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Abstract: Electric vehicles are both transportation means and mobile loads. Their large-scale and intensive charging will
impact the transportation network and the power grid at the same time. In view of EVs’ mobile attribute, their charging
demands can be optimized in time and space dimensions through the vehicle-to-grid (V2G) technology. The technology can
not only alleviate the aforementioned impact, but also provide energy storage capacity to the power grid, so as to promote
the accommodation of renewable energy resources and peak load regulation of the power grid. Taking a charging station
invested by State Grid Corporation as the example, a siting and sizing strategy for the charging station that considers
transportation and power networks is proposed. On the premise of satisfying the charging demands of electric vehicles, the
strategy optimizes the charging demand to maximize the energy storage capacity of the station. Firstly, based on the
dynamic traffic network model, the driving paths of electric vehicles are accurately simulated by Floyd algorithm and
regional characteristics, to predict the spatial and temporal characteristics of electric vehicle charging loads. Secondly,
based on the prediction results, the preliminary station location is determined by three goals, maximizing the energy
storage capacity , smoothing the charging load, and the extending the parking time in the station. Then, the optimal location
and capacity of the charging station are adjusted according to the statistical results from the whole period. Taking the roads
in a main urban area as an example, the spatial and temporal characteristics of the charging load are predicted, and the
optimal location and capacity of the charging station aiming at maximizing its energy storage capacity is designed. The

influence of this design on the transportation network and power grid is analyzed, which proves the effectiveness of the

proposed strategy.
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Fig. 1 Probability distribution of electric ride-hailing vehicles”

departure time

HL B 29 22 0 AT B AL R R
KA EE K 08:00—21:00, R AT LATA Ay e, 5 ) 24
ey AT IS Z g W s BE A 06 : 00—08: 0017, i 4 SC
BRL18 I At () pR B Bl , mT DAAS 3 fL 3l ) 2
TR AT 20 2 ) S AT RE

2
-

PYRURWE s U v (2)
LA, =0.389, @, = 7.046, B, = 1.086, A, =
0.066,a, = 15. 610,8, = 9. 667.

R A, HL Bl X 24 28 () 455 2 sl (] 40 4 i it L
H— B WHEALYE 5 4 309 H 4 2T 5 DL K A5 i
WHEBV LR, NKEIRG I BERE, 7T

A EL Bl I 2 ZE R A3 A IR M IE S A0 A . IES 0 AT
o 5 A
1 (T-p)
(1) = &
= (3)

A TR BN N A A A IR b R E 0
FRifE2E
1.2 BEBIMEEV2GHEEENEE

MR AR RE IS R L) V2G G RE R B S HL R
B , SR G RS (PR A AR 46 i Fa RS
(State of Charge, SOC) B 3 VX4 T % | TAERL
RAANBFERES) WA T R
SRS R] 5 A2 ] AT O

T SE R i RE S B 1Y AT R ] R 55 1) ] AT A
RBEAE FL BIVAAEAE At RE 2 5 TS (9 2 72 P AR R

FHPE IR, B Bl R4S TR SE IR 55 (R s [ Sy

(SOC(:h.n B SOCn(ti)) X E
P . XN,

(Soc. () = Socan) X Epun”
P/ M
KT, Ty 3 50 R AR L 3R 4 2 S i RE I Fe
i T 0 R BT ) 5 S, () A 2, B 220585 m 0 952 ) L it
i HUIR A 3 S o o S S 1 RE Y HL B IR I B IA B 1Y
FEHL LI 3 Soc g NTIUEA HHATHIRERE LU B, N5 n
SR A P P 5 Mans Mo 77
SRS n S SR 8 S D RN SR TR RO

BT B R A 09 A] F R 55 6 8], X6 4 gk i

T2, AT LORISRAMEA . A SO 2 HaE)

KA V26 i REHEAT AR R & 1H A 2 MR RE A

. EIEE TR R W A E TR R

% A5 FL 31 A 1 F R D 2R DL K AT A it e
o, ARG R,

T,.=

(4)
Ty.,=

1.2.1 HEREBA TN BIIR
Popiis = 2 AP (5)
P i = z)‘Pdisvz» (6)
P =P + Pootrs (7)
1w
A=1-1 Jiltd, (8)
0 Hth

P s P 535900 ¢ B 20 L VR S 72
HL IR TR 5 A A AR A 11 T R S
1.2.2  HINAZE LA HffRe A &
BT B L BhIR G AR A R EA TR AR X —
mﬁj‘llﬂﬁxlﬂ\]B’J%%E&@hi%ﬁ%ﬁiﬁﬁ%m )
5 3 B 1) B9 T A AL R B RE R R TR
4:7%1

