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Modelling and analysis of electric vehicles participating in the convergence
and multiplexing of energy storage system based on parallel CPSS
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Abstract: This paper evaluates the capacity of electric vehicles (EV) as an important part of distributed energy storage
systems to suppress regional load fluctuations in power grid. Firstly, based on cyber-physical-social system (CPSS), an
artificial electric vehicle group is constructed in a software-defined manner, combining the private car travel statistics,
power battery physical models and users’ response to time-of-use electricity prices or incentives. Then, the Monte Carlo
method and central limit theorems are applied to simulate the charging and discharging behavior of the artificial EV
group in different scenarios, thus, the mathematical expectation of time-division charge-discharge power is obtained as
daily charge-discharge profile. And the simulation experiments are completed interms of the aspects as follows: 1) the
differences in charge and discharge behaviors of users with different rational levels under the same price strategy, 2)
the effect of charge and discharge behavior of electric vehicles on regional load variance under different price strategies
and corresponding costs and benefits of the grid, 3) the changes in regional load variance reduction after the electric
vehicle group is connected to the grid under different power battery parameters. Finally, the simulation results provide
guidance for the grid to develop a reasonable price strategy, and also show the key factors affecting the electric vehicles as
distributed energy storage systems to suppress the load variance. Besides, fundamental technical support for the orderly
access of electric vehicles to the grid is provided.
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13X (27) W] 0, S8 7 2 R IR R, B R
FAN N T EV AN 43 I 78 7500 HE 3 256 1 28 1) A 1S B
1330 7 ORIIE, R RAE 5 245 3 7 2 % K% % Y1 DCDP.
22 ATIEVEHADCDPHIZREL

s N TEV #EAARH = ARk, B 1.2.3 75
Fre B e A dEEE F P . se S EE P ORI PR
PEF P 3X =2 P I NEL 58 Ny Ny LN,

B O AR PR BE T A, Ny AN e A R R P B
Xt NN T BV AMA BT B0 N T BV B R i %) ¢
Ak BB A FE TR Th 26 Py, AR IE 254347, BY)

Py~ N(Nipae, Nro3,), (28)

HHIE N Ny, 77228 Nyo?, Fod py, Moy, 7090
PN B — e AR P B B T EV AMALE
[i) BB ¢ Ak 70 78 FiEL T 25 P B B A b v 22, 1 EL a5 0%
FA P Bt 2 DCDP 7 s B ¢ AR A 25

[ 2, 5 A BR A T P R0 PR FH 7 BTt RE AN
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T.EV BEARLERS (8] B ¢ (1) 56 e I Poy A1 Py, 1
MEZ 53 A0 50 A
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—RH P AT DA R A S AN,
T2, BN L EV BEARLE I 8] B ¢ 1 44 78 5 2D
P R KPR I IERS AR
3 3
P+ Py + Py =P, ~ N(ZNiMz‘uZNiUi)
i=1

i=1

(31)
NTLEV#4EDCDP )it S A2 B 3 il s,

Y5E P, P FIEVSHL,
NLEV#4&DCDP =[0]

i=1

SR i FT P
0K 7 4

j=1
4—‘
133N AL
EV TR j Ry
TR IN R

v
THEL I 78I HL T
SRR YT A b v 2=

v

CEDAINENES
FH P ) DCDP,

| DCDP =DCDP + N, < DCDP, |

N
%
(it A T.EV BE#£11 DCDP )

3 AILEVE{FDCDPitERIE
LAk, i R AT AL 45 A N L EV ## 4K 1 DCDP Al
HAE 96 NI 8] BE Y 78 755 D 26 (1 b o 22 o, AT LUK
SN T EV #EAK 45 B 78 750CH T 2R By A X 18] 3R 47 4
1
P{|P, — DCDP(t)| < 30,} = 0.99. (32)

3 HINRESSHERILEEHNITESR
31 [EEEASHESH

WEN FR, ETEFAT AN LRGN
T.EV MR T BV B4, A SCAE Matlab 17 B35
NIRRT X BBV BER I A e . e Ah, AR SO

AN THMIZAT AR A T EV R R A KA A
MIV2GHEUR, 515 EV B A% 7 A 2 fif 52 1O/ H, B
A 78R AT A0 DI A A U B, B2 T R
W32 AT [ 22 5 PR R AT SEPE SR B I TE AT R G R
AT LSRG, e 2 T N SEBR L S AT N B f i ik S
*%.

H1 T S HLA AR AL S R, e S I, I TR
SBUH I R 571200, 4E 2.2 W43 B N T EV B
K DCDP [ JEAl_E, % % FHRA F A A1 V2G Bl i 25,
B AT TH R SEIR, 2 BT AR F A A0 V2GRN A [ 5.
W44 (P, Py) T, N TEV A DCDP X J& [X 35k H it
it HE 2R R sme. A7

1

Var(load) = — S (Lat) - Lay)®. (33)

Ly(t) = Lo (t) + DCDP(t),

1T
Loy ==Y Li(t).

X (33) Nt EH B EEN G, X 77 2
(1 22 ak 3, Hord Tt — R 2 1 96 AN B Ja) B fir 20
. Ly, (t) M Ly (t) 73 mIAREN T EV BRI G ¢
I B Ak 1 DX 3k £ g i, Lo SR AR a0 =0 (34) B,

15, A PR B L 52 A M A 58 A AR BRI F P 1
NE5 5008 800+ 150 F1150. F FE iy U s B M 9: 00 ~
12: 00 #117: 00 ~ 22: 00, ik 73 I} B 4 0: 00 ~ 7: 00,
AR BB T B A, 15 L R R SR A I
AZHUNFR 1 PR,

®1 BEIPREEASY

(34)

ZH il ¥ il
H 2 & E. /kWh 48 SOCmax /% 100
SOCmin /% 20 || tRFETIE Py /kW 12
BIRRINFE Py kW 5 TRAIIH Pajs /KW 6
FEHE D/ %o 82 TR AL g /%o 88
HARKEHE Wig0/kWh 15 FHJZEE Say / (km/h) 515

3.2 FRNBRES THEEREX XI5 A2

RIFAEARA AT V2GBTS 5L F, N T EV ##
K DCDP 5 H 432 N oL W Rl J5 X 358 H 477 i 28
K4@) Fin. g R BERERA P AR S5
V2G 5 7 7t L. Kl 4(a) P AT EV 44 () DCDP 15
K2, YL s IR R0 T X f o T 5 A e —
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YR BB NS5 IR T X347 A it 3.
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