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Uncertainty Analysis of Dispatchable Potential of Charging Stations
Considering Randomness of Electric Vehicle Charging Time
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3. China Electric Power Research Institute Co., Ltd., Beijing 100192, China)

[ Abstract] The dispatchable potential of charging stations represents the feasible solution space for optimizing their bidding strategies
in the electricity market. However, the uncertainty in the access times of electric vehicles complicates the accurate assessment of this
dispatchable potential. To address this issue, an uncertainty analysis method was proposed for evaluating the dispatchable potential of
charging stations, taking into account the stochastic nature of electric vehicle charging times. Firstly, a generalized energy storage
model for various types of electric vehicle clusters was established using Minkowski summation theory. Secondly, the impact of the
randomness in electric vehicle arrival and departure times on the dispatchable potential of charging stations was analyzed. The
discretized probability density functions of these times were mapped to the probability distributions of individual electric vehicle model
parameters. By integrating these with the generalized energy storage model of electric vehicle clusters, the probabilistic characteristics
of the dispatchable potential across various electric vehicle clusters were derived. Furthermore, the probability distribution
characteristics of the dispatchable potential of charging stations were derived by aggregating the parameters of various electric vehicle
clusters using convolution operations. Finally, simulations were conducted in MATLAB and compared with Monte Carlo simulations to
validate the effectiveness of the proposed method.

[ Keywords | electric vehicle; dispatchable potential ; charging time; Edgeworth series; probability distributions

HA R SR RE I R ABE R SRl A DU 33K 4 o BT B2 5 B HL ) B 5l s
WRALIZ AT IR IR BT I 2 — 1 Eh TS AOREECRORIE B e R O T R g% R
FRBORER, HR R IR S E ORI R EN, 8 e Wl R Wi R 62 5 M EE

s BHE: 2024-09-23; EITBHEE . 2025-04-27

E€WA . E5HMARARLSHFHIE (5108-202218280A-2-261-XG)

F—1EE . 515 (2000—) ,Z, DU%, BIE AT P B 0F e A . BE5E 5 1) LR B S 5o 14385 . E-mail . yiting@ whu. edu. cn,
SR RRTE(1993—) B DU, WIHCRIUN 4 BYEREHIT 5L, WS T A): ER A R IR EEA (T, E-mail : wizhang@ whu.

edu. cn,

¥ F5 M HE - www. stae. com. cn



2025,25(20)

Syl A5 75 TR Bl ST R IR T FEATLAME B4 7 R i el 9 T AN E 1 23 A 8527

A MBI = fh 28 5 o e, S A uli al L0 — Fif
RARBIRA R, EL I HL ol ] 98] B8 9 ) B e 7 S L v
R DRI R A, RIS 5 M E B
PR Z T R, A A PP 7S L 3k T 9
JETE ) BAT oy R IS (AN AN

FANE A B o35 3 X T L w4 3 O F
J& T WS ALATIAL TR A BB Sk 11] 5 8
LBV A SR R A AT AR R R P Ol B L T A
H P AT Y L Bl 4R SR R A Y SR 1 Il 3
FEWE 1, SCHER[ 12 TR L sh i 42 R 5 ) i
REBCAT , 4Rt 1 — il 5 T 1 ] S 38 R R -5 K4l i
S AR R S 507 e 1 AR T AR R
AR SR M B AR AR L RE A% 52 I HEL B4 5 L IR A5
B3, SCHR[13-14 ] 700 5100 i SR 4R AR R
TP 00 £ B2 S S mT 9 32 R T A Y 0] T e A1 T 3
FERE T BUESC B A5 T e, SCHR[15 48 T —
FRZRGHLAR = 21 B J5 3k AR P A 58 e BEPEAT
DRIER 1 81 A ) v 09 2 S A T 0] 9 ) A -
B A K S5 05 s, DA AL B R T 0 g
SCHR[ 16 JBE5E T %5 B sh i< 4= - AT % s s 4k |
15 P B0 13247 S AN 2 P 9 7 FRL o 5 e L 9 2
A Tk, SCHR[ 17 ) 45 & sl e e I Y
HNERZEAIES A B AT o D DR B 3 S T SR R
K P FER AT AR R AR S I A e 22 X
LRFE X SE R I ARV AT T A, AR
I R TR BETE , SCER[ 18 ] 275 % TE R Bh
PR E N R T AR BE I i 2 5 RSt 1T,
TR AR 5 0 r 94 88 AL, R AT 096 2 9 3 -
PN 25 S5 A 7 SR FR) 3 JBE 8k T 1A

£ LRI A 5T 32 B4R v 7 S A il el 9
BN E R A T ik, SEbarh, nT I BE V)
R PP 7 AR 80 2 SR s S iy v B, 5 v i 1) H
BBhn R T H Al 3 B2 9 0 i , i e L ol
FR AT 8] 2 95 1 32 BT A il P S R ) R B IR AR SE LA T
AR, B SR G R B o Bl A RS B
B PR A T O A S R L v 0 S b e
FL il ) 3R R R

D DR E AR ) B — 5 R L B T
R ] BE AL 9 5 ol oty ] 9] B8 9 TR T ik, 1T
TR I 25 A D AT ST SR M B R F 2 9 4 B v
IS 18] AL 2 0L A 78 L w3 R T O A
e, B AERTTE % 16 L Bl 4 T L N 1] BE AL XS
FE AL ] 3 JEE VR T AN SE PR R

