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Abstract

A large number of electric vehicles will become a new type of load and put forward new require-
ments on the distribution network planning. The improvement of the electric vehicle charging fa-
cility network is an important factor in the development of electric vehicles. In this paper, a dis-
tribution network planning method considering electric vehicle charging stations is proposed.
Firstly, the battery characteristics and operation rules of electric vehicles are introduced. Second-
ly, a Monte Carlo method based on probability distribution statistics is used to establish a load fo-
recasting mathematical model, and a solution idea for solving the electric vehicle charging load is
proposed. Then, considering the minimum total investment and operation cost of the new lines
and electric vehicle charging stations in the distribution network as the goal, a mathematical model
for distribution network planning including charging stations is constructed. Finally, the distribu-
tion network with a voltage level of 10 KV is taken as an example, and MATLAB and MATPOWER
software were used for simulation by setting reasonable parameters. The simulation results of the
numerical examples verify the rationality and effectiveness of the model.
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1. 518

IEAESR,  BRIMVR L R ACHESORI A A e s ek B V8 6 5 | A2 AR PR S5 Ak, 1) AN TR DRI [ 1] o AH LG A SR BRRHA
%, HBIR % (electric vehicle, EV) R H B AT TE NG & w8 AR s, mTREARA 35U M HER,  [RIRHk> A2
XA BRI ARG, BT At 5 K ) R (s — ARSI TR, 3 Al F S HORE R A FL Bl 2 1)
HETFNSLH A AR R AR (Db SR 34 [2] [3]. Bl 70 Hwh DA R K B e R (00 T, FBIVR A MG e
BT, 2 AR [ R R SR I AR F sl RN X BRI, T PR R ) ARG P R Y 1
P2 2, Hrb R AR E R, S T A A I S 8 AR A TE D B R (4] TRC HL
LRI 5E 380 K AR FE NIRRT R, ERE SETZe 5 RNEL T, MRS S5ETRAR
i, DAWE B B BRI A AT f5 k. Rk, WF 9T L Eh7R 4 78 HEL i (electric vehicle charging station
EVCS)AIAC H W 1) ip (R RI B A B 2 S

H AT, B 4O FH DG SCRRT 78 sl DL ACBC ) PRI 2 T 78 . SCIRR[5) [6] [7] [8175 FE i S A ]
AP R e FCH R v A BESE AR 2, $R 7 ARl A RIS A . SCBR[9]ZR &5 8 T4
BN De NS Y i TR VS e il R it S S AN EN T P P S 6 P e B SN 7
N HEL I R A ) 7 SBR[ L0t A BRI K 7 b, DA/ NMGHRIE AR RV DA . S KAl 7 FRL s i &
N E R, BTGNS 7R 2 H AR 5. SCER[ LT3 I 12 22 B KAV AN R Wik T
SE 70 FELG ARG bk b A5, T A7 i i Ve P B IR T BT A N AR SR SRR R A A0 FEL A T, 5 PR FEL Y 28K 2
e, $2 T ORA RN F7 25 SCRR[L204s 70 F sl R DG 43 3125 FE , — 2 AH EL A ST b 4 N T 9 R K1) 117 e 5 A0 ot
FENAEE JCREM B EZ BRI, St 7 —ME DG MHF)ZEMEC R TH R 7% . SCHR[13]
BT i T N T ] o E R AR S S P N E VAN I S92 07N > 4 NN T2 17 =8 AN L B R D=y B v
(1 B SR 2R 70 H i 5 0 A7 QLR A IR AR Y SCRR[14] 75 58 1 43I 70 H B Il 78 AT A 11 e ot 1
RIfsgm, $&H T —Fh VR4 70 H s T R B R RRI TV, B E S A B B R L AT T AT
SR, XS SCHR AR 7 32 24 rh T 7 ety b e 2 B T F P R, e 79 2 U K e S A A R
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5 H 3 5 I 5 M 7

AR T — R B A R IRV, A T B A Gt 324 ikt or
TR, IR PR 2k b MR 5 A (R MR A L
IR A AT TR, UAEITEE. ST, g i R A B a1 A R
N ERR, S T4 R AR B 0 RV g 92 e 2 s o T
LI i
2. BEREHMEHY

2 Ao o T DL FL 2 RS SOC

S@ﬁ=ﬂ®+fa%jmt M

Kok, (i) R, Bl A, S(4) FIS(4) A BTG A G BB RATR S C, (i) ozt
AR, B AN,

AR USRI, 5 SN S0 Mt 25 G Mt 08 FTBE 50 75 M s,
R ST 2 515 MR s T A G T 1 — DR 6 st o P 6 K 40
B, RIS, BN, IR AN b, B AT (A R, T
BTN, FEHORBE AT Boh, BB R, B, BURRE, SR
ey