N b
Epaa(T) = /\Elmt,nzz(SOCch.n = Soc. (1)), (9)

n=1t=1

N b
E i (T) = AEba[,lwzz(S()Cn(t) = Socan), (10)
n=1t=1

A E i (1) E g, (T) NS T T P B AT B
R BRI s o Mo, SR IS T) B TR G P TR] R 25 o
)3 N 9 258 BE A fL 3R R0

HEAh , LBl 4 7 H R AN O i e R TE
FEL Dy 25 ) BRI, i P T JRE AN 7 o fL R )
RYIE S SIS W

O0<P, ., SP, giws t€T,,

Pn.rhvz = 0 l e Tr:h.n’ (ll)

O0<P, . SP, gime €Ty,

P, .=0 t¢ Ty, ’ (12)
P s P rome 7RSS 0 0 FL BTV AR AE B

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



c 4 . ﬁ-\/i‘;ig gﬁt'«l%\

% 46 %

Z R B R T L T R RIVARUE T B
2 HRHITERMIZTBEMER S BIREEH
FE v
2.1 HEXEMEE

TECA BN S R M B BT, — Bk
P A5 508 R R AT W50, 338 U B I F AR Bl I 1]
M. N T i — A B RE RT3 )7 ik, A SCH
A B 25 5 T WA Y g — R3Sk 7S I ] B (AR
W bAF P E] R AR B e D HC R R B AR 4
s ] 22 30y B 44 I BE A S BE AL A, 20 285 53 o 68
R LSRR N

G=(V,E,H,K)
V={vli=1,2,,u}

EZ{vijli;&j} , (13)
H={tlt=1,2,---,T}
K={ki,(t)|teH}

S 6 RS A B s VRS IR AT 45 2 B
O A w5 B RS R B B S A H RS
BB 4, T = 7 Kl B B AL TR B 4 50, 38
I FH S £ A1 5, B 1A RT3
AR sk, (1) I PR B B o, BORUIEL. 538
R85 £ G v 2% 45 4 10 B0 405 AR ALV D R Al
. M D ER d, F s

ki(t) v,eE
d[j: 0 Ui:Ujo (14)
inf v, ¢ E

T AR AN A AN P 2 B s, H A A SR D
(15 R,

B2 EEHAIMNERG)
Fig.2 Topology of the test roads

O k12 k13 k14

E, O inf ky
k, inf 0 kyl|
by ky ky O
EAT R, BRSO
AT B[] T AT S0 ek ] 55 4 el B R 5 A ek ke A o
YIFOG . — kUt 1730 BE AR AR B4 B o

D = (15)

O S A B T R
SRR EIHIR, RS HOR
51 AL HE S R T
PSRRI . S TR 0, 2
ST

(16)

Kooy, 0 B G I ) B S A TR B € oM B
i EATRE ST, FH B B A R TE 5 Q,; (1) 2 o B 2 [ Bt
gL Q, (1) 5 C, 0 ELAE Dy ¢ 15 21 % B A e A
FE 5 a, b,y I8 B IE R L, B IE E A AF 9L
e -
2.2 BREFEFER

T AR UL L VR R B AT B B AR, BB T b T
M R B0 95 S R O g A R 2 A, X 2 7 L K
PV S
2.2.1 PIZET O R (OD) s bk

OD 43 #1111z iz FH T 3¢ 38 4 HL RN 18 2% AL
AT OD Z3 B 75 2 1 A7 8 AL 46 Hb AR B, | 2838 I 45
PR BIVRZE B AT R B s XTIl 4 =,
AT 7 S A T AR OAS W] s R) B R L B IR AR R
3P R A O R B A 52 3 e S HE AR B
OD JH /4, OD 4 % 1F & OD /M i Az 0 o X T
M ARV, OD FEFF B, i1 7 R RR2H A, Horp
TAR F B B AT J& i (8] BE , m AR 38 38 308 9 () 515 1
. B, T RARFERT R B T 08 2838 i 4 55 2 (7]
A T A (17)% B BER A B i 1
WERAERE CL, WNIE L €T 50 ] LA 3] 424
BATHRE R

0]

ci=—",1<i<m, (17)
b5
XA CE (1 <i<m, 1 <j<n)fCELE THE
BONTELATS s i o R L 9 A o H B Y L 3R
FRBGE el (1 <i<m, 1 <j<n)URAETHEN
FE LA i1 Ry R A L SR 4 R R S RN H
) 1 R ME 38 5 o S 45 A S b O R A T3 0 FL 3R 42 1
A
2.2.2 Floyd =R

