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Abstract: [Objective] High penetration of renewable energy sources (RESs) and grid-connected electric vehicle
(EV) clusters introduces strong stochasticity and volatility on both the source and load sides, which challenge the
secure and economic operation of microgrids. Demand-side flexibility provides an effective means to buffer
renewable intermittency and improve source-load balance. This study aims to exploit such flexibility to enhance
renewable accommodation and economic performance under wind and solar generation uncertainty. [Methods] This
paper proposes a bi-level day-ahead economic dispatch strategy that integrates Minkowski-sum-based flexibility
aggregation with wind-solar uncertainty quantification. First, Minkowski Sum theory is applied to aggregate
feasible dispatchable boundary sets of heterogeneous EV clusters with different battery capacities, arrival-departure
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times, and charging preferences, and a unified virtual energy storage (VESS) model is established to represent
vehicle-side flexibility with charging/discharging power limits, energy capacity constraints, and feasible operating
regions. Second, Latin hypercube sampling (LHS) is used to generate wind and photovoltaic trajectories, and k-
medoids clustering is employed to extract a small set of typical scenarios that preserves statistical diversity for
tractable optimization. The upper level determines system schedules to minimize operating cost, while the lower
level updates agent decisions in response to prices and constraints. Based on the scenario set, a dynamic pricing
mechanism is designed to maximize the covariance between demand response loads and wind-solar outputs, so that
flexible loads are incentivized to follow renewable availability and net-load fluctuations are mitigated. Finally, a
multi-agent cooperative game model is formulated, and coalition cooperation is introduced to enable energy sharing
among agents and to allocate costs and benefits through a profit-sharing mechanism while satisfying individual
rationality and local constraints. [Results] Case studies were conducted on a representative microgrid with high RES
penetration and EV integration. Compared with the non-cooperative mode in which each agent operated
independently, the proposed strategy reduced the total operating cost by approximately 24 680.5 yuan/d and
improved the spatiotemporal matching between load demand and wind-solar output. The optimized schedules also
indicated reduced renewable curtailment and smoother net-load profiles while satisfying EV charging requirements
and operational constraints, and the coalition mechanism improved participation incentives. [Conclusion] The
proposed source-load-storage coordinated dispatch strategy aggregates heterogeneous EV flexibility via VESS
modeling, quantifies wind-solar uncertainty via scenario generation and reduction, and strengthens renewable-load
coupling through covariance-oriented pricing and coalition-based cooperation. It achieves coordinated improvement
in economic performance and operational stability under multi-agent benefit equilibrium, providing a practical day-
ahead scheduling approach for microgrids with strong source-load randomness.

Key words: economic dispatch strategy; EV aggregation; virtual energy storage model; dynamic pricing
mechanism; cooperative game

TEARTRIRBRIR RS T, T A AR RRYE RN
BN R R AN A2 88 AR FL A O RO B B AR
NSEEL “XER” Hbs, FREKJHERE R E. GRS
AT EAERRIR R B, J14 2035 4F AN EIAE
36 {2 T R, HitFEInN, #3754 (electric vehicle,
EV) [ e A3 K O i e 2 e A0 il HE TBCER AL 1
BT /A, #E 2024 K, £ EV A ik
3 140 734, WimB@ R IREIRTT £ 41.83%05, S&
MM, bl n] A RElE S5 ORI EV BRBF I NG Tl
FL RIS AT R IR R — T, KOG H 58
BE LR B T BOR AT 5 Ve B2 5 o —
J7I, EV G778 AT AR T S e R sh i, 7
S IS4 Gl rL D T i (A R P A L P B
JilS SBAT AR TS R A S PR s T R R v
M DL 22 S5 RANRf S 1, A T T 7 2R 1R SR
DLOR Bk FL I 22 A2 2 I8 AT« ANfRIFE PR B R 0%
PEREI, 7870 42 98 5 2800 A0 VR ) RS 10
71~ SEBLZ AR ESAL, TR R 1 B A
Gl NP S TR