1 2R

ST HUBRAMAEE F5 H L 3 4 MR S SRR (] )
HRERIRATR G S TR S A 2 R 4 T

A TR AR 70 Ay 5 70 FEL 3l T 03] 3 7 ) ) B B DG 3R
TG, T B AT IR AL ST A 2R R G A
FEXT L) SUAEREASEARY . HOR S04 TR ZETT R
Fisf [ BREAT LA X6 T 08 T s i), g 25 A i H 31
ZE 30 5 S [ ARE 3 98 8 R S e B 31 F Bl R R AR
REFRRH G AT A% e A A 3028 B R, HE A5 B HL 3R
2 e IR S B AL 5 S R T O B D B R
SRIG ARG SR MR SRR T E R TR L B
REAERERT R BT IS BN e, it — 2 IR %
IREGBAUA S BRI A IS VR A AR T 08
J1ih R B #2000 Z R0 A pR AR, IFE G B
MR SRR AT S 1 I RS S H 3 7
L Sl 8 T ) B 0 ) 1 A S SRR A R, B
J& , 7E MATALB A 705 B IR, -5 525 RIS A4
PTG, ST IR UEAS T R AR AR B R
L MR
: EEEES
I v RM

: I XUk R

R34 70 RN [ 52
Hid

(

| |
I 1
| §

| . BhE
[ B B AR | |
| B |
| |
| |
| |
| |
| |

v SHEs v et

R AR AL

BT AR AR T B

’ BV AR T B I SRR B & AR ‘

y BAREAH
| SMERRTEEEISHRRATEN |
BREY
A\ 4

| Jo TN 11 B BB R |

K BB

Fig. 1 General idea flowchart

2 EFEAEKEEKRFNBEINRESE

BWAEBNTEAE

AR EMARBE EIES 5 iy, HRH
R EL B PR A ) A S SO R A 5 , SR
BE 8 H B IR HOR R W R L s IR G T R &
HHEA R | SUABRE U A2 M AT I AT R I 48

A AT W CRE N 1 d) ISR G AR
BN (1) ~ 2 (4) Fis,

nrefpdis At
P O VR e YD
n
s:'i"x”,, <55, S8, (2)
0<p <p'"™x,, (3)
0 <p) <p,"x,, (4)

¥ Mk . www. stae. com. cn



I S S
8528 Science Technology and Engineering

5 T &

2025,25(20)

Kbes,, N n GHRINRGEAE ¢ BB &
x,, W n BHRNVREL B HERE 1 FoR
TR, 0 WIAH s A R RAE (AL BG, HAE N
15 min; 7 H1p™ 23 5k B SR 2R B9 ST R AROR
po Fpi S35 AR n GBI AR « BT B TR
s ' R sl IR A I A M R B s R s 4y
BUASE n B SIR A  HH  E B pm A
pie e SRR 0 B E TR MR R RBR TR,
FRAE H 5 70 B B ) B I iR 2R AR o R
RIS IE AR BRI R =2 ] M
FOR AR A L B 7R RS B R 45 2 3R 4
EREATMBEEW I R BRI A, HE R fE il =%
SCHR[12] 3% BN B

ref pdis
P At
_ ch pch n il
Si,t _Si,t—At +ASi,t +7n Pi,tAt - dis
n
min max
Si,t $Si,t gsi,t (5)
O sp(l\[ SPL-AL‘[""M
i, i,
dis dis, max
0<Pi <P

L (5) e i ARG S, A R E
ROV UARREE & AE « BEBL R AS,, B
0 B ERGEERIE ) AR A TE ¢« BB
P HL Bl PR A A R ) 7 ROIR S & A AR b 7 A B H
At s PR P 3R | RSN ERIE L
) KRB A TE ¢ BB SRR )% S i s
SR | BRI RIE U ) U RE IR A FE
¢ BB R L B A P L P Ay IR
KA ENREERIE ) ABRE 2 7E ¢ B B Y i
KITHLH TR

HEC(5) AT, %) AR RES B 1 A 2% A2
[pihome plivmes g SmnAS, S AN S EALA, I
FE T XN E R T IR . i S HE
Al R E SR E MR TR S F R HO TR

SN
W)
h _ ch
P t - z pn x t
neNEV
it _ dis
P t - Z pu x t
neNEV
_ I
S [ 2 sn xn,t
neNEV (6)
max ax
S[,l - S xl,l
e NEV
1
AS!ZZ[S xl(x!_xt—l>
nENF\
leave
Sn x/b,l*l <xn,,1,71 - x/l,l) ]

A (6) e ™ Hl s AR n LSRR
MBS IF s i i VY RS i RHER RS

3 EEBEMNRETBEREBERSERN

FELATAEBNITE

DL B0 DA H Bl 95 2 A AR 1) AT R B O B
e SR A SRR A T A R0 1) A AR
MAZAETEY ] K1 R B 1R 47 S i 7 H sl 7 T o0 B
WALOE-SUR TS 2 G NS N SR W N 0N i) FRWES Y )
SPORES v, , OS2I (R T80 M AR, 7 b S Al
e BARST HL TR A A AR T IR AS I B AL
FEE ST 70 R Sl %) ] U B N AR AR
3.1 EEBHEINKE 7B ERETIERN MR ER