AT I (Y B8 AR e 3 R B A 4324 Dijkstra 53
%5 Floyd B34, Dijkstra 8.9 BE WS fif e AR — 5
P e 30 LA A5 A5 i JL B A2 TR 5 [ AT, R b o — b

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 127

FNPR,E R MABE TR BFAF V2CH A6 A B 3hik ik T 5 R -5

RE NS i A ) LA C 1o R %) P Y e et B A0 [
Floyd 5875 & MUY (%) 22 5 o B AR 580, SRR i
R T SR 4 B AL h 22 5 A 2 ]
JEREAR R . R R T B AR M R A
fEi0, T8 % SR R AT IR AR RS B R AR B AR
2REA ALY ARSI, B 58, Dijkstra 1%
ANBEAL R GURL R, B A S5 2 i 7 A (B AL 202 T 4K
ARAd 1 Floyd 8534 0T DL Sk ai T,
HYK, Dijkstra 57 B35 A Ab B PR R A0 B A%, Floyd
LTI A 2R R SR . SUARSCINTS LT
ARG B PR L PR AR R S) A T AT i R M
IR Floyd B3 T INTE 45

Floyd 592 FH TSR B s 22 0] (9 f o B A2, GR35
) JE A JEVAE e o 26 QL LA T A RT BB A AR, DL
(103 =N I SR S o= N s E O el 198 5 /0 R G = N
AR E A E 3 TR .

T, T A B B SRR 5 Y A R
Eiﬁﬁﬁ%jiﬂiiﬂﬁﬁﬁiE@ﬂﬁf?gﬁﬁiiﬁﬁﬁﬁﬂfﬁﬁ?giﬂﬁiéo
TEA SO FE v, B S AR B 0 s 1 [ 1 [ 55 T
%mﬁ%ﬁfTUW%$%¢L%mﬁ%ﬁﬁll
B S B0 S WG B s R e AT Z
(i) 325 2 1 B A T B B 1), An R 2 A1 e =z (R A
PR R TE55 K

SR L 3 L X i AT AT 8 Y T () 5T A AT T
W S8 A9 sUVE Ay o 8] 5 i), 2 A5 m] LA
AT A AT R ] o X T R T A, DA
Ko A — A ) 749 A5 7, AR ST 1Y) e S (] 38 ik
TR r WY E ] 2 AR A B Gn SR, ) R e
S R DL R B AR iy )l 2GR AN
VBT B 5 e i [ R B A v 9 v T s, EL R T A Y
T AR E R ] S TR

He 2 AR BT R a5 2 [ A e e B ) A T
O AR, AR X — 15 B AT ATl L 3l R 4 A 7 Bl %
&, AT 78 HE i R e Tk 2 25 0F5E

A S Bk OD 43 B i B H Bl VR S I AT 3

o L BNVR G BIPI AR 0 B AT A 46
(Dﬁﬁ%@m%ﬂhi%ﬁ%ﬂoﬁmﬁkﬂﬁ
H b )5 32 H Floyd 52K il %42 . R8Ik
Jrik B S K B AL T — IR AT R A A
M, [7) B 38 5 OD 23 B i Bk iff o T~ — IR R R H
b, A LA b AR B AT S WA UL B 9K A A T B
Lk .

2.3 BRfREEET

R 4l A2 38 X e R R 9 A5 ) B i E H A

(14) 70 H, i 45 B, 38 2 0T 7 H 3 R S FE R A T BN

T

VIEHCRERSAERE D, SRIEHERE V
!

T BT g A (IR T
Tlel)=DLilljVVIillJj]

I ETLEr 1+ T r |

¢
4% JJ+1

i=i+1

*

r=r+1
a :
Y

| kT |

4R

B3 Floyd &R
Fig. 3 Floyd algorithm

BT LA 08 i S s ) AR i i X ) 7 2 T
A 38 19 £ BE Ry % A 3 T 7, 91 8 P 3R

FREAERRTE R U I 0 A . WA X — 451, 5

ANTTZEX AR T AL B

N,
z(Xnar.i - Xcar,i)z
8% = '

A S8 AT T 225X, NS el i

I X, O T BT SRR T
T RS DA P-4 3 A S R T L P TR NV, D T

(18)