B0 2w LA o] FR AR BRIRAD EV SRR IRk R )
ZUTRRE IR, BN EE DA E AR R
MWRIREA 2 EARMIRPLEISE D7 R 7 RE
FUEOl, WO 2 B TE R R BV RS
REVR 3 48 Je 2 Re Al G o v D 1A 2 i) R 2 2 #r 1t
FL1, FELRG BRVR LU HB I R GT N 3, 78 FL il B H

http://rlfd.cbpt.cnki.net

HKZEERAT Celectric vehicle aggregator, EVA) A
BEEV X B RES 51573 5, Bt 4
I By b 2 E R ) LAY S 5 R G R,
SR, IR R GIARALIZ AT 7 T W w1 B R A 1) v 4
A E PR, SCRR[LLR A AR &~ f K 7 i
RO AT IR A, B AR S
FIMER RE BRI, B A FA BRI B £ AE Rl
B RBZAENENFAFRRE, H 4980 KO 7 it
BEURING, GRS B S5 E R FE IR P S AR R
o fERRIRL IS Z Reh LT T, -SSR
GuIP RS AT IR 2 AN e . SCRR[12] 1) 2
() L -SSR B VR 2R G800 A B B LRI A 7Y
N, HURRESCR . R SR R
S RGBT AT . SCER[L3)E TR B A%
B REIR R G TER B, F A A 1Y) JE AR P A
DT B R PRIRE P87 X
WR[LA)TE At Rewt 70 Rl o, vl P AR IR H
FAR (powertogas, P2G) FRGtH A (FHFEAIER 77 1t
FHEATRAEIGIN T RGURE IR A . SCRR[15] i@ it
Zacr iR, RIREMGE I J13 82 R A1 5%
Wi LGS R G IS AT e, X PR 2 AR AN & N 3
—BIK T RGEMAH e . CHR[16]5 H 3=
fits B FLSE LRI 7V, UM BE SRRV R A T, A
X2 RG o RSO R . [ERERNE, X
BRIL7H S TE S B P AR i SRR S5O R L, BV AR




152 kAL

2026 4=

VAT RGE S, AT A -REVE P [E AR A
Yo, HE GBI R A . A B 7T B
ABEME R, PRI SIRR ST IS 7 — e it
&, AEN AR E IR EV SRR & RIEME
(30 2N EAS FEAN L, HLAE 22 A4 R] AR 24 2t 32 1l
J7 TS AEAE BR AR

BExr Bk e, AR T A EV SRR
WXL = H A2 50 s, SR I m R A P 1
REZFRA BV MER BN, KEHERAE EV
SR REWIAS . FERR I E R DL - )OOt
P77 ZE RN BARE S A BT, 515 7 R
Yt FANILEC AT AR RN s T RIS ERZE
FEZE, MR AT AR RS A 4K (renewable energy
power generation mainstay, REG). 7] #5434 2 HL 5
K ELF A (controllable distributed power generation
mainstay, CPG) HIJtE 78 —14uf (photo-hydrogen
charging station, PHCS) 3 J5 11T, fE T M A &
PEXBS IR AR . BRI, 1R MR (R R
MEEHEE AT T, BER T RELFMNS
BREVRTHANRE 1, BRUE T 2T VELE RIS AT A AN
3 AT P A BB v 5OR FH 7 T A R

1 ZERMENRGRIGTAERNE

1.1 RG5H4

&% FARM R RGN 1 iR, w] L
E i, 3 AN FAAAME AT UL R A AT R B L
B, WA Lo AEAE N — AN AR R ST
BT REEA B,

——————————————————————

W RARER A ‘I
: “r\( |
i m] a-':_ ! :
ke R R P .
ry ry T %
T ot | T
P g g 0

S

E 1 &% EMHRIENRGRE
Fig.1 Microgrid system architecture with multiple agents
1.2 E T XA KErE MBI B ERRFRE
T EV MEfkREAEAIR, H2 EV R
W J5 2 RTHSR R ), IR “HERCRAE” TR, [F]
i) 3B RSB EV 25 R LI HOR (vehicle to

http://rifd.cbpt.cnki.net

grid, V2G) EAMRKHIARTE M, HARER 2 K
RIGVRAEER IR, PR EV A3 TT R 5 il Be As
RUSHF M AR A EL sl i A e T, 5 R R X ] K
HrFE AN (Minkowski Sum) i85 #5455 EV MARI I
WX () — i e 2 AR R R B R T, Bl A /RAE =
u ST BCR L SR A TR e, NI STIR A T A
Gi—0) EV RBCERR, i) AR .