HAH SR 4S5 T far S 00 7T L REPE X R
e 2 fis,

W 2 Jw , andal B30 e 3l 75 4 H R A [ 5 1Y)
BFV2 THI RR PN Bl B 1) 728 fb 2 A% e FL BVR 2 2 5 B A
DA S e U NS v &7 & = ) P o N ]
BEAILYEXT B AR 2, [, F BRI AR 7
F AR X3 P A A 2 A T L Bl 9 G SR A A T R
T T, BT R VA AT 9 RV D A AR R
SEPE T AT A A B0V G T TR BE LA
XoF 7 R 3 T EE VAT B AN E MRS T B L A
FL 0 TR B T S B AL AR AR Y I A
FRIEEA T oM

HR A L Bl 7 T s 28] ol 2 ol A, 3 1 408 O
SA] LIS 3 e 2 VR 45 30 il B ek ] 4 2R 0 A eR
Bl X FURFFELR SR, i L 3h PR A S
SR (ST =Y A W A G o W =K 2 G i (D
G RASA B[R] SR A w1 4 M R % B R B, X (7)
A (8) Fior,

SOC &
I B _B -~
SOCV‘HL\\
SoC! - -- FF
L
#
&
A 1
SOC* [«
S gk

P Py
O o6

I 1]
M XI A B F EDFA* B* F* E* D" 5 3IN% A EA
FEAE PR B2 vl 8] R 2 5 5 0 42 0 2 L RR I DI A
gL BIRZE A RIS Y H It 28 4t (state of charge, SOC) ;SOC™™ #l
SOC™" LB b A i IR ¢y oy Al e ) AR5 WAL
HEEFNRGUGIN ] F sk W SR 4 B T S0 H ol ) B I B v o
K2 WS SR 5T R D
Fig. 2 Charging characteristic areas where electric

vehicles participate in regulation

¥ F5 M HE - www. stae. com. cn



2025,25(20)

Syl A5 75 TR Bl ST R IR T FEATLAME B4 7 R i el 9 T AN E 1 23 A 8529

F, (t+At) - F (1)

fi (1) = A (7)
F, (t+At) - F, (1)
fult) = A (8)

N SIS WS 8 71 712 ) R B v == 1 i
AREE; f, () FLS (o) 53500 H Bl VA 4 S0l Rl o
] ROAE R BE PR F, (o) FIF, (1) 200 B BiR
) R s B ) ) BB A PR AR o TS ) AR
BUEH#15,30,-++,1 440 I min,
P BI7A FE F DR 2 L 7 v s T M S A A O
B, AN E I R i L SR R AL T A RUIR S,
T2 AR B 135 2 3t o 1] 0 MU S50 R ke 45 380 7
X H TS RUR A T REME AR B A 0N
> [ )f (1),

(11,1p) €42,

1- Y £.G)f (1), x=0

(t1,1p) €42,

x =1

[, () = (9)

(9) 0 Ay VR 0 Gt s R 0 . — o
KIS, O 1 BRI 3 e e RS
1 ARSI 58, Ha HEa2 A= (10) Bs

O ={(t,,t,) | t, <t <tyort <t, <t

ort, <t <t} (10)

FEF ] R FER A L AEREAL BRI PR T
AS, ,, HRZSHE 5o AR 58 AR S BEAL
ARG R, N T M L R B PR G
R A SO E B BRI AR B AU 7E e F RS
BEAILAS 3 B — A 30 L IS TR A o I Sf 75 3
1 H e Ak e AL S 1 HOE SO

As,, = sfl"’i”]x",l(xnvt - %,,)

sl"’“vexn’kl(xnytfl -x,,) (11)
AR 253 B pR O A

Znumxm,
’ As = S-;]eriv;]l
fo (A) - ;AUJ@U%
As = — g
IEDWAOTATSEDWATIACE
A0 |

(12)
R (12) s As,, B n AN | W Bt
T RBENUE R £y, WP I L AR
SRR, As SN AR,
BRAE S A H A (RS R FUA 3 AR
{7 H T HCFT RS A5 fbX T S A P BB 0,
S AR RIS SRR T A

ch,max __ ch, max
Pi,t - Z Pn xn,!
nee‘\“IE\
dis,max __ dis, max
Pi,t - z pn xn,t
nE;"V,F'V
min min
Si,[ - Z sn xn,t <13>
ne/\“LEV
Smax _ 2 max
it Su xn,t
neNEV
AS,, = X As,,
neNEV

L b BT P AT I M H SR RS B L sl R 4 AR
A BE W 1 20 W SR R TE HUIR A R
AR Y ER R IR,
3.2 ETRFRBRUBENREEHTAEE

NBERSHHE

Py IR SE SRR T S b i BRE B DLAR
PEAEAAT BRAG &0 T 19 Jms BRAE . HL SR 4 AR HE AT
JEWE 12 0% h R H B PR A AR S8 IR 2SR
R iR e AL B RS R RS o A, ELAH TR
ERET AL SR A A 1 FE IR ZS F e A b i
b A [ o (E P QT S e R B N N 2 )
BEBLIETHEEAS BN AT 9 T 8 B2 1 S B B BLE
IR ¥ A IR SRR TT J7 245 B AL T nT 8 B2
IE S GRS

ST SN A b A A L Bl VR A T R I T B AL
AT HL Bl R A BT T OV ) S BB P AL o Y B
M, 368 3k e TR S R s B U4 I F Sl iR 4 4
FEECRA PR A0 22 . B0E 51 A =B R 1E 5 /AR
HOPART A B R AR W =B AR IR
J SR AT IR BB (14) FioR

INX =) _ 1 1

Pl N <v | ~d(x) P (14)
F(14) H: X 27 [R) o3 AT SR I 5 434 B
BUAE i N R ST ] o Al BEALAE B D8 ) Bl
BUASHE X (9 — AR, o I BEHLAS B X bR IR 2
D (x) AbRHEES B R EL Py (x) N
Bk —Hr 20, Bk TRENLE & X A =B
B b (x) APREIERS A AL R 3 pR A

Bear ik B — B 2 A Ch

Li( X —3x) (15)
6 (uy)?