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



6 e L R % 46 %

FAL 3 1 SR

IAHL T £ B 401 B R A it B 22 i i e A e DAL
PR, I A (9) (X (10) i RE 1931357 125, [+]
IR RN Ko e S e T /N F e i O
A 1T AR R g Bsf ) S A A

T T 5 1 25 WU U8 F8 PR Al 2O AR R] L H A
SRy A 70 Ll ) e bk e S R v S A R AR R A
R B A AT L K A FE AR —fl A B
BOYE AT e 4 /N R 2 0~ 1 A4 IX 8] Y, 5 (i gk — 2
T . ARG S E V2G i Re i 1 JEERT K R
BIRGTE S HL i NP2 50 A 344 AR 455 (9) |
X (10) . 2K (4) = (18), HbreRECH
E oo ()| +| E (T)]+
max ZT g , (19)

L gy car, gy

total, dis, gy

2 E i (T) 5 E g e (T) I — A5 FTEHL K
RUIRZS MR SRR S A T, Bn H— 1t
JE o AL B SR SR B R T 5 NV, RN AT

G I TR] B PN T A SE e 0 FL SR 4B 5 ST, R
TR IH—AE 5 FE HL L SR R AR I T 2% ¢

3 EHESH

3.1 (FESHIZE

3.1.1 HEIMAESHE

R SCHR [ 18], 117 3 XA 3 ) 24 42 4 o
5 500 % ; H1 2 I 24 4 = EAd FH 2SR L3 B6, L
FEBH TR IF N 45 kW, LA 5N 83 kW -
h, B TKHEFE R 20. 5 kW-h; H 1. 145 0] A1 H 8575
AT 2] AR AR TR S 2. 1 Eh A
A 3E ALY | I 2 SECA T A8 38 X 45 7 1Y) 2 2k el
SV AA TR A U AR A3 B o i PR L 3R
ZEFAT B R S O 60 km/h, IFIA g L BIA ZE 4 R
Fa R AR S AT
3.1.2 A M S5 DL G BRI

SR G E AR SCFE HL U e hE S AR B bk Bk
YL R A7 30k 71T Ty i DX K] 19 6 T 2 X5 3 ) 4 £
SER NI 4 FroR %2838 L B 29 41 URT 49 %
T T R B A AR A A o A R R TR
TS B A RO WS % SeEk [ 21 ] % X 4
R R TR A 1—11) JE R X 2059 4 12—
16) . TAEX (£ 715 5 17—20) (Rl X (5715 21—
29) . ASCHIEBER N ETEMKTIE, %
SCHRL21 g Bl % T 3138 L a, b, y 530 5IBUE
1.726,3. 150 F13. 000; X TR 138 , a, b, y 53 HIHUE
2.076,2. 870 F13. 000,

OFERKXL: O FERKX2: OTHERX: O kX

— AT e
B4 WRAREHSETENBETE

Fig. 4 Traffic network in the test urban area

3.1.3 IURHATOIE . WA H S5 AR

AN TR T RE XA A H AT 07 B AR A 3 S AR [
— ke U, LBl 2 R R T AR A A AT 145
AN DX, A A B D Sk [18 ], s dn &1 5
T~ XTI PR (1) W ep,=3. 20,0, = 0. 88,0 < 5 <
200,

400
350
300F
250
&
1
#2001
150
100
50 ‘ ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30
HRT A

Bs5 BEmRENBHITHEESS
Fig. 5 Distribution of electric vehicles” departure locations

FEL I AR 0 i R R ] A R iR
TIPS o (T N E IR -Z < v I B 1 I S B 1
By ~ N(2.0,0.333%), FCR MR (B0 2, AR iE2E A
0. 333 BYIEZS 1 5 FH S e 22718 LB AU RI B FE
8, Soc e ~ N(0.8,0. 167), H i I EE(E 4 0. 8,
PRiEZE R 0. 167 I IEA 50
3.1.4 WEFEES A B

ARICUHER N5, % E—KH109:00—19:00
MIREREA RIS O o [ A X 10 h BE A O B 6 g
e FF B2, DRI ik 2% B R B A T L R R A R, 2
R TR RE A .
3.1.5 MG A

