U ER TR

2019 4£ 9 A Electric Power Engineering Technology H38E EHSH

71

DOI:10.12158/j.2096-3203.2019.05.011

75 8 SR Bl . Y L Bl T HE i - G FRL R i [ R A

RIAE, TR, BA, AFR
(CARERA S T AR B, 55 AT 210096)

i EaEERFHAEEFA B EAERE RETEHAE AL BBl NP RAAXNER, 3R FEAH L
A ER R AT, A Ea B A, X AEARINE R X, e A ERT L HEENAE, I FA P e 8L
W R A, iR R 6 B A BB A TR WA 7 b, AR AR R AR R & ki R W
38 64 IR 5 AT, AR R R R A R, R RAR T B AR A, BB KRR RS AL AR ik, E it
CPLEX st itk A0 19 Mt AT K AR, SFadad 13 37 S8l W 2 Zoxd 3R B A o AR BL M 2 A BE4T T s 54, 3+ BT 4

kAT T Ay L AE,
KRR Bew W ; 30 B R AR A iA &
&4y KS: TM75 XEAPRAEAD A

0 3|7

UTARR T I RE IR 2R T A, W B Ak
ASEBORIBOR, U £ 2020 4FBETAF] 2 000 J7 4,
A AESE BN L B3R 4 T Sl O B, o 2 i e Y
PRI 2 AR, IC 10 S MR AR N K. AT, FRL 8D
TR IBIT ST 2 25 P 7 L Bl R4 A S L S T Y
BN B A AR AT S B U A R
WA, 45 G0 1 58 I G 9 LK) A 23 BT, R
K] AP B8 A A T TR ) S L IAL TR IR 1 LA A
F 380 A B ST H TSSO e A T 98
FAE T AEIZ AT P R T BRI AE B
e Fi, o R 2R R ) 852 20, 30 B AR A BT IR 5T, LT
FEEAENS oA AR U5 58 B E ARG 45, K5 Fia 3l
TR — P LA A B

SCHRL 10 JF9E T 8 BB Jy Se i e o A
ABEIR AL IR R . SCRRL 11 BIFSE T L3R4
FEHL G £ 3 Sl C AL R R P R R SCik [ 12 ]
P T S B U s AT B ) SR s S AR TG e 3C
KL 13 PSS 1 28 LI e FEL T PP S P LU L RO
SCHRL 14 T B8 A A RE IR R B B R DL T, HEK
TR RS BB R R SR A BT RE
SCHRL 1S T3 1 25 Jo A X RE R A 52 EL L IRC IDOBUZ
AT . SCERL 16 ] $ i T2 Tt e Fk e |
TR IBCHAC B R GE R AL AL SR A 1Y . LA b Sk B
RREREHL B 74 3 2l 7 HL R -5 R oA 58 AL IS )

W AG B #7:2019-03-13 ;14 =7 H 47 :2019-04-26

AR B . BREMARAIHAEABD L HERELELRE
ERA S LEEFLSSHR BRI Z A" (J20180-
74)

X E 4R E :2096-3203(2019) 05-0071-07

i B a4 LR BBV L (B IR L R ]
)58 LA P R v A S LU I P A E B Y
G BRI T, — 5 10 W Bl 94 Sl i Rz al fik v 1Y
TR AR B AR, 2 L ol BORAS e
ol TR AR AR 5 7 — T 1l P L At R A QR 73 52
L AT DL 2 g A AT, A R A o
%, X TR R B AT RA ERE X

FTUULEE, COh 4R Ehii e R -
PRI A5 R 58 50 2% 16 28 T VA4 b M 58 L
SRR AL BN BR R AR R A A
PARGERRZIR . 180G, H T s A B SRR R
H R B T Bl AR R, U, AR I8 A B PG
B S¥) LBV 2 W= VAR S R ot Sl Ve SN N R
MURIBERY R J5 % BT 2 Hh i B R AR B 047 13 5
SRR GE BT s B R AR AR

