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Fig.1 Revenue composition of EVA
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Design of differentiated charging package for electric vehicle based on
Stackelberg game considering user contribution
WANG Huaxin',ZHANG Gaoli',LIU Jun?,SUN Huaben', TANG Bo'

(1. School of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China;
2. NIO Co.,Ltd.,Shanghai 201805, China)

Abstract: With the continuous deepening of the power market system reform,in order to improve the cur-
rent situation that most cities in China have not yet reached the level of encouraging large-scale EVs(Elec-
tric Vehicles) to participate in the demand response,and to fully mobilize the enthusiasm of EV users to
participate in the carbon market and green electricity market,a multi market integrated charging package
strategy based on the image of EV wusers is proposed. On the premise of ensuring the charging satisfaction
of users, users are encouraged to change their charging behavior, reduce the peak-valley difference of grid
load, and maximize the profits of EV aggregators. A package decision-making model in which the master
maximizes the profits of EV aggregators and a package decision-making model in which the slave maximi-
zes the user utility are constructed. Nash-Q) algorithm is used to solve the Nash equilibrium solution. The
example shows that the differentiated charging package strategy effectively improves the operating profit of
EV aggregators and reduces the charging cost of users.

Key words:electric vehicles;user profile; EV aggregator;demand response;charging



0 & % S

Mt A CF fl CF-Tree fUit&
BIRCH &35:FI i 7 1 CF Bk f) CF-Tree StBIBu B, 3L EARRGTH B S Ll F i
1) CF,
CF /2529 BIRCH B BB R (0 4, [ CF MR 4012 B, (I —5E i 48 N 4 D 4835
P KN =12, N ), TS S 52 S — A =764 CF= (N, S.,Se) -
SN AR IEER, At (AD Fisg.

SLzziN:l;r; (A1)
Ss AN K RETF R, AW (A2) Fir.
N —2
Ss=2 % (A2)
X WL, AR (A3) iR,
.
§<o=—2i=1xi =St (A3)
N N

RANIEFAR, oKW REBFLOHFHEE, A (A4 Fir.

—
- o2
R= ZH(S %) _ NS,ZZSL (A4)

XFBRAAMIEMRC, MC, . RIHFED N CR =(N;, S, Ss) FICF, =(N,,S12,Ss)
D, Wik EAR, R 2 N EE P EE R, FDORBAERE A R SLACE, A3t (AS) Bk,
\/Z:\Illz:\‘lr\jizl(z_z)z - (A5 )

D, =
’ NlNZ

Nl N2 N1N2
A N N, el Coy G B AN EG Say Se 20008 Cor N ST RIGE AL C, o N, SRR I 2t
Al S S0 CoH NSRRI T AL, Cy v N, AN R IR~ J5 Al
2 ) CF-Tree,
A CF 41 CF-Tree, ARRTT f1n) 4% R ER BB A ST 1 7719 5 LA 1775 fd B R B A 1Y) CF
R BJE AR R CF AN, B 0225

\/EJF&_ZSMSLZ



0 & % S

% B
300 —_
= 250
E 200
= T

—— ECKWISIEL, —— J N
Bl EBMEEMINEXR

Fig.B1 Relationship between package price and response power
iz C  NE fF£AE LA ME— 1L By
DNUERA TSR B ) g A I B A AR HME—, LR R 2 AT 3 AN oA
1) 2535 AR B B BUE 23 [ 205 2 5 4
2) HEREEVAE RIS, AT TR s s VR A AE B
3 HH G EIMERRE, AT EER EV G E R sh R AL B —
HIE3C (1) "%1, 72 EVA 5 EV HI R ZES, REmmERME KRR (BREMK . HHH
B RAGELE T2, 2%, Wa. AANES, JFHAR MENTE, WLkt D.
FER O FE b, & F P SO BR U, SR 78 HE AT 0 R — B 2, RS JLAET 0, AT
M i AR BB e LS bR 78 WL AU Qg
Q=Q.-22h (c1)

a)zﬂ“n
X PO EVA G ERSE n RER D d B k.
AR E AR EU, XF @ — B S R RT Q, (d e Np ) #EAT Bk &

2 _2h §_p
U, (4y) _ ()
0

Qo 44D

Arbe N WIS, AR DRSS B RS AL N - 201 o
B FACT LR B, HAE /N T 0, 8T A2 Hessian MFF A FUE, MIMATHIET EVA S HANH
R I 78 R A7 Ay A AE ELIE—
RIE, R AL TE AT AN EVA et B KL, JF R BLAT S04 1 — B i 3 KON -
51(Py) {_M d=D
L (c3)
PP,
0 d=D
B, HFRRE T RARER i w S B 0. Bk, 455E EVA E N 5Ens, EV BRI S0
FAAE HLME—; 2558 I IO L 3EmE, EVA B IR A7 78 L — o B UZ ISR Il B AL A2 251 20 A1 3D




0 & % S

KRR AT i, EVRESM
e PE O B A IR B A

v
EVESR. APiEAR312) . 2
3 (14) AR

v
EVER G R ae i, B B R4 )
AR AF 78 RS T
H b B8 5

v
UL B e AR LA \

12
o Ra T AR AR A - R ek
B CAHESIZE & T 204 3 1 =%
6], RO RE A 1A L R RE AR S 1
YU R B AE .