T SIS i, 7 B A FE G A AU LR, 244 SOC, TR
[0 11 206, HIEhAE e — R RR SR B LR A F I, BB, FEhAE ¢ %)
LR A S (1) FT2R -

S(t) =S, () +AS, - || Vi (1)t @)

Reft, AS, % HUFT SELG SOC BN, S, (1) WFFAAI ZIIFLIL SOC fi1, v, (t) 2o ik ORI
PR, & BBV EAEAT T AR SOC BER 8] N R33N ME, R RNENREEATRBENR, FHE
1E B3 78 F it AN A L RE .
3. ERENRZE 7T 02 far
3.1. HESENEITHE

HAR ST e — R EREHATE . FRENZ. BREE. ERI MR s g, K583
) e TN DA e . BR E TR BT ZI IR S BT IE S0 A

1 C(x-m)
O-\/ﬂ exp{ 20_2 J’
f -

" 24— 11 Y
L ol X ZM)
aﬁﬂ 20

M —12<x<24
®

Jy 0<X</.lt—12

X M o 3 TR R TS %
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F8 AT TSR R AR 78 77 SRR SOC i 78 N ) o b T~ RS LI, L Pl v ) i =X
HH:
(1-s,)C
R

T= ” )
X s ®onidls SOC, C,, Kol AR, B RalhR.

xR TR A, RIS 2 7S R T

_ (522 —Sx )Cap
TR ©)

Rof: s, TR RM A RE, s, R SOC, C, RnHIAR, P, RrRKHBIIE.

it2lh SOC 5 Hzhi< A HATRIE B B Aok, — i &, HATREREH AL BRS04, X RRIA
LS N

(d-n)’

e 22° d>0 (6)

1
d:uo)=
g( # O-) \2no?
X p Mo R R 2.
WG SOC KA 78 i I (P OGS4, 5 Bh HATBEE B mT LArH5 445 SOC {H, HRIEXSEN:
SOC = (l—di]xlOO% @)

e d JBRIRFE I F RS RS 2R SERRAT B A B d DT FDIRAS TR RSN ZE AT DT BB oK AR SH .
3.2. BERNREFXRATHITE

AR AR E B A AR 7wy R R, HAT, Eah A EM S FARK AL R E
Ik A EE R R . HEEh A4S H AT Bk PR B9 7E 350~400 km, FERTHE MK, HENFKE —KIEH
REEFT IR, R TR R I TIE 40 KW, H I8 D3RP A 30 KW;  HEhfL
FIARAE A [ 3 e i 5 e R B PRI e v, 3 B 78 s 20 7R rR D) 3R T Ik 6 KW, RO 7 i e
X FRBEIFE BN 15 KW,

AR 5T M2 00 A0 Gu v I SRRV 7 VR0t R BlVR ZE Je r AR fr EAT TR . AR PO AR e ik, S8
RIS P R R S AR B2 D R B ARl R, BROKPRA T [ RESR AR IS, SR TR AT 7 (8, RetgAb B
U2 GEFTNEAE MR R E R . I\ — R A TR I ] B, R & Fh 287 2245
AT BRI, FhECI4G SOC DL AR ZEAHAE & B T 7R FLIN B sn F A, A& I B 75 2 78 Fe K L3 42
Ko, RS & BRI ER R E, A — R oK 78 B A R

4. BREBENGFTTEMAE M IRARE
4.1. BfFEH
45 HE DT PR 7 A G T PR 2 7 ML S BS AT A BN FLER S H AR ER 5

minF =C, +C, (8)
C, =2 Mx+T> 0x 9)
leD leD
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A C B IR ANEAT AR Z A C, N Fe sl S BERLB AT AR 2 A T ORI D il
EEHAES: M ONE | R REG O NERBRIFBIT A RE: V vt a: K,
NI A R S, MR BUE AR ¢ MR EEEBIT ARG x v 0~1 2R
B, BUEN 1 ROSBT S | SRRk, HUEDN 0 FORAVET S | 262k y, v 0~1 AR E, BUE N 1R
AN G TS R S AT B, BB Y O SRR 16 78 FRL sl it e AN EAT P

4.2. AREH
1) ML R EA:

P=V, zn:vj (G cos; + By sing, )
j=1

) (11)
Q=VdV, (Gij sing; - B; cos@ij)
=1

e BAIQ R Al MIEANG AT V, Ron sl i (HREIRE; G AT By A
SCERHLGN; 6, AT AT | ISR ZE
2) 1 LR AR R BRZTA

Vimin SVi SVi max (12)
s Vg BV, TR § AN A VR TR,
3) LKHARLN
|SI | < SImatx (13)
e S RIREER | IAEHThZ, S, RS | AR D% IR .
8y AR R AR
Z Pv + z PI < Psub
veV ieN (14)