1 BEIREEINMRE

HL B AE T L ol ST L I, F ) ] ek P e
RS R AT AT 515, R Sy AR S e
FEL WIS 1] S IR | 5 B 2 A%, DA T 552 B R 1 P R 97
WEAF AT, Jme R BRUBE R A8 I ot A T e el 7 A
T DL A, Xt B SE i 2l 730 3 A4
o (1) FEIX, W43 2 i) B A 22 B0/, TP AR
AN AR 5 (2) ARAPEIX, BLH 22 B HE,
RS A AR Ak, JFG R A S 22 R/ R
B (3) MRANDC, W 220 K, FH P sk S A BR o

BT LA BT, X 4 e A v R Gy Ul 4
=E FE i 1o LA 22 R R A9 A o Rz 2R 53 S X 0
Fets VB FAS SRS T QAT e, oAk DA
S B ) 25 I BEREA T e A% 1 BH 5 Sl AR Y DA



72 R AHLHBEAR

MARTLINPE 1 iR W V567 A e ag ith 2k 5
LIEARAATA o

L HAIX
/
I
c\c I
<_ I
a I
o LEIEX !
X |
ﬁ ol

o Wi Wisp

B ESRRBNE-EBEMHL
Fig.1 Electricity price difference-transfer
rate curve in peak-valley period
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Table 1 System load demand MW
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BT AC DC AC DC AC AC

1

2 1.0 0.6 0.2

3 1.25 0.75 0.25

4 0.5 0.3 0.1

5 0.5 0.5 0.3 0.5 0.1 0.5

6 0.75 0.75 0.45 0.75 0.45 0.75

7 0.5 0.3 0.1

8 0.5 1.25 0.3 0.75 0.1 0.25

9 0.85 0.85 0.85

10 0.5 0.5 0.3 0.5 0.1 0.5

11 0.5 0.3 0.1

12 1.25 0.75 0.25

13 075 0.45 0.15
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Table 2 Planning model parameters
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Table 3 AC distribution network planning cost
FET

MR
$/% sub

T 80 34.72 16.57 110.86 0  58.69 57.94 358.78
30 80 33.6 13.51 97.35 6.82 58.69 56.10 346.07
60 60 33.6 10.79 96.72 15.29 58.69 46.07 321.16
100 60 33.6 10.79 92.23 16.28 58.69 46.07 317.66
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Table 4 AC-DC distribution network planning cost
FER

Cine  Cyse € Coa Cuy  Cpe F
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WKL
Y

T 80 19.52 27.11 110.86 0  58.69 49.23 345.41
30% 80 19.52 15.24 97.35 6.82 58.69 48.57 326.19
60% 60 19.52 11.20 96.72 15.29 58.69 39.72 301.14
100% 60 19.52 9.98 92.23 16.28 58.69 39.50 296.20
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Table 5 Charging load for each period MW
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WA/ % WENTBLSUE  FRECSU AR B
KR 8.4 5.4 2.4
30 6.5355 6.5355 3.1290
60 4.544 0 6.448 0 5.208 0
100 4.544 0 5.828 0 5.828 0
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Table 6 Subsidies to active response

E75/(kW-h)
—— = B R G
TF 0 0 0
30 0.062 0 0.157 1 0.032 1
60 0.085 7 0.157 1 0.065 1
100 0.085 7 0.200 0 0.085 7
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Collaborative planning of electric vehicle charging station-distribution

network considering active response

ZHANG Yating, CHEN Zhong, DUAN Ran, HUANG Xueliang
(School of Electrical Engineering, Southeast University , Nanjing 210096, China )
Abstract: Based on the active charging response of electric vehicles, this paper proposes a collaborative planning model of
“electric vehicle charging station-distribution network”. As a typical DC load, the electric vehicle has the characteristics of
active response which can be used as a planning consideration factor to adjust the electricity price of the electric vehicle in a
time-sharing manner. Guiding the user to actively respond to the change of the charging price, and shifting charging demand
from peak to off-peak periods, which can reduce substation capacity. In addition, this paper uses DC feeders to replace part of
AC feeders to meet the increased DC load in the grid, reducing feeder investment in the grid, as well as the total planning cost.
In the end, the mixed integer linear programming method is used to solve the optimization problem through CPLEX, the 13-
node distribution network system is used to compare and analyze the AC distribution network and AC-DC distribution network
respectively, and the proposed method is verified.

Keywords : distribution network ;active response ; collaborative planning;electric vehicle
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