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Abstract

Since the second half of 2019, the growth of domestic new energy vehicles sales has slowed down
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due to the decrease of government subsidies and insufficient charging facilities. In order to solve
this problem, the power exchange mode began to be concerned, but the high construction cost of
the power exchange station makes the development of the power exchange mode difficult. There-
fore, it is necessary to introduce the PPP model, that is, the government guides the new energy ve-
hicle enterprises to cooperate with battery enterprises to build and operate the power station. In
order to analyze the willingness of each group to cooperate in this model, this paper establishes a
tripartite evolutionary game model, calculates and analyzes the evolutionary stability strategies
in different situations, and concludes that the situation that each group tends to cooperate exists,
and discusses several key factors affecting the cooperative behavior. The results show that gov-
ernment subsidies, cost of electricity exchange, profit of current mode, electricity price, charging
time and risk of electricity exchange will affect the evolution of evolutionary stability strategy to
tripartite cooperation.
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1. 518

NG RS AN REVR 1]ty SR 1) s 7, FREAMA SRR B B UR AR, T B AR E BRI R TR
BTSN [L]. B REIRIR A SO =N R F OB SRR T AR ) 2 ¥ he
TRREM BRI, JHAELR, FJHZERERECR, HaeliiRE ML )2 KIEEREK2].
BT I BT RAESE, 377 it Ve RREE -2 (/N3] o — P okms 2 e il 2019456 A, XK
KRG RAT (HEBE SOV 2 5 T i 8 BRI BA R FH S U7 %8 (2019~2020 4F)) , BHEAER ] ik
HL” L “THGET SR, 2020 4F 4 H, PUEIRKRAT COT 8B RRIRVR ZEHE T RO T BORMI BUR 1)
WY, KRR, R AN AT 30 TR E. WE, TSI IR AITRERS,
AHES M AR AE R Ge— . e DA R AR, e BB RO SR HL[4] . e BB R A AR 42 R
A PEEAMRERCEE W KL IA[5], (HHAETE S sl @ AT IR . FRTBARHEAGAR B AR . bR R SRR,
] i A HR IR A S 0] 6] . O T REAE A PR WP BRI T, SEELA LR 25 R R4k, 51N PPP (Pub-
lic-Private-Partnership) 5. N H PPP #5 30AMY i] DAREAR AL 2 B AR T AL S Sl A, S Refe it A
=R RG], B TREYEMBEEMIARE, &350 6 7E KR st Ua B &
[8]o A iz I ALIBEZEREE R B B IRIR AE Al st AV AT B BIIR A2 P =5 ROAT N SR o Sl
SEIRAIEZRAERY, b &R B AE G AR SR AR e AR, XSGR REmA [R SR AT O AT,
FEE R AE R IR R AR U R R IR S %

2. MXEkEmd
2.1, #EEN

H 2019 4E R AAELIOK, B B BEIT TR B G R S, ANV KR R T I AR HE LA AL, B
REVEI R B A D A v, RIS el TR R SR A . AR ALK B, I & A HE L
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REEFE GG ST, A ERIERFT 0. Bt 2 B IRV R A% O IR, W B Be IR
R BB TE ARSI AL Geik I 22 (1) SCHEE[9], T FEVB BRI 22 Atk AT R PEAS 2 DL P R 3
AT EAE A 2 7 PR RE[2] [3]. (RS RCT, FHA B RZ R, [H4) Better Place 2 &)k
Bk kg — e i bR, IFCE RIRIVRZE] R BN R e S — e, H T HIBAT
FRUERI AN Gi—HMERE R, Better Placed HHLMibRAELL H bri% A SCHL[10]. FE B 2008 it D& Ma1E
i B 5l 2 ZE AT T R e AR A ), (EZ BRI BORIA SR . AR AR AT A, 6 At
A KA [8]. XIFFHF I X He A a0 SWOT 04T, YONTE R REH Bk Z 14k in
N EHe AR S B P 4], AR R AU R AR b e B G — Ok AR, R B s AE T F I B
P, I E B R[11], S A& s R e M N dE b B i, 7, i AR A e e SR AR
TRAEIRAB S, R T Bh IR IR A i AN 22 A [12] o 8 F AR R B QAR AR 2 A T i AN SR [8]
FT LA, A2 RR A e Bk e Y ZE AV A gt AL A 1, SRFEAT RIS H vl 1 2