AT TEEE 14 b5 s, MR 30 10 55 5 %50

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 127

FNPR,E R MABE TR BFAF V2CH A6 A B 3hik ik T 5 R -7 -

i, VRS AN S AE M AT . IEEE 1445
WEST S e 6 Fios o

2

)
T

12

El6 IEEE 14#RfT 45
Fig. 6 IEEE 14 standard node structure
3.2 EiEEHESH
ARSI T Matlab ~F- 15 X5 58 1) 1t 47 70 Hr 555K
fift o FEAUTTE K 09:00—19:00 53 44~ B
(09: 00—12: 00, 12: 00—14: 00, 14: 00—17: 00,
17:00—19:00) SEAT 5T, B SooR A A i B i) 5
DL FE L3k 23 A1 17 D0 LA B 2 SRR 0, SR e AR 30 12
PSR ) FE L o0 A AT ST S 0 B . A5 I B
L FE Al ek T A A IR DL UL AR 1
*1 EHEBEEMAFTBEEILTRSHER

Table 1 Distribution of optimal charging station sites in various

periods
Ak g
S WA
14 20 26 8 25 9 23 Hi
Pk R 4 13 9 7 7 5 5 <5
i He/% 187 173 120 93 93 67 67 <67

25 I B 118 H5e £ 78 R 3 3 1k s g R 1
K7 JWeos 28 BT AT i () By, — 347 17 7 gl k
R R, A T R 58, 6%, i 1445
Ak 14, b 18. 7% 20 5 AT gk b 13
W, A 617, 3%, 80 2499 SR AU 2 AR i 7 i
SRR . 26,8,255 T M Bl Rk 9,7, 7K,
diH12.09%,9. 3%,9. 3%, 3% 34 S AT ITA & 7S
F Sl e hE R B . 14,20,26,8,25 3% 55 A5
BN S e T AR BUR 2, R A 3 54

SRR L e
IR

ERNLE . FATTr oA 8

| RUSSES
I 205 A
I 265 R
8 S
I 255
9 S
B 235
B g%ﬁ
I 295 s

175745 5
I EL,{,
215

7 ENENRAFTEEELT RS
Fig.7 Statistical data of optimal charging station sites in various

periods

A7 L A A
B8 SREFEUEHT

Fig. 8 Distribution of optimal charging station sites

B FEH UG 0 A P 8, 14,20 3% 3 4> T8 HE uli o7
TR X EH TAEX Flk X 5 JE R IX A8 54k,
25,26 A4~ e FL S 7 TR XA sy o 3 AT 356
BH T b DX ) 2 A L 7 L T SRS [ 1
Tl X5 H A X 3 28 % A i s B, Hothopl ok
R A5 (A9, 23 45) B Z2 5 T I RE IX A9 58 A4k
S DI X N

Shy B 2 T R Sl ) T HEL M A A, 7 A T R S 1)
BARGL B 5, AT 503X 5 A9 55 A4 i Bt
1 At e 25 1 L T INETE] 4R AR A A, G 1 9—11
JIi7R

M3 F B A 43 A A B AT LA S T E B e Y
e U I BER Y BLAE 09:00—12:00 5 17:00—19: 00
I IE] BE, 7F 12:00—17: 00 B[R] BE N, e HL T oR 2 i
AR . PSSR S Sck (21 |45 R —3 K
Hh 8 54T A A e BE 1Y) A 70 HL T SRR R, X — T
H 34— R F Tl U L — AR T A% 4%
B KB A TE X LRI X o I ] DA 765X
— 7 p A A B RE A T R B K,
JUTA Fe R B AT R SR L . 26 457 s K 1

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



.8 %%"g gﬁt'«[%\

% 46 %

200r 198 ) 09:00 — 12:00;
12:00 — 14:00;
7 14:00 — 17:00;
17:00 — 19:00

135

150

KR

100

50

s 14 20 25 2
RiI=F R
B9 mMAG TERNEEEER/ALHIER

Fig. 9 Distribution of charging vehicles in various periods under

the optimal distribution

150 -

B 09:00 — 12:00;

12:00 — 14:00;

125195 [ 14:00 — 17:00;
i 17:00 — 19:00

A /N 4

E10 SMASH TEMHEREFRIAARK

Fig. 10 Available hours at each charging station in various

periods under the optimal distribution

1200,
fEE 09:00 — 12:00;
1000l 12:00 — 14:00;

7 14:00 — 17:00;
17:00 — 19:00

666.1

i REA /(W * h)

G
B11 SMAomTEMNEMEESE

Fig. 11 Energy storage capacities in various periods under the

optimal distribution

Sk b DX s T RE SR B A BE A AL o T
W o 14,20, 2559 50 25 5 5 0] S48 IR 55 B )
VT, MBS TE] £ BE SRR, 09 : 00—12: 00 3% B i [ it
FEHL AR AR, 17:00—19 00 i a) B HVK

