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Abstract

To address the issue of random load fluctuations caused by electric vehicles (EVs) connecting to the
grid without a guiding mechanism, and to highlight the practical value of vehicle-to-grid (V2G) in-
teraction technology, an optimized electricity pricing model for EV charging and discharging was
established with the goals ofload leveling and maximizing user benefits. The charging and discharg-
ing electricity price is the primary factor guiding user participation in V2G. Due to the lack of a price
guidance mechanism, user participation in V2G tends to be irregular and highly random, posing
significant threats to system security and grid stability. Therefore, a reasonable electricity pricing
strategy for charging and discharging not only facilitates load leveling, reducing grid pressure, but
also lowers the economic costs for users, achieving a win-win outcome for both the user side and
the grid side. Firstly, by analyzing the differences in EV parameters and user travel habits, a charg-
ing and discharging power model for EVs is established using the Monte Carlo method. It is proposed
that the large-scale integration of EVs into the grid in an uncoordinated manner is detrimental to
system operation. Subsequently, a price elasticity factor is introduced to calculate the charging and
discharging of electricity before and after the implementation of time-of-use (TOU) pricing. Simula-
tion results demonstrate that the proposed TOU pricing optimization strategy for EV charging and
discharging significantly reduces the peak-to-valley load difference, achieving effective load level-
ing. Additionally, by reasonably allocating the benefits and costs of user charging and discharging
behaviors, the strategy effectively ensures economic benefits for the user side.
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Figure 1. Distribution of charging start times for different user types
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Figure 2. Probability density curve of electric vehicle charging start time
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Figure 3. Probability density curve of daily driving distance for electric vehicles
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Figure 4. Charging and discharging power curve of electric vehicles in unordered mode

B 4. TFBERATRIN[EFRMEINRL

R KRBT PN RN, IS, 28R W A AT R A RGet— BT, 1
AENHE— PR, RN A B SRR, W 2 (O, ™ EE W i Y 1 2 A A AR E I8
Ao XFTHPTE, T 78 AT RE S 2078 AR B N . E eI B e L, P R RE T Ik B v ) LAY
MR BT A RS o B gt AR G AN, P AT e L 2 B 7S A A T TR

DOI: 10.12677/0rf.2025.152099 485 BE 51


https://doi.org/10.12677/orf.2025.152099

ARy A

P32 32 B AR ) o 308 3o ) 5 W 4 70 PR SR TR A, O P 20 IR SR TR AT AT 51 5, NTTIA B R 458
A4 VA SECAS 1T H R

3. BB KA P

3.1. {ragsstE
A B S FH AR AQ 5 HL S Ap 2 s
=
P 8)

FERLA B PR I E 7T DIl P . S84 40 573 A8 1 58 (9) 7

Q| [Q Ap,/p

, A

%1% s ding((Qu0. Q) Pa/P

Qi' Qi Apl/p (9)

e, QU Q, 40 B A ST G4 ML RISHERT | I B EOFE E B Ap, 1 p 4 B A S RG2S e 40 AU
ARSI . M T A ST A B, RPN S A A b o py -
b+ SCHERTZ e N p, . WA

%l [Qu] , AP/ P
Qci = ch +§diag([ch'Qc2'Qc3]) Ec Apcz/pc
ch Qc3 Apc3/ pC

(10)
HHt, Qu Qe Qu NSRS FHL LU, MBI R PR AU AR BRI TS R QL Q,
Q. MG 75 L LA AT, RS B AN A B Apy s AP, AP MUEAS LU SCHE AT
AT N SR E, N7 N IR, B R ST NS, . T BT
HH BN Dy« Pa Por SCHERTZEFEHLHLAT A p, . T

Qup Qu1 1 APq1/ Py
Qi |=| Qa2 +§diag([le’Qd2'Qd3]) E Apd?/pd
Qq Qus APys/ P

(11)
FH, Qv Qu s Qu ASCHEE A U BN A AE B0 P AUE AR BB L Qg+ Qu
Qo HSHEVEA 7S L HL AT, 0 REI B FO AN TR Apy~ APy, APy, HIEZS LS B F
FCE BN s E, e A