2.2. PPP &R

PPP Hi:UR[ 7 A& R AR, ReFEEMAA N =R, %I BDO. BOT. BOO. BBO iz H .
RE O AR IE AT SCIBAIEAE NH PPP A, I =@ Xt PPP AR A B A VR 2 78
L BE R B ML S 3BT, 43 AR RERVR R AR B e h,  PPP B IR SR IR (7], FIRAE
I = AT AT B 7 F R A R PPP I H BB AT, RIBRARRAS . S R R TR SR s s
T FAMRR R3], %50 PPP+EPC A TE AR & BTl H IR 7L, 3 H B s e Rk LI H
HORFIKFBEI[14]. 25 BRTIR, TERrRelRSEmt g derh, (EH PPP A5x2 n 1T 11,

2.3 RUEE

T T 25 1) AR AR VR T3 ZR SO AR Pt A BRAR R 30 B PR30 1 R DR G, AT PR B 1 R A1
BTN B, A5 B R IZh AT RN AR E e o R B A 5 R FIA P2 B R SR AR AR 3
RoR NENAE S P EENAEZ Z R — AR T fE . RS ZhA TR, 7T AS BRI 2 8 A A AL
L HAT A BNZS AR [15] [16]. A SCRE B A6 R GREARRAUE 07 I DTIR[L7], 8T REIRT T4 4l
FL L e b AT RE IR TR 42 3 =5 ROAT SRS, JFXS M 5 1R AT N R D9 B DR 32 AT PRARTHE

3. IREHE
31 BHRERELRE

7E PPP RGN, MW REIEE A lk. Mibdb . FrREIIRAE G B IE RS, B A AT s i A
b [ ARCHE S e A AT T S0 40 L R B T RERT TR A A e FELSE S 2 A e D 2 A R B R (1 71
W71 At A ARE i 0 B s B I B AT (UL, ORI AR T AR 55 B AR RE B T RETRIR
RFEAL) T RRARE I A, g 7 RS RS H . o TRt =TrmaE, BUF
Xt =07 AT AN . 52 5T IR A WA 1R .

AL AR T 5 2 5T SRR, Jeft i UM EARUE -

g —: WAESHI ARl A, il E Y, =07 B A IRV, R e
MR, AW R SR

BUE = Hera bR e LT i) /N TR RETR 4 B AT AE S AR TS L LAY iy (RIS )

BE=: BNSE5TTHAPIRNFNG: Xt PPP RLZUT i A 2RI /R BAS 5 11 S

BUE M. H s ML, BB R pRASR R EMAL, 1 B A2 A Cy 2 — Itk
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Figure 1. The relationship between the three parties in PPP mode
1. PPPIEXT=AHHEEXR

XS EEWMTE 1,

Table 1. Parameter settings
*1 BHRE
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3.2. {REME

BT LBRMSHBE, A 2577 AR G i AR5, BBORT R R A A 1 5
LB x(0< x<1), HAIEFESIEREGN y(0<y <1), ETREFHRBIILGIAN 2(0<2<1) 153
B =T7 MRS FEFE AN R 3 2 iR

Table 2. Income matrix

= 2. WERFEE
i
e HI Al
He e (2) (L~ 2)
H1EY) (a1, @2, a3) (by, by, bs)
E1EX) .
AEEA-Y) (€1, €z, C3) (dy, d, d3)
H1E(Y) (1, €2, €3) (f1, f2, f3)
AETER-X)
NEIEL-y) (91, 92, 93) (hy, hy, hg)
RIEXZ 570 RMG RS, BILEE 8 MiEE, WrE2FiR.
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Figure 2. Game tree

B 2. EIEK

fHIE 1 BFReIR 4 A i DA 4 R AR RS A, BN, A1, ), SN

Weaih (ay,8,,85) o FEIXFMETE T, B AEVR 2 AR A0 Lt A b & A HEAT BT 0 sl i A e, 41 B B0 & A
AKHCy, EHIANC,, FEARMBAIZHG] o A SA . Bl a1 Bl 4R B i AR, AN
M FIM, , s AR, SOV ELT , A TRA R AL e AR R B, e AR B AR
NV, BUNKE BT IR 2 AN A Gy, X Rl A L AN G, X RN Gy o =7 I At
N:

3, =K, +G -a(C +C,)-Cq

a,=F +F,+G,~(1-a)(C,+C,)~C,~ M, ~ M, + B—EiT

8,=G,+R—F,—F,-V,
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B 2: L¥aeli £ A ERESE, MEEAEE. ELENEE, 616 md). &5
Wi (b,by by) o ERXFEET, FEEETEFEMATH, EWNELT , REXKICAV,, FaEHE
AFN AR LEEA] o BEAT H FELSG (P R 0T o BURF AT B BB TR 2 AN IE N G, , XA RIAMEIE N G,
SEFAMYE . =TI A:

b, =G, +K,-a(C,+C;)-C,
b,=G,-C,-M, -(1-)(C, +C;)
b, = —Ei,T -V,

T5IE 3: R EMETHA SERRE, MR SIER, A (E1E, AaE, #Hi
H). BT (¢,,C,,C) o FEIXFMETE T, ZEAR il g #EAT He sl i @ W 5 Wi s, ek B
s e g a4 . B, BURDS IR A ASKM, X R RAMIEIE A G, XA N G,
W =7 B f A«
¢, =K,+G,—(C,+C,)-M,-M, +B-EiT+F +F,
c, =K;-C,
¢,=G,+R-F,—-F,-V,

B 4: TREIR G A e i, MHABP A S, BRI (AR, AefE, R
H), &T7Uad N (dy,dy,dy) s BRI, el E i B R aE E el s AL B SRS A,
T EATEF AR .. BUF AR EABATANE G, o =I5 i a9

d, =K, +G,—(C,+C;)—-M,
d,=K,-C,
d, =—Ei,T -V,

% 5. UMEMAERASERRE, Mo ANZEFZHEGSEREN, BRI EE, &1F, #
H), BT (e 8,.0,) o BRI, AHFRHBB XK EATIATES B, WWAK,, Bl 7ER
AN R g B s B e Bl . BURERT VB AN A G, » W ZE FERIAMEIE N G, o =07 IR A :
e =K,-C,
e,=G,—(C,+C,)-C,-M,—-M, +B-EiT+F +F,
e, =G, +R-F-F, -V,

5L 6: MAERMETFEHEAEGERE, ARl B, BRI (A E1E, &1F,
FEH), F W (fy, fy, fy) o BRI, Rt Al B R 8 R ) R BOCA, BURFH UGS Bt A AT
NG, o =R A:
f,=K,-C,
f, =G, —(C,+C4)-C, — M,
f, =—Ei,T -V,
5% 7 HECMBEm ARG EERE, RN, WK AN E1E, A6,

Hern), BTN (0,,0,,05) - BRI, FEEFAHEE R AN HAE, 18 F,, BUF W RXERBGR EAELL
ZEFREATAMY G, o =T7 2N
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9, =K, -C,
9, =K; -G,
9;=G;+R-V,-F -F

Y 8: HESETERAGIEER, MRPGEEOAGTE, AafE, sel), F7rkain (b hy,h) -
PR B U e, il e AR . BUNANKT &2 507 3T AN . =T7 et Jy:

h1 = Kz _C4
h,=K,-C,
h3 =-Ei,T -V,

4. 1RGSR

BAVEE @B R E B TRE, RGP SRS R . S E SRR 7R s B S
YE BT EC A R, 120 FE 52 AN [R) SR RS & 52 H:WJE’JiJJD—ILJEHﬁEE%ﬁﬁEHEE, H5kai
EIEF. B, MOErRelEEE E s & ERE SR LUA BB 3 S U s, BRI E ik A
TERTLLBI 2380, 380 be] 5 P Fh S ms Ui s 22 R PE SR R . M LuBIBE i v ER, teBPE A 2] — AN
TE MK AP AS B M SO SR R SRS B SRR B, R R SRS B AR O A RS e SR, B ESS [15]
[16].

41 FRIEHEHE
U, AT REIEE ik 5 5 1’EETEI’JEH£L]& o Uy, AT REVRBE 22 A Ml gk £ A8 G AR I 1 0 2R Wi
U AT e RS 4 ol P2 i 2
U :y[za1+ (1-2)b, |+ (1-y)[z¢, +(1-2)d, ]
=y[ze,+(1-2) f, ]+(1-y)[z9, +(1-2)h, ]
U=xU, +(1-x)U, ,
V, Syt ol e A R R R v, I AR AR S AR R R, VOO R AR
FEdicas,
V, =z xa, +(1-x)e, |+ (1-2z)[ xb, + (1-x) f, ]
V,, =z[xc, +(1-x)g, |+(1-2z)[ xd, +(1-x)h, ]
V=W, +(1-y)V,
W, A BEJRVRZE 2 A P e HN (RN R, W, AR R B AT TR AN R R, WORE R
- et , -
W, = x[ ya; +(1-y)c, |+(1-x)[ ye, +(1-y) g, |

