 2R iR A, ) lid 8 4 K
S ATIL LR IX 2015 AF AL XUER E A 19 530 451 6 i
T RSO 7 15 (8 Al AT 1 R S

1 PR A IR B A R ) 2R 45 44
1.1 EREIM R Hi% it L

AR SC AP I X 2015 AF A0S i L 9 (]
1 J7R ) g 8156 WY e s T P IO ) B 76 AL R T R 6 4
LI IZ AT I £ BE D % 25 A A B8 2 20 o i Bl
FEL X 2 % A R R A ke B ey e
ANBET AR L 1 Ry S R IR A T AR M AR R 2

B AR v Y [P A

FH L 1 AT UL IZ AR EE R DL 110KV 28 HL sl A rEL I
f 10 kV JFHA U738 3« TF 57 F- B 45 43 R4 Bk 2 A4~
J BRI H 9 2% ) 32 1 R 4

A H 3 28 T A T B I P T 22 T 359 SR FH WL T e, 45
HERL 2 AR S SR T P T e AR Rl
Hbr L N IR 3 8 110KV AZHL IR T 10 NI
Fr AT MR 4 ) 110 kV A fL @ 16 S TF
VAT AT L R AR F 5 O P T 2 ) 5 AN A B
far | Bfar 5 T DA JOT i 5 4k B AR R
1.2 WEWMBEEHEFR

a. SCBL T R RSy XA b e DX AT BV M
b A8 TS BEC R N [ sh 4k | [ B R BT L U R A
o v 1 SR

b. L AT EE AR AR & TE N IR ERIN A —
JE 110 kV A8 HL Sl (1% B0 R, PRI 9K B Sk 5 22 471 fif
AT AN () B H

c. 5 % PRI A BR A e R AT SR FH DR/ L )
A FEL IO 22 ) % L P 0 1) L 2 I3 B 110 kV AR H
vl 10 kV BEZFIF BT 10 kV BEZRER S 73 BEiB AT |
110 kV 2B HL3b 10 kV 042 2 B2 U0 H 470 #3F 56 4 it e
% P, S 7 A DT I 2 4 BT BE ) =2 N

d. BATATHERIRE A A4 2 i W A 43
B e Sl vEAl PA At ey S K e g a2k . i T
RIS AT LT B A O D H P A PR R A K

It 1A Fe PARGINA PARGINA JF 1A B
W1 w2 w3 W4
K1 K2| K3 K4
K16 [FF @ K5 JF- 4] i
W16 A w5
JEERT|  [JFEB| [JRRRT
N2 N3 N4
7 KIS G
;%) %vlvﬂlgjr T 1.2 o L3 L4
NI | 7 \UHE =
K14 %L% i D
i L5 [JTH
Il T —L1=" N0 4@5—————H£ﬁ K6 [JFHIT
W14 A i w6
WEf— | WG
PARZINA
K13 N9
TEH s L7 L6 K7 [EmE
W13 L_ﬁ%%;ﬁﬁmﬁgiﬁmﬁ w7
N8 N7 N6 |
K8
PAREINA PARGINA PARGINA I M J 01 e
w12 Wil W10 W9 w8
K12 KUL_éﬁere K9
i ¢

B 1

BLE 2015 4 M %I WAL B W 4544

Fig.1 Structure of 2015’ planned double loop distribution network of Kaili
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Tab.1 Initial value and range of
switching station loads

N 1 Faf 4. X . 1 Faf 4. oAl
AR g mon | PTG w
1 8.7 5~9 4 8.6 5~10
2 7.6 6~10 5 7.1 3~8
3 5.1 3~7 6 8.4 6~10
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Tab.2 Extracted power of switching station
load from transmission line