0<P =u,P

it,ev,c ijt"i,mev,c

0<P,, ,<u.P

itev, iit"i,mev,d

Ei=U (B s+ P ec—Pieva /77d ) At)

u.Emn <E,<u.E

Kb teT, T RIAE; Piteves Pitevd 27314
5V EV Rt 2T BCEIIE Pimeves Pimevd
Gl 1R EV O BUE 8 L) FOREE TICR T
Ui 95 130 EV 78 t I ZI AT R AR EAE s nes na 705
TSR R% ;s Eine Eica 205N 140 EV 72
t I ZIAT 1 B 2 H I R Eimin AT Eimax 23 711N
5V EV R/MIRK I 2 e E T At

XFRQ) T BV IR iz e E
15K H ] R R A5 2] EV R fif v]
fERe ERIaF, n@)ps.

Pv,t,c,m = ig ui,tPi,t,ev,c; Pv,t,d,m = ieZI: ui,tPi,t,ev,d

@)

()

Ev,t,max = ig ui,t Ei,max; Ev,t,min = iezl ui,t Ei,min

e tET; Pytems Putam A EV &5 v 17E t I %5
KAHER R DI, W OERE v b EV AME%L
EMES; Evtmaxs Evtmin N EV 88 v 7E t BfZ1)0]
WA E 1 B KA B /Mg B L A
EV SEHE R B B i AR R AR AE IS X B

2 EV CRFFETF PRSI, AE=0. Jf MBEAIAE,=
Yoo, Biars BMIBEE AE =X, Eiar (Eiar F1 Eiex N
BV AT E N EL D o i 2 X AT R B A
BEFM, BFEIANEA—ZIFEF T. K
AR BRI EV RS : BV FHRII Z1 t 35 2
Ui —UiUic1=1; 25 RIEFZ) €3 2 Uiea®Uicali=1. HH
I S AP R L B A TR AR () o .

AEv,t = ig\/ ((uiz,t - ui,tui,[—l)Ei,ar - (uiz,t _ui,tui,t—l)Ei,ex) 3)

A tETs Ui NH 1A EV 7E 1 N2 A /R A2

B AB NEREE v LR tINZIPIRS R SR A &

EJ('E, Eiar /ﬁ]Ei,ex y‘j?ﬁ i ?FPE EV #WJ*D%WJ Eﬁio
M B T R HT LML, 2 4 BV PR B




%8

B E & i RE EARAHE N R RORUE H RS TR B SR 153

9, A4 R EV SR AT,
0<pP. . <P

v,t,ev,c v,t,e,m

0<P,.,<P

% v,t,dm
Ev,t,min g Ev,t g Ev,t,max
Ev,t = Ev,t—l +7. - Pv,t,ev,c At—P,

v,tev,d

-At/n, + AE,,

4
K tET; Pyteves Puteva NEERE v 7E t BIZITT
JE R T8 D R AL TR T % s Eve NAERFE v 7E LIS Z
AR RS R .

IZMEALRE 7 D) ZE Pygeves TUHLTNZ Pygeva M
fifife A & Ev MR GRS, A8 ZE T EV 5
W25 VoG IR RERE 1. M TStk Re
PR, EV SERERR R B 52 RS M3, A
TEZARRIE R T U EV S N, WM E. I
WA K SRR DI RSS2 5. SR SR RIS e
KR EV AMEZ 5 V26 i BTk . Horh B AT
B B B ] BV AR A S B ) RS 3 ME
1RE); SEETEY BCAERE R R RIS )RR EV SERE
HHE A 2 o

LA LTS L R RA S AR LI 2 R
W2 3 283L11 500 4 EV 7 S HE BT HRE 1S 2%
LR HRUR SR g TR RE ), BV ERENIfERE
R L FRWE 2 s, @it 2 LA H: EV £
T H RIS g RE A = IRAEE R LT —8, WA
TR E A REPEAEIR N EV SRR
M.