W, = x[yby +(1-y)dy |+ (2= x)[ yfs +(L-y)hy ]
W =2W, +(1-2)W,_,

A REVRAE I S I A TR F(x), it I HEI S T RRE N G (y) . BrAEIEA = 1
FHEDESIHCNH (2), W
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dx —
F(@:af:xwx—u)
=x(1-x){y[2(C, -Cs—B,—~F, —F,+M, +Ei,T)-aC, —~aC;-C, +C;, + M, |
+2(B,-M,-EiT+F +F,)+ K1+Gl—Cn—C3—M1—K2+C4}
dy —
G(y):E: y(V,-V)
=y(-y)[z(B,+F+F,-M, —EiT)+x(aC,; +aC;)+G, -Cy, —-C, — M, - K, |

H(z):%i: z(W, -W)

=4L1ﬂ4y&;4@+a-g]+ﬂa—Fg+@+R—w—ﬁ—a+EJ+w}

WL a7 T R p T LU =7 4 RIS A 12 R R T T S B 18 F () o,
5 R 4 ol R A R ST 2 TP TR RS A, 2 b & RS S, x P EL S
LR, T oot 5 F RIS RAS 2E RIE ARG . [FRERRRR BB AT G (y) R H (2) e

4.2. FERNREMES

L F(x)=0, G(y)=0, H(z)=0, HELEHIZEZNETRA, REBAKNE, A% EIRSHRKIERK
5 8 AP A, 2580, 0,0), (1,0,0), (0,1,0), (0,0,1), (1,1,0), (1,0,1), (0,1,1), (1,1,1). &AL
WEFUAE PPP BN =7 I 26 1F, RIP a1, 1, 1)I0AREME SR o AR A2 1) 2 sh S U 1R L A1 467 o
A= & RS e e, Rk, AR 2 A AR e MRS, RGP e AR e M ET DUIE I oy
AT 22 50 (1R B LU HE R RV R AR AR T, B 28 435 (00 v A P 78 93 o0 B 2 At S T o LU R B 1) BT AR IR A 2 L
HHSEER[16] [17].

[ oF (x)

oF (x)

oF (x)

OX
aG(y)

oy
aG(y)

oz
aG(y)

OX
oH (2)

oy
oH (2)

oz
oH (z)

OX

oy

oz

N FRATI R B P AT A AR E

7E P47 5(0,0,0), I (IHFE(E -
j’ll =K,+G,-C,;-C;-M, =K, +C,
/721 =Gz_C11_C3_M1_K3
A3 =G, +R-V,—F —F, +Ei,T +V,

B A4<0, K +G+C,<Cu+Ci+M+K, s <0, BIG,<Cu+Cy+M;+K;: ;<0 , I
G, +R+Ei,T +V, <V, + F + F, i, “Fii&(0, 0, 0)y ESS. A % 42 Al 7 BURF AU Ji5 $86 FUBE S ) 45 )
TE/INT TR K, 5 Hit A AR BUR AU 5 e A b 3 RN T AN S AR IRDRE i i B S an %
ZeAMV BRI Ky s 25 2 e SR e RS A XU vy KT 78 BB QR ARV, 5 LA L R R e REL T 28 D
RER F + R AHEL BAT R 2 BN, T W mr . fERXMEIE T, =7 #Maim A G1E.
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FEF7 (1, 0,0), I HIEHEE A -
2 =2
A2 =aC,+aC,+G,-C,,—C,—M, - K,
A2=G,+R-V,-F —F, +Ei,T +V,