HR 4 HL 20 745 B B B, B R SR A N
0% FLHL 2 100% W [E]249 4 2 b, 17 B 1] B AT 8L LA

2 /NIRRT 43, BRI AT LA A A I 8] Be Y 19 78
FEL VR A 0 B O I B il B SE R AR R R . S
P AP £ RS0 ik A2 T AT I B T A SRk H i 1) TG
AR ] LASZ RIOT R s i o Hbn . PR, e ALl
FEHLARE A E E LA T 9 r R Sl A AR AT I ) B
0 fe KABLAE Ry FE AR Y 22 B i . 258 DL B,
25 IR S Rl A eI E A R B LA, AR 2.
®2 RMAFTHEZNHERER
Table 2 Optimal charging station location and capacity
TG 78 L 3 3471 R
8 14 20 25 26
A T U TR R 200 93 89 89 135
RO T HREA /(KW -h) 14 270.28
FRAERT UL T Al A I /R 888.52

o, i i 1 25 12 A ] A FH I 25 R B ] Bt
909:00—19:00, H TR 73 450 1 A 7T #R AR 3K —
N E] DX [a] 22 Y, 7T RATA R o 3 — I B iR o 1 36 4
RIGHHHL

4 LEFRIE

A SCHE H— 25 A BB A B 0 H R I A
F, 3 BB 1k S AR I LA R T 3 IR X118 55 43 ¢ 3 )
FIEEE 1475 s Be e A 1, 36 E T 732 1A 850k .
iR

(1) 70 HL 3 1) e P A7 i 22 800 A7 7 7 ol DX Rn A=
TG DX A FEAb , DA KR X A s o [ s 7 70 H
BT — A 2 2 S DL B — S E il . DI TR
DX AR M DX ] AR AS A 25 U0, ol DX 1) 7 H 5 oR A
K, T HL U S A ELAT W iR A A L AR X — X3,
ST 7R L AT DA AU e L A AR

(2) B3 P bk 7 Fi i A0 S ik 8 25X Gk e ol
P, DO 5% T 114 7 R i, 350 ol 7 P 3l 1 S IR I T 5 D
BERNAS T 75 B T % SR TR A E S8 8E . AL
HF 5845 A H IO 15 7 L il ) o7 BRI — B I S %

(3) BB PE MoK A E 25 e A T Fe H U 9 ik ik
FESHEFE, BT A AR R 25 1 AT AT R AR 2 B
G RE VL LA , B — R BAL R0 2E X B M A
TR RZ A

it H

SE

(LI5S, 24, sl . v 3R 4 78 i BT i 25 2 A
BT SRR )], RIS {ER, 2022, 59(8): 1-9.
LIU Yong, LI Quanyou, DAI Chaohua. Review on the
spatio temporal distribution modeling of electric vehicle

charging load [T]. Electrical Measurement & Instrumentation ,

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



% 127

FNPR,E R MABE TR BFAF V2CH A6 A B 3hik ik T 5 R -9 -

2022, 59(8): 1-9.

[2]DU Z L, LIN B Q, GUAN C X. Development path of
electric vehicles in China under environmental and energy
security constraints [J]. Resources, Conservation and
Recycling, 2019, 143: 17-26.

(3 1RF, 2T 30, B8, % Ot — AR gy 4 sE AL vk

SERERLAI LJ/OL]. v 7y R GE B A Bh ki - 1-12(2022-
12-26) [2023-04-14]. https: //link. cnki. net/doi/10.19635/;.
cnki.csu—epsa.001174.
LI Ke, HUANGFU Xiaowen, LI Mengchao, et al. Energy
storage configuration of integrated PV-storage electric
vehicle charging station [ J/OL]. Proceedings of the CSU-
EPSA: 1-12 (2022-12-26) [2023-04-14]. https ://link.
cnki.net/doi/10.19635/j.cnki.csu—epsa.001174.

(4 XS, SCfate, BEE M, 5. B3R FER s Y R i1
HEAEALT] ARG A B, 2012, 36(3): 54-59.
LIU Zhipeng, WEN Fushuan, XUE Yusheng, et al. Optimal
siting and sizing of electric vehicle charging stations [J].
Automation of Electric Power Systems, 2012, 36 (3) :
54-59.

[51HEA, WIEE, BUNT . BB GRS R IE LA

R IBIT TR AR [T ] IR, 2022, 46(3)
981-994.
CUI Yan, HU Zechun, DUAN Xiaoyu. Review on the
electric vehicles operation optimization considering the
spatial flexibility of electric vehicles charging demands [J].
Power System Technology, 2022, 46(3): 981-994.