T P BT 7 £ ok £ g% 203 24 19 DL/ MW

TR dlfa LREEDL A LI Llte LS
1 7.9825 0.2728 0.1059 0.0002 0.0362 0.3024
2 0 54747 2.1253 0 0 0
3 0 0 5.1000 0 0 0
4 0 0 0.6547 7.9453 0 0
5 0 0 0.0027 0.0326 7.0648 0
6 0 0 0.0003 0.0041 0.8979 7.4976

kYR 79825 57475 7.9889 7.9822 7.9989 7.8100

XFHRF 2, LA b A, nT )R 57475 MW
3 A B4 F L BT 1 o 0.2728 MW, 43 BiC 45 F 41 i
2 M 5.4747 MW ; [R1 B UTF P BT 4 SR ) Al 230 H: 4 53]
M ¢ d ELT#E 0.6547 MW ,7.9453 MW,

FEAESTF P JIT 1) 40 far 30 BBl A 38 2o SRR 3 1 A
FUTF P T 4 A g AR Ak 43500 ER X (1) TH A T AL T A7
o X £ 3% T 2 0 T OIS B, - 2 =8 (5) AT (6)
FE LR B TR0 T I A BT B fer | S5 SR N SR 3 TR

%3 BAMBENTHFMF AR

Tab.3 Switching station loads under maximum
power supply capability

JF1AL B A/ MW TF 1L B TR/ MW
1 6.74 6 7.92
2 10.00 7 6.70
3 4.60 8 9.96
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Fig.3 Comparison of results between regression
model and power flow calculation
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Tab.4 Transmission line power transferred from

switching stations to substations under
maximum power supply capability

2 % 1L D) 2%/ MW 2 % L5 D) 2%/ MW
a 8.000 d 8.000
b 5.979 e 8.000
¢ 8.000 f 8.000
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Tab.5 Switching station loads under maximum
power supply capability

JFART i /MW | JFRIT s /MW
N1 12.00 W4 8.79
N2 6.42 w5 4.00
N3 4.00 W6 9.81
N4 5.12 w7 5.51
N5 4.00 w8 10.50
N6 8.87 w9 12.00
N7 8.33 W10 6.73
N8 4.46 Wil 9.72
N9 6.67 w12 7.48

N10 13.00 W13 9.78
W1 6.76 w14 6.46
w2 5.60 W15 7.87
w3 12.00 W16 9.87
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Tab.6 Transmission line power transferred from
substations to switching stations under
maximum power supply capability

B R4 /MW 2 1% R4 /MW
L1 7.02 K4 7.52
L2 7.64 K5 7.40
L3 6.23 K6 7.93
L4 6.85 K7 6.92
L5 7.59 K8 8.00
L6 7.98 K9 7.25
L7 7.82 K10 7.87
L8 7.63 K11 7.99
L9 7.64 K12 7.80
L10 7.07 K13 7.41
K1 7.81 K14 7.80
K2 7.05 K15 7.06
K3 8.00 K16 7.98
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Tab.7 Comparison of results among different algorithms
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Maximum power supply capability evaluation based on multivariate nonlinear

regression model for medium-voltage loop distribution network
WU Yunliang',SHEN Yangwu',LIN Chao',PENG Xiaotao',SUN Yuanzhang',XU Liangzhu®
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072, China;
2. Kaili Electric Power Corporation,Kaili 556000, China)
Abstract: The load of dominant switching station is determined based on the power flow tracing theory and
the multivariate nonlinear regression model of power allocation between transmission line power and dominant
switching station is established,based on which,a maximum power supply capability model of loop distribution
network is built. It takes the maximum sum of substation output power as its objective function and the
capability limits of main transformer,transmission line and switching station under the grid N-1 power supply
security standard as its constrains. The sequential quadratic programming algorithm is adopted to calculate its
global optimal solution. Results of case study for an 8-bus loop distribution network and the 2015’ planned
double loop distribution network of Kaili verify the feasibility of the proposed method.
Key words: medium-voltage distribution network; loop power supply; maximum power supply capability;

models; sequential quadratic programming