fic2

v
B+ BIni P A B RE 1, KA
BB UHS A a1 e RS

fEZEAIA
v

OB AT B0, 25
% B AR LB REARI- 1A S LB 1

Fig.D1 Flowchart of NE solution

W3 f

1

id5%Nash
i

H.
E

[ D1 NE f@K iz &l



0 & % S

M E

& E1 KM BITE
Table E1 Charging standards for filling piles

St S BRI T
1 1-240 0.4883
2 241-400 0.5383
3 400 L | 0.7883

*® E2 AR SRR
Table E2 Charging standard for public piles

bt
i Bt A 1k A TE] (BRess #h+e1 3% ) (Jo/
)
P 10:00-15:00
W B2 18:00-21:00 14
- 07:00-10:00
B 15:00-18:00 12
EANing="d 22:00-07:00 1.0

a2

=ds
e *
- -
< 2
l&‘
- ORF .
K
£ = =
b
r ]
- -
3 ]
e
237
Wa

. L] L) 40 -
e 9N, Av v r"l
4 ¥ . v
(a) AZEH P (b) B2/ (c) CEm/,

B E1A. B. CXAFEKE
Fig.E1 Portrait of three types of users



& 0 & % & it K
30% 30%
#20% B 20%
10% = 100
0%a 0% 5:00 10:00 15:00 20:00
5:00 10: 15:00 20:00 - - g -
e b . AR
= =]
= 5 == i JI S R |
* 9,
40% 41%42% 43% 44945% 46%47%48%49%50% 0% 60% ?ogﬂﬁ%?% 0% - 100%
EMEH -
1 16
5] = 2
=z X = 1=
e 0} = = r- =
65 5 Y 3 3 0 12 5.0 5.2 54 56 ;;3@6[3.?;&[)6.4 6.6 6.8 7.0
- Tl . ~
X 3R H/(h) 50
= 25 =2
| P L2 =
0 ST 5 hfo0e Ml 0 asZ2i o
500 700 £00 900 1000 1100 600 700 800 ='900 1000 1100
EfHE/E EiHEE/E
() AZaRIAR (b)) AXbRAR
30% 30% 30%
20% £20% #20%
k =
£ 1% = Jou = 10%
= 0%
0% 5:00  10:00  13:00  20:00 0% 00 10:00 15:00  20:00 5:00  10:00  15:00  20:00
o FREREIBE R o FEREIEZ o FREREIBETZ
16 10 10
= = =
= =5 - === = s o
.. I SRS SN ¢ . 21 A i A N frome” e
10%  20%  30%  40%  50%  60% N 10% 20% 30% 0 10% 20% 30%
10 20 10
e 4 ; = 1
& =AES =5 == = 5 3
L = R G- S5 N T O
0 T 3 ] 2 0 2 4 3 ] 0 12 23 30 33 10 13 5.0
F MRt /(h) FFET/(h) e i)
= 30 %JG = 30
F 25 Hos = 25
o ._5_‘5‘-;-_3:_—- < a5 o ._-?5-'-"- | < l L -
600 700 200 200 1000 1100 600 700 300 200 1000 1100 0600 700 300 000 1000 1100
BHEEmE BfEEmE BiysEE
© AXcBARF () AXJBRP (&) AXeBIFF
30% 30%
320%] B 20%
109 2004
0% =00 000 1500  20:00 0% 300 10.00 1500 20:00
F e EasET TR
10
= & s+ =
Yo% 50% 60% 70% 80% 0%  60% 70% 80%  90%  100%
0 ESE =ty 0 E=WMEH
= =
F 3 —- g 3
o | . o f""“\-..
0 4 6 8 10 12 0 7 1 & 10 12
FFE /) FREL/m)
50 50
= =
s 2 s
o | = - o e = "
600 700 800 200 1000 1100 600 700 800 900 1000 1100
EfysE/E Eigssm
() AZXfRIFR () AXgRAR

E E2 A £B AR B P FRBITAYFHE
Fig.E2 Charging behavior characteristics of Type-A users



0 & % S

0

RERSHRBERTENR

HEETRAEY S

ST B 234170 11,300
[T ’

A6, 1Kl 1. 1. 1

E3 EVA BRI L R 7R E R
Fig.E3 Visual display panel of EVA

1100 70.6
1000 | t t ,
g0 - || A 40.5
800 F || . ) ]
2 I A
i\ 40.4
Dy R I ARIEIN E
EQ 600 | W Fl | =
\ e
A 0.3 E
1S | - _ 4o
500 [ Al ry i { M &
400- e i H [ + b . E
F ’} } % . v ) =10.2
300 - J ¢ ]
| \
200 i ﬂ! o ﬂ do1
100 | | ‘ ]
0 ! = ! 0.0

L S VA 1V S VA S 1V N 1 VR 1V G VS D
[ VR S oL e S W T T e e ol e Vel S T L S B s e
O Apgfeas mims [ BPgsess s [ AP Esess’ sk
B Apsfskonnik [ BPEfesc auma T APEfesc mams
SEPEATIRELRIAN — SRATREERAIE  — SURATEREEY AR S RATIERERY Hi
v DA TR S ERAL GURETIERERD A« SEEOTIEEERD M

GRCRATTAF RN — SUPRATIEREERC M+ SUPRATIELEC Al

E4EVA 1 EV AFPXZ TERRIEEF
Fig.E4 EVA and EV users' choice of multiple packages
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Fig.E5 Influencing factors of different packages