B AZ=—2", NP0, 0, 0)FI(L, O, O)RFTREFIN 2 ESS. * K, +G,+C, >C,, +Cy+ M, +K, ;
G, <(1-a)(Cy+Cy)+ M, +K;: G+ R+Ei,T +V, <V, +F +F, i, “FHijsi(1, 0, 0)4 ESS. ML # 2 A
FEBURF AU I 45 B 2 e (0% R K T 24 AR K, 5 et £ b 7 ORI U i 8 el A X m fr v ) /)
TAGVER R Bt B AR L4 B A b RN K ¢ 25 S it e L2 AUV, KT 78 F B2 UV,
HLAT tH it st AL 2R A0 RE 2R B+ F AL BAT R SR A ELLT i e ZERXFPIEIE T, HARIAE F#e
HEAEAE,
FEFA7 550, 1, 0), I FRASAEAE A -
22 =K, +G,—aC, —(1+a)C, - K,
X=X
A==, W4, 1, 0)F(1, 0, O)ABERIES 4 ESS. M K, +G, <aC,+(1+a)Cy+K, »
G,>C,+C,+M, +K,, G, +R+Ei,T+V, <V, +F +F, i, P50, 1, 0)y ESS. Uit BUMHMIGZE 4
J& 45 R K+ G, —aCyy —(1+a)Cy /N T B T M A K, B, 4 4 2 0 375 01 57 BUOIR O AR G
G,>(1-a)(Cy+Cy)+ M, +K,, i FEGE: 4= v e sz XU V) KT 78 FESE 0 LR
V,, HFAHH bR S AR RE 2R F + B AHEL B AT R R 2R BT B, SRR A1E.
P (0,0, 1), J FIAFAEAE AN
=B -M,-EiT+F+F,+K +G -C,-C,-M,-K,+C,
A =B +F+F,-M,-EiT+G,-C,,-C,-M, - K,
A4 ==2F, NP &0, 0, 1)F1(0, 0, O)ARRERIF Jy ESS. 24
B,+FR+F+K +G +C,<M,+EiT+C,+C,+M,+K,, B +F+F+G,<M,+EiT+C,+C,+M,;+K,,
G, +R+EiL,T +V, >V, + F +F, i, “Ff7:5(0, 0, 1) ESS. BLi, ZEATEBUR #MU 5 5 B AR 20717 R I
(/N HRTIFRIE K, 5 A E EURF RN S 3547 4 A vl
B,+F +F,+G,~M,—EiT —C,, —C, — M, /N ¥ B ith B B2 S B R A (R K, 5 7 32 I 5 46 e A5
2RV, AN T 78 AR UV, ELBTAS HE () vt R 2 FORR RE 2% F + Fy R LE F AT 70 s 2 E,T
BAK. EXMIEE T, RAEF R ER, HAAmIEASE1E.
FESFA 51, 1, 0), I FRASAEAE A :

ﬂlsz_/lls

WAP=-22, A2 =-A2, M4 FHs0, 1, 0)gk(l, 0, 0~ ESS A, “Ffiismi(l, 1, 0)A2& ESS. 4
K +G, >aC,+(1+a)C+K,, G,>(1-a)(C,+C;)+M,+K,, G+R+Ei,T+V, <V, +F +F, i, i
M1, 1, 00~ ESS. b B AN IS A A BT 3 38 S 0 K+ G R T R A A 2 T A
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aCyy +(L+a)Cy+ Ky s BUTFR I A AL A RN G, B, WA (1- ) (Cpy +Cy)+ M, B 22 i He ey
LS i PRV, kT 78 LR 0 MUKV, o LT A B o 3 FLFE 2 R RR B 9, + R b 147 76 ML 97
Ei,T 5. EXAWE T, £ER2aME.

FETH AL, 0,1), ) HIEST A

K==n
A2 =B +F+F,-M,-EiT +aC,+aC,+G,-C,-C,-M, - K,

WA =-4, A°=-22, 3P40, 0, 1)8k(, 0, 0)& ESS i, “PH#ifi(l, 0, 1)A2Z ESS. 4
B,+FR+F,+K +G +C,>M,+EiT+C,+C,+ M, +K, ,
B+ F+F,+G,<M,+EiT +(1-a)(Cy +C;)+M,+K;, Gy +R+Ei,T +V, >V, +F +F, i, (1,0, 1)Z&ESS.
BRI, ZEARAE BURF AU 5 e R QR 4 I 2 R T 24 AT IR K, 5 F B A b AR BURF AR U 5 6 F B =) 15
AL &t /1N T B A PR AN A 1 B P S B R A L O R K s R B2 B el X 0 XU v, /N T 78
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Figure 3. Evolution trajectory of ESS (1, 1, 1), (1, 1, 0), (1, 0, 1), (1, 0, 0)
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Figure 4. Evolution trajectory of ESS (0, 1, 1), (0, 1, 0), (0, 0, 0), (0, 0, 1)
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