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Game—based Vehicle—to—Grid Energy Interaction Model Considering Car

Owners’ Willingness and Costs

CHE Liang", CHEN Shidu, YI Xingyu
(College of Electrical and Information Engineerring, Hunan University, Changsha 410082, China)

Abstract: A V2G energy interaction strategyconsidering the cost of response and EV owners’ willingness is
proposed, to address the issues of insufficient consideration of user willingnesswhen electric vehicles (EV)
participate in demand response and the unfair distribution of benefits between the power grid and EVs in demand
response. The strategy quantifies and analyzes the charging time delay and battery degradation costs incurred by EV
users in the interaction. And allows EV owners to express their interactive willingness by specifying their cost
coefficients to obtain reasonable compensation. Subsequently, a two—level Stackelberg game model between the
distribution system operator (DSO) and EVs clusters is established and converted into a single-level mixed—integer
second—order cone programming (MISOCP) problem based on Karush—Kuhn-Tucker conditions. The effectiveness
of the model is verified on the IEEE 33-node system, and a win—win situation between EV owners and DSO is
achieved.
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ES(TK]
b 0.005 0.003 0.001

42 FE&ERSH
42.1 mAFEV L 0AITH 57

EV 22 H.J5 i 07 AR W36 3 fir s e 1,
2RV $E 38 1 L7 AR 2250 o A0 5 (R EV 5 DSO
138 B IR AR B, FE AR FE bR CDD F1 CMOEEREAIR
X R AR A A 22 88 a A1 K S 30 DSO M EV 4k
WAy I i 7 R 55 1 A B v o e 7 R 55l > A
(B i T L 07 A B B A%, DSO kit e 7 58 R
WA L 2K i 1 R 55

FHEE T 2201 13k 15, 1 2 5 61 3 M8 T EV
SR NAR R NE AT LUE 61 4R 3
i) CDD H 224 3 i 90.63 76, 29 1 HAERE3 i CM
LB 22451 2 (1755 220.79 JG , i J2& B T 529 1 AR 3 1Y
i 7 TS ZR B o FI b i X B2k R Y BV 4§
PEATHE =5 A B AR R B (o N BB, RIS 5
U8 Bh i B RN G , 7628 B AR rp R % i 17 Al
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G5B DRI JHAT AR 54 0 17 B AS

W AMEAR 1 A, A6 AR i AR R D )
BT CM 2377 A28k 41, CDD L Al R A2 B 52 (2 0L
S 15500 2 AR 3 IR AL DL ). X FE RN
EV 5L, AR XS 58 F IR ] S B 5 A5 e . (A
A5 B ok 3, R Tt AR P A 7 R I ] SEE R AR SR 4 5 L
SESE AR, N 25 a b X EA 17050 24T
R A

Fz3 FBEV EEHHSTRRME R A 3T bk

Tab.3 Comparison of actual responsecosts among

EV clusters JT
ES] ARG bR LR £RE2 3
CDD 1090.24 1360.61 2578.47
ESLIDI
CM 0 163.76 578.25
L CDD 1090.24 1217.14 2152.41
%2
CM 0 162.69 357.46
L CDD 1090.24 1410.75 2 487.84
2013
CM 0 162.69 568.25
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Fig. 5 SoC variation diagrams of EVs in cluster 1, 2 and 3
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Tab. 4 Comparison of the economic cost JT
ESY DSO i B2 B3
ESUIp 9106.0 154.8 120.1 141.5
ESTR 8 620.6 134.5 111.4 124.4
ESLIN] 8 675.7 134.1 102.8 113.9

Z ARk K, G840 1 Y DSO BAS i s T 58
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Fig. 6 Net-load ramping powers in the distribution system
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Tab. 5 Dynamic prices solved by the model jT/kWh

\ HAERMA,,
Hsf [E] /h TR e ena P BR
1 0.3019 0.603 8 0.603 8 0.603 8 0.603 8
2 0.3019 0.603 8 0.603 8 0.603 8 0.603 8
3 0.3019 0.603 8 0.603 8 0.603 8 0.603 8
4 0.3019 0.603 8 0.603 8 0.603 8 0.603 8
5 0.3019 0.603 8 0.603 8 0.603 8 0.603 8
6 0.3019 0.603 8 0.603 8 0.603 8 0.603 8
7 0.3019 0.603 8 0.603 8 0.603 8 0.603 8
8 0.375 5 0.713 8 0.6709 0.621 8 0.7510
9 0.3755 0.3755 0.3755 0.631 8 0.7510
10 0.449 1 0.449 1 0.449 1 0.449 1 0.898 3
11 0.449 1 0.449 1 0.449 1 0.449 1 0.898 3
12 0.449 1 0.449 1 0.449 1 0.449 1 0.898 3
13 0.3755 0.3755 0.603 8 0.3755 0.7510
14 0.3755 0.603 8 0.6552 0.3755 0.7510
15 0.3755 0.694 6 0.6551 0.603 8 0.7510
16 0.3755 0.603 8 0.603 8 0.603 8 0.7510
17 0.3755 0.603 8 0.603 8 0.603 8 0.7510
18 0.3755 0.743 8 0.711 8 0.637 8 0.7510
19 0.449 1 0.6917 0.650 5 0.635 8 0.898 3
20 0.449 1 0.674 0 0.681 8 0.637 8 0.898 3
21 0.449 1 0.668 5 0.669 8 0.637 8 0.898 3
22 0.449 1 0.664 9 0.646 5 0.637 8 0.898 3
23 0.449 1 0.655 4 0.6416 0.621 8 0.898 3
24 0.3019 0.603 8 0.603 8 0.603 8 0.603 8
5 &1t

P T —F V2G e HORES . G, mAk T
EV 7542 B3z A% v (8 o) 1 B A, RIVES ] S2E 38 B A
T F R AR RAS s BE S L 2 T EV 5 DSO Z [E] ) 58
H 7% A5 EV BERE i 42 52 Home i s A ROk 3R
RILEE , ML BV 42 325 SR ME R ) i 24
W AZAC BB B T TR AR AR TSR e AR A R
RAE T EV W0 R A 5 2 2 s A, DUTTT AT A5 1S 4%
EV 58 B AME: A SO T ek (9 TEEE-33 1 5 R 4
X FIT 1 SR MG AT T 0 L, B AIE T TR R AL A
Rk, I 0] FEAR DSO FI EV AU 30 lAS , 78 A 10 5%
PERYZRB L rh, S5RIATE B RBI4M L, EV T
Hy 2 FH AR08 /> T 15.75%, DSO BB 4T 3 kb 7
4.73%.
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