2 (15) . w REEPLAS R X B9 v wd M BERLAS

w X B =FsE,

P2 ORI SR B R R S B 4
WA, P Tk S REALAR 5 SR AR G FE IR
VN Ay e R e WS [ I RN kSl uB e
BITRGEANAR FE R AR i AR A R A 45 B A R 15
1R B L SIR G SR T I BV T BEAIL A 2 1 45 B AR

P1(x) =

¥ F5 M HE - www. stae. com. cn



B R 5 TR

8530 Science Technology and Engineering

2025,25(20)

AR HL B 1A 1A T RS R R R
LR L R, THRAR B [ — B, s (16) |
X7 PR,

i = Elx,, ] =1 Y, f(t)f, () (16)

(11,1) €42,

,LLIAS"" = E[Asuy,]
= o™ Y L (Of,(6) =se Y f, (0)f,, (1)

(17)
o e WBENLAS & o, 09— B 5 i R BERLAR
i As,, I—E  E RIS AR
TS B B L Bl R4S R T IR S RN
ARl B BEMLAS & AR, = (18) R (19) iR,
pyt = E[ (v, —pim)’ ]
= (1—p =) X f()f,(1) +

(11,12) €,
<mwwﬁh—(ggmm@mﬂ

(18)
E[(As,, - ui)?]
(st = )2 S (0f (1) +

(=se =) Y f () f, (1) +

=
CE
1

O =) [1 = 2 f, (0f, (1) -

INACIACY (19)

s iy HBENLAE SE %, 0 B 5 s R BERLAE
it As,, B
[FIEE, AR L SR R e RS Fi e AR
Fe LA B =B, sl ansXi(20) =X(21) Fis,
it = E[ (x,, —pm)?]
= (1 _/-’5;"'1>3 z;, fz](tl)ftz(tz) +
(1y,1p) €42,
0 - [1 - gdnmyygﬁ
(11,t2) €Ly
(20)
pa = E[(As,, —p)?]

= () Y (1) +
(= s =) 3L (1) () +
(0 - [1 = XA (0f, (1) -

D f (1) ] (21)

b i HBENLAS i, 1 =B 5 s I BERLAE
i As,, B =R,

T, AR B L SR A AR T IR S AN
M AR b AL AR A — B =B, i — 20 AT LA

P33 L B PR SR AT I E VD BEALAZ R 5 B
M T AL S AR BT i X (22) 3143

ch, max chymax x, |
p = Y p
nENLEV
lis, m:
p = Y iy
nE/\f'}EV
= ) s (22)
nee‘\“IEV
My, = Z Sy
nENlEV
AS;, _ A
My = My,
ne/\“LEV
8 N * pch,max |
H22)H . kTR |k e {1,2,3%;;1,2” ol

BUARER P 09 b BV o OBEHUAERR Py 19
ke BV st R BERLAS R ST K YA w0t R BEAL
AR S™EA b VAR > BERLAERE AS, | B kYA

T A (22) A i o B R AT
EW NSNS HERAK (14) L 15) , Biarit
A FhL 30 A S T T R VS ) B i BB A
BRI, 2 T3 2o O3 A5 8000 AU A A 5
PREK
3.3 ETFSMEEMNERETEESHITE

FEHLIL 5 AR R R SR RS R, 4%
AT I B 7 S0 S 0 ST R M1 ,
A LT 25 VR S GO S T R ) B
(RS . g T AN BE R T 34 3 0 1 5 5
AR E) 7 FhL e T 9 BN D S, T B K
M3 5 R B 2 B2 50T 4% 2% HlL 3 VR AR S T
R B V85 AL A2 1 M 3 4 A PR B T A A, DL A%
) 75 FhL 3 T VS 1 SRR S

B f,, (=) A i KA EAEREAE o 120 7T
VL E VS 91 5 B2 P 0 5 B A o 3 R, (2)
S FE LA ¢ 16220 ATV BE Y 1 2 0 R I S 80
RS bR, WIHLE R T 3R N

ﬂpw3;d§m¢¢m¢wmy—

d = dy)] (23)
R (23) 1 2, e (P PESTSTAS,
d, 1 d; HBEHLIE RO
T A BUL S I AT 2 3 AR
T RIEEE LR 43430 7 1, 7251 763 5
AT 3 HE% A3 BIVRE T %R ) 25 o 3)
AR FFL I B HLYE 10 P R, S 4 T
FE I AT A) f LAO SE