3.2. ®imEE

Wi satE 2 2 H R, BAARRIE LR 7.
1 HPRMER.
(1) SEEHF DR AT I ] [ 5 (e W TR L), 7 SRR, o LA AR A (R AR B eI, vk R 8
~0.2. WP AZBN G SRS RA R, 7 B A6 ) hn i 2 22
(2) RiGHF 78 s A B BN RIURK, 9 R le,, ~ 0.8 o BRI P BUA TR AN I B 3=
B AR 7R HTH R, R WA 1) o SR

() WHE WETWEREK, ZRBEMER, RBTNEIRES M, #MERe, ~05. HHH7R

€

com

DOI: 10.12677/0rf.2025.152099 486 BE 51


https://doi.org/10.12677/orf.2025.152099

ARy S

HLRR SR AT Zh A i 51 3 B AR g B, BAZIE S I RR ], RE TR RS

2. I B

VI B P SR LR OR B, X L U R, A R e, ~ 0.3 0 DL BOB AT B IR B AEAH]
M TR, HACRA R

R BUH P e ok o 2 3 e, 3 R e, ~ 1.2 o GBI RME FRARAS N BORLGY, T IR 5] R
RLP A G- e e FE ATy, SR AR

3. Ht A ER

FAEERR AR FTEERKEE, F7 T I B R AR, SR RS e, 204
AR e mE . Ryt WP E SN (G, R e,, ~0.7.

S PRI BURp bk, M@ DUR SE s PR AR I B, AN SRR RS E, -

Coompeak  Ceompeace  Coomwat | |02 0.3 0.5]
E. =| foxpeek  Efioxpeace  Eriexyal |=| 04 0.6 1.5
| Chuspeak  Souspesce  Cousvar | 03 0.5 1.0] (12)
Coompesk  Coompesce  Coomua | | 01 0.2 0.3]
Es = efdlex,peak efdlex,peace efdlex,val =105 0.7 09
| Ehuspesk  Couspesce  Eousvar | |04 0.6 0.8 (13)

Horpr, P Btk R BRI SR SRR E N €0 < 0.6

BURME TR, P 450 5 P R BT RE S RN R Gk 2 6 2

2 R 35 P B8N 10% (W1 30% T 55 400)HT, g ke 1 15 ST HI A I B AR, A B
BEu s N 15% (LA 19.8% T+ & 22.5%). SR1M, & RiGH 4 ik 50%, 78 AT v a] fER i
JEE T2 B 31 RS S Fi I o 2RSS

M@ B m (A0 50% T2 60%) T, ARSI e A T U I B A L SR LA LAY 51 R
Ry, WS E RV _ETF 30% (M 17.4%18 55 22.6%) . IS 75 45 & 76 F g 2 ml i sk 00 2 1 o, 4%
FR UG 4 5

P 2% B 0 A DA (I 2 B 2400 5 L AR T 10%), ml 350 R Grde fk bk, 48 B s s R T 12%,
[ B B AR Ve B BB L T 77 o DRI B S AN SRS 5 5 P G5 i A Ak . e e BEi W [R50 o, DA S I i) 0
A5 R P BB R

R BRI A B PR, SIAREBERT o« , BIEARWTF:

o =€ (14)
Horb o IRPEA M RBE, N3k 1R,
Table 1. Battery capacity categories
F 1 HithA2H5
FHL v 25 = 2 ) ol FMEARLL

i 25 5:(20 kwh) 11 FERLET A, RIEPES, PMERETE 10%

78 8 (50 kwh) 1.0 FEAEE, oM R

(100 kwh) 0.8 FREFRA, RiEHZE, #ERFE 20%

BRI R, B WA B =R S, 2 X GEaitkE e

DOI: 10.12677/0rf.2025.152099 487 BE 51


https://doi.org/10.12677/orf.2025.152099

ARy A

par — Cpa“r (15)
Hob pe (B8, RiE, W], qelid, F, B}, re{ffa, b
3.3. APamiRE
5
P | Q2
Qs (16)