L6 IXBE K, 5Kk T-WL, MU . i aliR % V2GBORZEIR[T ] B
THASR, 2012, 27(2): 121-127.

LIU Xiaofei, ZHANG Qianfan, CUl Shumei. Review of
electric vehicle V2G technology [J]. Transactions of China
Electrotechnical Society, 2012, 27(2): 121-127.

[7]HABIB S, KAMRAN M. A novel vehicle-to-grid technology
with constraint analysis—A review [C]//2014 international
conference on emerging technologies (ICET). IEEE, 2014:
69-74.

[8]KEMPTON W, LETENDRE S E. Electric vehicles as a new
power source for electric utilities [1]. Transportation
Research Part D: Transport and Environment, 1997, 2
(3): 157-175.

(o, IR Ty, XL, 5. 3+ KX ae iy vac sEh

PR 2 i B [0 . THEE LA L, 2023, 40(3) - 116~
121,245.
CUI Jin, ZHANG Liangli, LIU Jiang, et al. Modeling for
V2G charging pile fuzzy control considering power quality
optimization[ﬂ. Computer Simulation, 2023, 40(3): 116-
121,245.

L1015z, UMWY, sRETW] . B 8B AE V26 42 il S B 58

(] BT FHR, 2019, 53(8): 41-44,49.
HUANG Liang, LIU Ming, ZHANG Ruiming. Research

on V2G control strategy of bidirectional [J]. Power
Electronics, 2019, 53(8): 41-44,49.

(12 s ff, BIRER, ARKE, &5 OB HL 3R 4 se it

P S s i as e 1] I REE A sk, 2012,
36(10): 19-26.
LUO Zhuowei, HU Zechun, SONG Yonghua, et al.
Coordinated charging and discharging of large-scale plug-
in electric vehicles with cost and capacity benefit analysis
[J]. Automation of Electric Power Systems, 2012, 36
(10): 19-26.

L1250 55 . V2G 2 55 vl 90 ] 04 RT3 451 422 ] SRS A9 (D ).
LA AT R, 201 1.

HAN Haiying. The study on the control strategy of V2G
participating peak regulation and frequency regulation of
the grid[ D ]. Beijing: Beijing Jiaotong University, 2011.

CIBJEAT A, B, B R, 45 . BE T ek ) A A 5

V26 B ER A SE R s LRI TR (). B,
2022, 50(7): 104-110.
ZHOU Youwei, GAO Zhongjiang, ZHONG Yuzhe, et al.
V2G electric vehicle charging station planning method
based on improved vector order optimization algorithm [J].
Smart Power, 2022, 50(7): 104-110.

(145, kT, AT, 2. @R T R 3IA45E
HL BBt A [T . BUACHL ST, 2022, 39(4) : 469-479.
LU Yuan, HE Yongxiu, WANG Kehui, et al. Configuration
model of electric vehicle charging facilities considering
demand response [J]. Modern Electric Power, 2022, 39
(4): 469-479.

L1524, B0, e, % R R aE nT & it

HBL[T] AR R %2 4k (L% ) L 2020, 50 (6) :
101-111.
LI Bei, ZHAO Song, XIE Zhijia, et al. Electric vehicle
virtual energy storage available capacity modeling [J].
Journal of Shandong University (Engineering Science) ,
2020, 50(6): 101-111.

(16 B, XM . W29 42wt T R 44T B X SREAE 5 -
PAAEsTHON BT . B s, 2022(12) : 107-136.
ZHAO Yang, LIU Qian. Taxi industry transformation
under the impact of online car hailing: A case study of
Beijing [J]. Scientific Decision Making, 2022 (12) :
107-136.

(17 JAT . 35 RFID HL5 4 Rl A HL 3l 4= th AT 17 D BT 5
[J]. Rk, 2021, 7(16): 10-12.

YU Bo. A Study of motor vehicle travel behaviour based on
RFID electronic license plate data [J]. Intelligent City,
2021, 7(16): 10-12.

LI KA, P, EAIA, 45, FET OD EREAY R B4
7o B A I 2 a0 A O ()] B O R g R SR
2021, 49(20): 82-91.

ZHANG Linjuan, XU Changqing, WANG Lili, et al. OD

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.



+ 10 -

mER L RER

% 46 &

malrix based spatiotemporal distribution of EV charging
load prediction [T]. Power System Protection and Control,
2021, 49(20): 82-91.