4 {HFEIIE

4.1 FESH
KHIBF B4 MATLAB, T PLECE Intel

¥ F5 M HE - www. stae. com. cn



2025,25(20) Gy b A5 25 TR SR AR e E R () B LA ) 7 B Sl T R B DR e PR T 8531
Core i7-7700 % % CPU, F£4ii 2.8 GHz, W 1F A HLEVAGE A A ESEnR 1 oR
HRE BN 3 PR Table 1 Simulation parameters of electric vehicles
— EEEAR At /min 15 s 0.9s%
— PR s /(kW-h) 24 et 0.95
or pehomax sy 4.5 e 1
% plismax /pyy 4.5 ndis 0.95
ﬁ sk s 0. 95" NEY /4 960
= st 0. 155" NSV /4 480
sarival 0. 4s® N /5 960
o é 55 37 49 6 B &5 9 T 5" L BITRIEA R H b 0 8 A, (BB T AT L BT TR R B
SRAERTZI/15 min — R
(a) AR HBHIRZE B H] . - -
s 4.2 HBHHEFENMHUTBERSHBEETHEME
5r T EHBER 575
— EWERR "~ - S
— B FL VA AR B A 5 T A B AL AR . 7 A AR
Qm_ SRR, Hrh SRSy A EAR R W
g AR AR R, H T AT DO G B EhR A
L (30 79 1 S5 R K B, 3 g
HAR SRR EEATRE SRS
R P L 28 R (R 8RR P

SKAERTZI/15 min
(b) B2 HLBH I 4 Byt I )
MR

3 A B TN TR 4 5

Fig. 3  Probability density of charging time for various

types of electric vehicles

/B -1 >« 0

El 4 Fis .,
4.3 FHEFMFAEENBIETEHMERS

HR A L 3l 75 4 A A 70 F IR S A i AR b Y
WEARE BE, AT DATH S L — B B A 0 = B
HE— i 2 (10) T (12) Bk e £ 15351425

—qarrival —leavel —
D As, = [ As, =" [ As, =0

100 l|||||”” ”HHHW- 100
£ 5
-2 -
& & 50
i M‘H
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
SKAEIFZ/15 min KAERSZ/15 min
(a) RHBIARBEFNREMERRREMEEZ () R HBRIEREINAEME R BB
s RO s AP -, e A, S A, O
100 1 F i 100
””‘ H““l
5 ‘ g
= =
= H‘\u M”‘ g
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
KAERZI/15 min KFERFZ/15 min

(¢) IEFAE BB B)R AT RS R B

/|, -1 x, 0

Tl

M‘HH
24 36 48 60
SKRERFZI/15 min

100

TR /%

(e) BB BV EAME FE HOR SR 8

72

0 12

K4 HEnEE

(d) IEHF A BAL REREA A B R R

W s, s WA, S T A, 0
100

50

R E /%

0 12 24 36 48 60 72 84 96

KAERFZ1/15 min
(f) BHER! BN A R AR L A S

AL A AN [ RS PO ME A A AR 5]

84 96

Fig. 4 Histogram of probability when individual random variables of electric vehicles have different values

ML www. stae. com. cn



B R
8532 Science Technology and Engineering

5 T &

2025,25(20)

FL B AR S T L B N R AR P A AR
AR RS R A — AR | B A =y
kI CH AW SORINGE S S I e b ES R R
PR R 1 0 19 R A s, K5 i ad
ERUBTINAN 22 i B4 TR v AR 2 e
uii (4 R R 0 SRR R AN 5 TR

m”mmllﬂn:

BB AR/ %

‘{’0/:“ ) R
W““‘W N

BB EE%

BB AR/ %

il
1
l\ \nl\ L‘ >

() 75 H 25 0 i o AR R B A
IS Sk nl i 1 2B i gL

Fig. 5 Cumulative distribution function of dispatchable

BB AR/ %

il
l

potential of charging stations

FRAE SR 0 A ok Bt — 25 AT LATE 3R 70 L i ]
A BEVER 1 S AR 2 2 R R R, I T e X ]
Stk HORH 2 M, FH LATTAS 7 e ol ml 38 BE 8 7 1
W,
4.4 FHEEIEIIE

T B UEAR SCOT I A S, B TR T R S SR
RIEEA AT X b, TR O VA TS B R AR
20 (‘BASEE R 95. 45% ) XN [ B A5 X 8], 5245
BB R AR R B 2 4 1000 WK, P AN 5 1T
P 3] B4 70 HEL 3l 1T R BV 6 EL AN IEL 6 BT, PR AP O
AT B R 2 Fr

M6 7] LI AR SO i B R 5 54
RIBBHUN SR M E R, HAE 20 MEFET,

95.45% B 15 95.45% B 15 SRR
X i) b5+

X & F 5+ EDN

Tc

w
[

FEI TR /MW
(=}

%)
[

1 13 25 37 49 61 73 85 96

SRAERZ/15 min
(a) 78 FLSA A A e 5 K TR B D 3% L
40
30 \\f/ e
A

______

HE/(MW-h)
S

\’\/ \“‘ ________
of [T fhe
N\ TR
o 5 s 3 % 6l 7585 9%
SRR Z/15 min
(b) 78 LB fE A FL B T RAS LG
150

[

HB/(MW-h)

(=

/’, ,—"‘/
1 3 25 37 29 el 73 85 96
KA Z/15 min
(c) 70 HL A S 200 fk il R B AR A BT LY
B 6 PR IA A 9 70 FE ol m O B N e P A X L