ZQV+ZQi ngub

Rt N FR G S, V FR A s Py 1 Q T8 MR L0 S RIE T I %
P Q, R AL G tar 15 RUHAE A MG D) Ty %, P, A1 Q, NFu fulh v AR A Th LT T

5) X7 LR R LR

VZV Y4S = Sqemand (15)

b S, NHHETS B v IR AR, S, AMRIK AR, y, A 0-1 BHAS R, IUE N 1 %
TRPFHESHE AT B, MR O 0 Rl A TR . 7 M 2 A8 R 2K T T 7 i i )
BAER.

6) MZSHRFIRZ

DR ZE 458 K xof TG FLRH T 35 AR DR B, T X ) 4 SR 2 I % ()8 M AR SDIRZ0 TR, I BRANRE
HE EILAI ) B I 254 o SR SLINE R FH SCRR[15] P42 I F AR SR 2D BRI RIRy it i S i 8 5%
T ST S
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5 HAAE

B X Sl L 423k 200 4%, HAHEZNHESHIRFES H—F, RARERBER, 7
HL D25 25 KW 1 de R B A = /N8 v 7 I B, Sof 7 F ) L FH 22 78 FRURE B %209 0.2.0.5 A1 0.3,
AR - I BOHER 9 0.1, 0.2 F10.7; BUE — it H R —ik, HAR A 78 Bith gy RS (R
F 0.8 B A & BT AT Ays WS SOC IR IEZS /35, HizhHRLZE R 4h SOC i & N(0.3, 0.1%), HizhfA
FAEHEE SOC i /2 N(0.6, 0.1%). 78 L ffmr 07 ELIR AR 40 R

1) BN ER B A R ES BV ESE 100 8, AFEIRERRECHN 100 ], BIKIEA j,
HAIRE BN 15

2) IR AN H A A B AL SR R AG SOC IR 1 IEZS 731 ek Al B SOC;

3) WG SOC & 75 /2 78 L2k, HIEEAG SOC A AT 0 /T 0.8, 25 /2 78 B 45 1F I B
TH— G B RNTE R HBAT N, BIFHEIIER O

4) B b A B R AT A B R R A, AR TS R B, MR TS AN ER R
FEL IR B 7 L ) ZE A 4

5) THE PR S BT B e AT, PRI R A S 100 R, #HEA, W4ksk; # j=100, MK
IE4T 100 G W2 2 % B B e B D) e (1P 2504

6) KRl — i B i) s s A R R S AL K A R 0 R T S PR AN, 43 B8N 70 rEL B 8 TR R

7) RS TR B e HR AR, 45 B — R R R R LA RN

il MATLAB 1/ B9 21 78 fL ffufes F0 45 a3 1 fios:

Table 1. Charge load prediction results
1. FREAFIUNER

75 LA B L B—) () We (i Bt =)

L E it HHLZE BRE A2 MRE HAH BRE
7o AL HRIKW 500 250 1249.8 495.25 749.75 1729.8

EiHKW 750 1745.05 2479.55

f 7 1 AN, %X S K TS TR BRI B =, % BORA R A 7 TR ] B KT AL S B IR,
HEFEHIIE R/ A 2479.55 KW, %) 2.48 MW,

LA 1 Fi7R 10 KV BC H R, o B 37 40 7o H sk RO TC XR84T 5 L o BB 26 3R T T S IR 2R 2
ZIRINA 20 AN, WAL AR, N A 2-15 R0 17 ARG G s, WOE T S 164 18, 19 T 20 Ky
Fe SRR L, RURIAERR M 5 4E.

ZIX IR RN 2.48 MW, WHIENRE R AR DIRE RN 0.9, MAmH MG 2.76 MVA.
BRI E A TS S, SR 0.89 MVA, ATl AL 0.8 MW FIFEHL G, 25 —Fhh 0.98 MVA, w32
0.88 MW [ 78 . £/t fif o

VT 78 L AFIE T A 18 AT A 19 KA EE —Fh A 28T, 7o Hawli A R S& 0 220 I TT/IMVA, %
JE 78 FL S RFIE T A 16 AT AT 20 (SR 2R M AR IR AL, 7o H s B 2R BG4 43 il 9 180 JIJG/MVA Al
200 J3JC/IMVA. 78 Ll AL BAFRISAT AR 1.4 Ji 0/, RERFIBAT AN 2 T3 70/ . BEsR R IR{E
W ZE N£5%, LB E FIR NV SMVA, HOjEE, #WEDHBEGREAEIERK, A EAREET
7%
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FIH MATLAB #l MATPOWER X513t 17 3K il . SRAFFLRE a1 2 Firow:

Figure 1. Example node diagram
1. B =E

Y
B, WHER

Figure 2. Flow chart of example solution
2. BHHIKRERIZE
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DI FORMFTIAT, T IR LT HONI 78 L B A 75 SR IOk R B & 508 AL, Jlid MATPOWER it4%
P2 AL, 2 S R BRZTR L R R B AR S A 204 65 i, T A Ml A B AT UG W€ N — ML
KIE, AR s fR Y 2. Bk, BB ARFMF &R EIL 65 M, @it
18 7%, SHTEEFEHBEECROY 3, T EISAT PTG BRI A5 R, RN, 9SSR A SO R 77 v AT
e, GEFE TP HA T RS U7 KT TR, g 2 MR 3 R .

Table 2. Planning results of different schemes
2. FEIFRMMRIER

L7 % TR LR 75 HL s BE Y R
R ITH Li-L7 Lio-Ligs Loos Lpp 745 16, 18, 20
TR~ Li-L7v Lig-Lass Liz-Ligs Loo-Lao A7 18, 19, 20
I - Li-Lov Lyg-Lazs Lig-la 745 16, 18, 19

Table 3. Cost comparison of different schemes
= 3. FEIFHRIRALLR

wre T LT T bR 37 BT
RATT % ﬁ 8557 588.15 9145.15
Wik 9174 606.92 9780.92
FRZ 9475 587.32 10062.32

XL SRR, A SO TS S DU IS AR e /N, 9 9145.15 T3 7T, BT kit dd Li-Lys Lao-Lass
Loov Loy HEEAIHEZNRGE AN L 16, 18, 20, XML AR 3 FroR. HAT s d R0
DU R A BB Ak 4 N2 5 .

Figure 3. Topology diagram of optimal planning
B 3. |RIMAKIE Re9FRIINE
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Table 4. Load node voltage of the optimal planning scheme
4. BMANHGENOE T RBE

BT S 2 3 4 5 6 7
HLE (p.u.) 0.9877 0.9894 0.9872 0.9925 0.9771 0.9829

LGRS R 8 9 10 11 12 13
HLE (p.u.) 0.9904 0.9869 0.9595 0.9633 0.9704 0.9721

U RS 14 15 16 17 18 20
HLE (p.u.) 0.9839 0.9878 0.9612 0.9679 0.9790 0.9629

Table 5. Line transmission power of the optimal planning scheme

5. RIMAR T RELREWMINR

BT LA A TR IMW LA DA IMVar LA A EIMVA
Ly 2.6160 1.7946 3.1724
Lo 2.0993 1.4117 2.5298
Ls 1.8799 1.2421 2.2532
L 0.2505 0.2253 0.3369
Ls 2.0349 1.3243 2.4279
Le 1.9704 1.3168 2.3699
L 1.4645 0.8945 1.7161
Lo 1.6580 1.0504 1.9628
Ly 1.7612 1.1621 2.1100
Li, 0.9099 0.4721 1.0251
Lis 0.4014 0.3107 0.5076
L ~0.1999 ~0.1499 0.2499
Lis 0.3013 0.2307 0.3795
Lis 0.8819 0.4269 0.9798
Ly 0.2506 0.2303 0.3403
Lis 1.1898 0.6811 1.3709
Lo 0.8039 0.3890 0.8931
L2 0.8845 0.4283 0.9828

MFE 4L 25 AR LAE H, ST SR (poul)idi 2 KT 0.95 /T 1.05 LR TE ] 2R fEiA =
W /N T BMVA 2R A%

g LR, ST E A5 B R T R AR SDIRZE ) . AR R R B A HBNIR AR A L e R DA S L
GARIBATAW, WAE T A SCHT 7 A AR 1) & 30 5 R
6.

it

ARSCHR T —F 2 R BB A TS F S O BC R T332, 12T R TR A e SR R8T
0 BT T8 A AT EEAT T, AR P R P IR 0 PR DL B LR 22 IS AT L BRIK RT3 R, DAFE v
BB ANHC PR A B3 B A 2 AN/ N B bR, AL 1 & e HL sl IR C ORI B AR, e R S 3
WRRASER] T Er G, FBIT A REY, 0 & Bahi e e ki (MBS R BEAT LRI, A SCER )7
IR R AE 3 2 20 A AR RIS, B AR R ER G A B/, T8 REL 1 A SCER Y BRI TR )
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B RS PERVE . MR IRFEE R, ORAE T — B BOE R s
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