L1914 %, sK)aJE . afe iEAf iz FIE /3 i —— Bl R 2 43
AP R RE SR () ] OBT 42 BE L 2022(41) 2 12-14.
YANG Xin, ZHANG Qizhao. How to use the normal
distribution correctly—Example of a problem solving
strategy in the normal distribution [J]. New Century
Intelligence, 2022(41): 12-14.

(20 PASTCAR , ZEide, B JL¥Y , 45 A — 0 " REUR i 3R

TR I S R PR AL VR RE S () ). o1 R GE A 3
fe, 2022, 46(12): 88-97.
ZHENG Yuanshuo, LI Feng, DONG Jiuling, et al.
Optimal dispatch strategy of spatio-temporal flexibility for
electric vehicle charging and discharging in vehicle-road-
grid mode [J]. Automation of Electric Power Systems,
2022, 46(12): 88-97.

(21 JERT M, B, RIS, 55 4% — 0 AT L 3l
TR F0 R B A7 I 22 T R G T R, o S 7 ) 2 e [ .
[ HL L TR, 2017, 37(18): 5207-5219,5519.
SHAO Yinchi, MU Yunfei, YU Xiaodan, et al. A Spatial-
temporal charging load forecast and impact analysis
method for distribution network using EVs—traffic—
distribution model[ ] ]. Proceedings of the CSEE, 2017, 37
(18): 5207-5219,5519.

(22550 R, RIS, SB80E , 55 — Rkt 19 Floyd 5 3%
(L AREBT Rk CHARBEA AR , 2019, 42(1)
78-81.

LU Liguo, LIU Liyue, LU Tieding, et al. A modified floyd
algorithm [J]. Journal of East China University of
Technology, 2019, 42(1 ): 78-81.

[23] R0 . 50 IR Ak Dijkstra & Floyd .35 1],
FERTIE (R, 2019, 21(2): 32-33.

WU Haifeng. Shortest path algorithm—Dijkstra and

Floyd’s algorithm [J]. Internet Communication, 2019, 21
(2): 32-33.

(24 BEHT . IR Dijkstra 7% 5 Floyd 5% [J ], E BT A,
2019, 21(3): 162-163.

HUANG Hang. An introduction to Dijkstra’s algorithm and
Floyd’s algorithm [J]. Internet Security, 2019, 21 (3):
162-163.

(25 | EG 06, (RERY , FEEE IR, 45 . WA A BH AE PR A FL g
MR HEHAR K RELT]. AR, 2021, 43(11): 1-4.
WANG Zhifeng, HE Yaling, KANG Chongqing, et al.
Strategic positioning of solar thermal power generation to
promote technological progress [J]. Huadian Technology,
2021, 43(11): 1-4.

[26]E 30, #aifli, S8, 5 3 Ko bl o A OB AR Rg U

e AR OIS A T[], 255 8RB IR, 2022, 44
(10): 12-18.
WANG Yi, YANG Zhiwei, WU Po, et al. State estimation
for the distribution network with high - proportion
distributed photovoltaic energy [J]. Integrated Intelligent
Energy, 2022, 44(10): 12-18.

(27 J475M8, A atte, 2o, 45 & KUGHA R o 1 n 52
PEF W 7T ] 2R G EREIR, 2023, 45(1): 67-74.
WENG Zhipeng, ZHOU Jinghua, LI Jin, et al. Impact of
wind and solar power grid connection on microgrid
reliability [ J]. Integrated Intelligent Energy, 2023, 45(1) :
67-74.

(AL FT % - 5RML)

Wr#m B #3:2023-05-12; & [E B #3:2023-08-01
LM BE3:2023-08-16; B SR LI : www.iienergy.cn

EE®

INFT AR (2000) , 95, B2k, g ds ) RGO i RE S
AREETF T AIFFT , sunyl200011@163.com;

VRV (1998) 5 W IR AR SR
FEBIHEST , eeqty@zju.edu.cn;

BFHI(1978) , 55, P TR, ¥, SR 1 Bt
HiE FL B AR ST T AT ST, zhaoym97 @sina.com

MR (1987), 55, WF5E 01, 5, Nl ) R LR i3
ATEEJ7 HAIHEST , yechenjing@zju.edu.cn;

LI (1992) , 55, 1 /i s, DA e T 2R 8 67 4
¥ AAIE 175 5 Tl AT , hongxunhui@um.edu.mo.

hEfEEE

© Editorial Department of Integrated Intelligent Energy. This is an open access article under the CC BY-NC-ND license.