P
e
i
¥
b

JECHELE B 5 S A S T R ZE (RO T Sl s W

Qu1
Wo = Py de

Qus

Py + APy, e T APy
= |:de ’ Qdi ’de:| pd + Apd2 Qcp QCI ch:l pc + Apcz
Py +APys e +APs

(17)
Forb, o wy gl B SR TR T B, W, DA B S B e A B AGRR

4. EBI5Hr

R BEIEAS SR BRI AT 53 I FE TR N AR Y B e, 45 6 b SN 1 7 T3 FRL D SR AR A 15 o e
P, XX BN K V2G Sy R AT RS AN O B o A R AT AR, 4 AR HR i R
BN TAEM =D m I 08T, # PR . & 2 ?’ﬁ?ﬂﬁl:%mﬂ_ﬁéaﬁiﬁ, AL N
o BN T, =[9:00,22:00] . T, =[7:00,8:00]w [23:00,0:00]. T, =[1:00,6:00]. &l
hr %E{BHUE’J?EEEEEM p. =0.60 7t/ (KW-h), L HIAN p, =0.80 JT/ (KW - h)

Table 2. Typical daily load
2. BRIFS

g i Z1 FF MW 75 i Z L IMW 75 i Z I IMW
1 1:00 928.4 9 9:00 1165.6 17 17:00 1219.3
2 2:00 919.2 10 10:00 1198.2 18 18:00 1203.8
3 3:00 912.2 11 11:00 12485 19 19:00 1192.9
4 4:00 914.4 12 12:00 1183.3 20 20:00 1213.0
5 5:00 973.8 13 13:00 1140.4 21 21:00 1234.7
6 6:00 1039.6 14 14:00 1161.2 22 22:00 1140.6
7 7:00 1084.6 15 15:00 1183.8 23 23:00 1043.8
8 8:00 1085.0 16 16:00 1197.4 24 0:00 982.9

# 10,000 ##%. 50000 %##1 100,000 4 HL AR 2 J3 0l 48 N HL I IR PRI DG4 22 SR EAT XFLE, &) 5 B
MBIV A R G I 5 B0 T ok RAREIG K, i L Y BE 0 2 PR T B A B R AR AR R, S
g 22 F ik BT MECEITAF] 100,000 FEIN, 1A 22 AIGNE B2, T B S I ELAT HEEE DL f
I EN o

BT RS H B, R SR RIS A R TBORAT A . 858, 1% — e Ll o B B 7 (50%)
FE FH P (30%) A HH Z7(20%) , 25 T H 7 r IS [|] 40 A AR Bl e FURR AR I 2] . ook, b B B S D)
AT 1% 30%- 50%. 20%fH) LA 43 BRI 2 2 (20 KWh + 7 kW), 125 5 (50 KWh + 50 kW) 4 &
(100 kWh + 50 kW)4H., 256 K@) ~(7) i E R ER ) 7 i I K a6 . e, BOEBC MR KT

DOI: 10.12677/0rf.2025.152099 488 BE 51


https://doi.org/10.12677/orf.2025.152099

ARy S

DIy 1200 kKW, 2478 D)3 A, il A a8 78 AN Bh A B A 51 3 5k, DL Se ORIE R 2
R, IR A B RG] RS R He R S AT .

40

. 0,
35t 2%

4 5 6 7 8 9 10 11
RBSERE (i)
Figure 5. Variation of peak-to-valley difference rate with different numbers of electric vehicles connected to the grid
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Table 3. Response differences among various user groups under peak-valley electricity pricing
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Figure 7. System load curve before and after optimization
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Table 4. Electricity consumption and rate of change in different periods before and after load optimization
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Table 5. Charging and discharging prices and rates of change in different periods before and after load optimization
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Table 6. Total charging costs and discharging revenues for electric vehicle users within a day before and after optimization
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Figure 8. Comparison of charging costs, discharging revenues, and total cost-
benefit before and after optimization
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