Fig. 6 Comparison of uncertainty analysis of the dispatchable

|
w

potential of charging stations of the two algorithms

F2 WHMEZENITER B
Table 2 Comparison of the calculation time of the
two algorithms

Jrid A A/ s
ARSIk 1.353
SRR IS AR 87.228

ML www. stae. com. cn



2025,25(20)

Syl A5 75 TR Bl ST R IR T FEATLAME B4 7 R i el 9 T AN E 1 23 A 8533

RENS SRR S B AR R 25 SR B e B X R
[RIE, H1 3 2 WA, AR SOy i o HLEE A M R ECF 4
SRR/ TR E], X0 P o 5 R R Ig R
e 3E A K A A ARE SR A A R A5 B T R A T A B
FTIREAEARE , PN 3K 3 (1) #8454 3 50 A7 40
A5 AR SCOT VR B o Bes i S iy U e i
il AT R BEVEE T Ao A . 25 BTN AR SO IR HE
7% B VR AR ST HL B (R R M Y TR R, R TR
TR AT 20 7T H o 8 RT R Y ) S RO R
FETERHE

R RE N LW L IE AR ik A i, Sk
TR 25t ECEIE B 3 AN R
TR RIS R S B G X ENES R
(HFELS SR AR B AS X BN A A RE S, & NHA Y
ANFEA) . NHEIFH T ALE & 85 R R AET]
WREVE I 5 A4S B0 N I A R 3177 5 fe Ak
PROZERANE 7 FiR

HE 7 A0 FE4h 0 3 PR BRI , SRRk dh
FERYSE RS BAG X B A 55 B A5 B A4,
XL BT 2 77 vk Be % M2 3 5 1 A B ME A 25
F0 FEL i AT A BV D RS A A, 2R T DA
PEHT, B 7 4 B (00.00—03:00) B EH A
B H X R R X B s )92 78 H 0l 1Y SR LA T
SRR A B R AR AR (R 6 R T S UG B ) AN
KA AL ) , B H SR e A BRAE,
PRS2 09 45 SR B e, N T RRRG BB Y R B 40
BT, A5 M EA 78 H 3 1 o] R EE v

PE—25 K T4 70 v il ] 9 R S AN cE PR
RN B TR 1 H R bR SR S AR R g =
SCHR[ 12 1%, (HHE i e MR AL IR FL Bl 4
P4 281 3k 25l ST ) ARE 2% B i o YR T b 5t T Vg O XA
KPSIXHEFERL G A 8 ST MLy sk dis . JE TP Fh
Fo L T R BV ) i AR A A B R e 1Y
FEHL AT ek 3 s, [RIE, 3 i Oy vk
VIS 2 1) 78 L 0 O I B 7 1 SRR R AE 1T

100 - T — T e
——— oA
90 95.45%
80
< 70 F '\V\, ~«AV\/\/\/\V\/‘* /\\,w»w—wfl‘w—\
s 00T 68.27%
4o 501
@ 40}
30+ — 1cEE X
20k — 20EfE XA
10k — 30EE XA
0 . L L . L L L )
1 13 25 37 49 61 73 85 96

KAEERFZ1/15 min
7 T B K SRR e e A SR T o

Fig. 7 Coincidence rate of Monte-Carlo sampling

results with different confidence intervals

33075 1 L Bl 14 T HL IR TR] AL B T L 3 H R
Pobm 7 i A 3R 4 7 IR AN 8 s

xR3 WHERARKMEA TR B AR
Table 3 Comparison of charging station costs for the
two bidding strategies

ETIRES FeHsh A TG
aRifk 15 510.29
E e 15 296. 65

6r

MR/ %
DWW

Vi e Las Lso L2 155 16
75 L H AT BAR A T 7T
K8 &L SR se i I R FEALIE Y FE LG H AR
FEHL AR B BT

Fig. 8 Histogram of probability density of charging station
day-ahead bidding charging cost considering the

randomness of electric vehicle charging time

H13 3 AT, SR H BT 42 v 98] B8 v O AN E T
ST 1 B BEPR A HAT S0 f) B R, AR SR
FEOA PR AR o] i B2 08 1 9284k, i B 8 Al A,
H BT A 3R R 9 ) AN E TSR O 1 AR A HL o
B 52 2 T R i 1) ] R E VR MR R AR, S 2
ST BB R S I TORS A 1 A E
S AT LR IR s M b 25 T DR, S TR
ol (R U LA BB (I T —RE AR T

5 #ig

S 125 1 R B R4 7T R I T BB F) ST R
A BEVE T ANEE MR T T % S SR R IS AR
XHECERAE T HAT RN, R R4,

(1) A SR A MR B ST IR S BE AL RS B
WAL S5 2 50 Ll R R 9 T ) SO I A S SR A
T R RE S A R e ik 78 R vl w38 88 9 7 A B AL
PERFIE

(2) 2R RIS A EL, %5 18 i1 3h 4 S L I (]
BEAILIE (Y 70 FL vl vl 3] 2 98 g A 5 A 20 7 O vk ke
FEL A 380 i 2 i ] 14 MR 3R A 2 AT fige T 3
AR B T T Ll Y R R RV D BERILYE , TR TR
AR, 1 25 58 B AR JE T RE B AUSE N R I B AU
R

JIr 4 2% i FiL B R 4 78 R I T BB 1) S R

¥ Mk . www. stae. com. cn



B R 5 TR

8534 Science Technology and Engineering

2025,25(20)

AT BEVE 3 Al T SR 2 S L i g4k
PRoRmS A , T8 1 Ak 70 R i T 9 B T ) B9 4% i A
ZRMEANFAL , T4 w55 50 R il 150 R W o 5 1) 22 5%
PS5 AT RENE RGP AR AT AT T R, S E P TESE
FRL IR TR] b ) 5 B i 4, R AT SEORS o | T A )
PARERE 10 H U 5 B 3N 2 5 T 8 0 AR
Fm@m%@MW“ﬁmfﬁﬁmﬁ%ﬁ%%ﬁ
T RE BB B B R 5] B SR
ﬁﬂ%:ﬁﬁmEﬁAﬁMﬁW%%% Aok ]
255 L T 3 52y AL A R A T R o R AR
T ARSI TEAN T E B PREE T R4 T A RO BE Y
RIREME, R B ST R U 2 T 2 B
EsEoH R L R SRR E N

2 % X #

(1] SEMS, Fatte, 2, 4 W B 3l A P e L ir e 4
WI]. BHEEAR ST, 2023, 23(14) : 5827-5839.

Weng Zhipeng, Zhou Jinghua, Li Jin, et al. Review of research on
orderly charging and discharging of electric vehicles[ J]. Science
Technology and Engineering, 2023, 23(14) . 5827-5839.

[2] JiaZ, LiJ, Zhang X P, et al. Review on optimization of forecasting
and coordination strategies for electric vehicle charging[ J]. Journal
of Modern Power Systems and Clean Energy, 2022, 11(2) . 389-
400.

(3] B&h, EFHW, #S0L, % 58 REIRAC N = AR A6 2

FRLENI A SR LIRS [T ], LI H R, 2024, 48 (9) : 3663-
3672.
Huang Jing, Wang Xiuli, Shao Chengcheng, et al. Charging strate-
gy of electric vehicles considering three-phase unbalance mitigation
of distribution network with new energy[ J]. Power System Techno-
logy, 2024, 48(9) : 3663-3672.

[4] Nimalsiri N I, Ratnam E L, Smith D B, et al. Coordinated charge
and discharge scheduling of electric vehicles for load curve shaping
[J]. IEEE Transactions on Intelligent Transportation Systems,
2021, 23(7) : 7653-7665.

[5] 3Tk, ST, SIRAS, 4. T YRR IR S i i 3R 4

%ﬁf’rﬁﬁam—ﬂﬁﬂ‘%ﬁ*ﬁ%’f’fﬁ%'ﬁ@mﬁ (1], Wy,
2023, 44(12) ; 174-184.
Ai Xin, Hu Huanyu, Hu Junjie, et al. Distributionally robust bid-
ding strategy of energy-regulation market for electric vehicle aggrega-
tor based on scenario tree probabilities[ J]. Electric Power Con-
struction, 2023, 44(12) ; 174-184.

[6] Ding T, Zeng Z, Bai J, et al. Optimal electric vehicle charging
strategy with Markov decision process and reinforcement learning
technique[ J]. IEEE Transactions on Industry Applications, 2020,
56(5): 5811-5823.

(7] XN, &, Wk, mahia sl FOR 2 54 2R 5T
ZRR[)]. ISR, 2022, 59(8): 19
Liu Yong, Li Quanyou, Dai Chaohua. Review on the spatiotemporal
distribution modeling of electric vehicle charging load[ J]. Electri-
cal Measurement & Instrumentation, 2022, 59(8): 19

(8] Bdete, WEom, R, & HIRERMRELSSEM—
YR AR P S (1], BheEsOR 5 TR, 2022, 22(27):

11958-11965.
Luo Weixiang, Chang Xiqiang, Fu Rui, et al. Electric vehicle load
clustering and primary frequency modulation control strategy for par-
ticipating power grid [ J]. Science Technology and Engineering,
2022, 22(27) : 11958-11965.

[9] Liu W, Liu Y, Yang Y, et al. Power restoration model for distribu-
tion networks after extreme rainstormdisasters based on electric vehi-
cle travel characteristics[ J]. Energy Reports, 2023, 9. 372-380.

[10] Wang B, Zhao D, Denghanian P, et al. Aggregated electric vehi-
cle load modeling in large-scale electric power systems[ J]. IEEE
Transactions on Industry Applications, 2020, 56(5) : 5796-5810.

(11] SRR, SRR, WASZE. 25 08 ™ ml i BEVE o0 i 0 i SR 6 1

PEACTHRE SRS [J]. ARILH T R4k ( I ARBHA AR ) , 2023,
50(1) . 28-37, 47, 127-130.
Zhang Xiaodong, Ai Xin, Pan Xi’an. Optimal scheduling strategy
of load aggregators considering user’s scheduling potential [ J].
Journal of North China Electric Power University ( Natural Science
Edition) , 2023, 50(1) . 28-37, 47, 127-130.

[12] &g, B%, T, & FRhd iTﬂJx?’%*ﬁE/ﬁ'ﬁ"ﬂ

WM BT S B bR e [J]. B RS A F4E, 2021,
(10) : 86-96.
Zhan Xiangpeng, Yang Jun, Han Sining, et al. Two-stage market
bidding strategy of charging station considering schedulable poten-
tial of electric vehicle[ J]. Automation of Electric Power Systems,
2021, 45(10) : 86-96.

(13] #Raa)a, WRLLes, ARAEAK. & T SCmf B o 09 &l iR 4 ol

RIRIB BRI R ()], B R 5 TR, 2023, 23(13)
5571-5578.
Xu Jiagi, Guo Hongxia, Zou Guilin, et al. Two-stage optimization
scheduling of microgrid with electric vehicles based on real-time
electricity price[ J]. Science Technology and Engineering, 2023,
23(13) . 5571-5578.

[14] BEER] N, DINE, 2. BRI SR LA

12 ERPH BARBRIALZ TR (1], mIMEA, 2022, 46
(12) . 4809-4825.
Zhang Panzhao, Xie Lirong, Ma Ruizhen, et al. Multi-player two-
stage low carbon optimal operation strategy considering electric ve-
hicle cluster schedulability[ J]. Power System Technology, 2022,
46(12) ; 4809-4825.

[15] A, Fhocse, widm, & BEAmeErt 5952 2
ﬁﬁﬂ’]%ﬁhi%ﬁiTﬁ WEIRE)]. BT A
W&, 2022, 42(10) ; 245254,

Zhu Xu, Sun Yuanzhang, Yang Bowen, et al. Calculation method
of EV cluster’s schedulable potential capacity considering uncer-
tainties and bounded rational energy consumption behaviors [ J].
Electric Power Automation Equipment, 2022, 42(10) ; 245-254.

[16] Wu F, Yang J, Zhan X, et al. The online charging and dischar-
ging scheduling potential of electric vehicles considering the uncer-
tain responses of users[ J]. IEEE Transactions on Power Systems,
2020, 36(3) : 1794-1806.

[17] B, FE T4, MAF, . 5T MF-LSTM M3 B3R 4
BT G AT RV AR [T, RAL D, 2023, 53(8):
59-69.

Pan Lingling, Zhuang Weijin, Zhao Qi, et al. Evaluation of ad-
justable potential of urban electric vehicle centralized charging load

based on MF-LSTM[ J]. Electric Drive, 2023, 53(8) : 59-69.

¥ Mk . www. stae. com. cn



2025,25(20) Dyl A5 75 TR R A FE L IR (] B AL 64 7 r ol mT 081 B 5 0 A S 1 20 A 8535
(18] Z%, EX7, B, 5. FIEMINRERB M 2t X Luo Ping, Cheng Sheng, Wang Yan, et al. Electric vehicle char-

[19]

[20]

[21]

[22]

S AL I REDROLAL ISR (1], BhfoR 5 TR, 2023, 23
(30) : 12966-12975.

Li Qing, Wang Suining, Cui Jiarui, et al. Energy optimal schedu-
ling strategy based on reinforcement learning for smart community
with electric vehicle [ J]. Science Technology and Engineering,
2023, 23(30) : 12966-12975.

TNy EII, &%, 5. T RRENA A T IR B AL X R
PIRERE S B [J]. Bl2a iR 5 T H, 2024, 24 (19):
8090-8098.

Li Yiming, Wang Jiangjiang, Jin Ying, et al. Energy management
of community micro grid considering the orderly scheduling of elec-
tric vehicles[ J]. Science Technology and Engineering, 2024, 24
(19) : 8090-8098.

Wang H, Shi M, Xie P, et al. Electric vehicle charging schedu-
ling strategy for supporting load flattening under uncertain electric
vehicle departures [ J]. Journal of Modern Power Systems and
Clean Energy, 2022, 11(5): 1634-1645.

Wang S, Yang Y, Chen Y, et al. Trip pricing scheme for electric
vehicle sharing network with demand prediction[ J]. IEEE Trans-
actions on Intelligent Transportation Systems, 2022, 23 (11):
20243-20254.

B, Bk, B, . BB IATRE R R IR SR
[T, AR B R A (A RBIERR) , 2020, 48
(11): 126-132.

[23]

[24]

[25]

[26]

ging load forecast considering user’s travel characteristics [ J].
Journal of Huazhong University of Science and Technology ( Natural
Science Edition) , 2020, 48(11): 126-132.

Lepolesa L J, Adetunji K E, Ouahada K, et al. Optimal EV char-
ging strategy for distribution networks load balancing in a smart
erid using dynamic charging price[ J]. IEEE Access, 2024, 12,
47421-47432.

Yan L, Chen X, Zhou J, et al. Deep reinforcement learning for
continuous electric vehicles charging control with dynamic user be-
haviors[ J ]. IEEE Transactions on Smart Grid, 2021, 12(6):
5124-5134.

RIRR, RGN, 5T BT 3 75 508 MM i 3R A
FERL R HER A B[], HRRBR, 2024, 48 (2):
640-654.

Zhu Junliang, Wu Zhigang, Liu Jianing. Electric vehicle charging
load probability distribution modeling based on semi-dynamic
traffic equilibrium[ J]. Power System Technology, 2024, 48(2) .
640-654.

SFER, BT, KRk, S IR S AT A 1
ERBTL)]. -IIRG A, 2021, 45(18) : 61-70.
Zhang Yuxuan, Guo Li, Liu Yixin, et al. Numerical modeling
method for probability distribution of electric vehicle charging load
[J]. Automation of Electric Power Systems, 2021, 45(18): 61-
70.

¥ Mk . www. stae. com. cn