2000
=0 0
z H#fsoC LRI
= - Hiisoc TRl ¥
7= 1000 | :
‘zj i 4 I ESOCTF R
29 g (—©—3LHSOC LR,
> Sseop T/ TTTT7

05:00 10:00 15:00 20:00 01:00
I} %))

2 HAISEA EV SRk RS MRE
Fig.2 Day-ahead and real-time EV cluster storage capacity
limits
2 Tl R PO 0L 38 R 2R 44
2.1 ERMEMNENRE
2RI ARG (B 1D d, MR
P s Ak, e 32 8 R 7 Do e &
FARRIEAT R SEhA R, Pl RS

http://rlfd.cbpt.cnki.net

(EECT

D AR 24 h POt RSl AL G IR
5 FL Tl LR P O G 280 5 SR K AR A IR 26

2)) AT A A R 0 P Y L R e R
FRUA K P T Y F 22

3) e LM H AT T 758 5 s S a5 N Te) B S
RIREAT DR AT B 2 AR A 5

4) BT TS AR A BE R AU AR ML
. DRI IR S

FEE R R SE LA b, C R R B2 ot gt
FHRT G e SO TR, e AR A S X
B IDCALIZAT HEms o o T e X R ANl o 2 2
RUET W ROGHETRENR . EV 5P B0 45 248
Tl vl W LE AT SRIBOXOIG B BE R -5 7 L 4 1)
MEHEG, COZEE AT IS, IR AR S B
25 R E B &S A

A RIMER IS P 05 Z2 ML A 08 LR B iz
B AL H B E s A . i ZRR 24
AEREMRIRE, 2 2 DAFETEEB I ZERN
IEAER, PG ZEORRIRIX 2 A B 1EAT
R B XA FRL I A T RO RE AT Y L B AT 2
LA E, 2PIE 05 ZE ORI, S S R
7y 2R A KA DR — B T LD A
B PEREORINIFEMT, 3t Pt g e IR 1T 9N fE

maXC = Cov(Le,I,pre' P\Nl,t,pre + va,t,pre) =
(Le,t,pre - E(Le,t,pre))(Pwt,t,pre + va,t,pre - E(Pwt,t,pre + va,t, pre))
®)
Le,t,pre = Le,t,r +ALe,t,pre (6)

XA Letpre 9 H BTG FIUAEL: Leer I BEAI
PR AU AE s ALepre /9 H BTN € I BESRAE 707 {5
Puttpres Pputpre 9 H BT XU HLZLADG AR L ¢ i B
AR IS RNER E(Le,t,pre) ~ E(Pwt,t,pre+ va,t,pre)?l\j H i
AT FEL . O T D AR R A

DL L 375 B B P R P 4 i B0 22 v A
BB, B demaxay X R ROEHTREIR 5 1 fif
ZAEIAE Paitmin, B2 AT B AMEA Aemax.ay X N
WO eI DA ZE (B U MEL Paitmax, e 215 21

}i’e,t,dy = anif,t +b (7)
Pdif,t = Pwi,t,pre + va,t,pre - ALe,t,pre,f (8)

X a. b N 50T EZ (B I ELGI R K Pair
N T RA BT ER -5 DT 2218 -

(RIS, ol L X3 T A R ) P 5 2 A T 22
LA 551 240 SRR T % A — A7 R 240 RS AR,




154 kAL

2026 4=

T T
z ﬂ“e,t,dy = Z ﬂ“e,t,fs (9)

t =1

=1
T T
ﬂ“e,min,dy - Z //Le,t,fs //”e,max,dy - z //Le,t,fs
t=1 — t=1 (10)

T T
Pdif,max - z Pdif,t Pdif,min - z Pdif,t
t=1 t=1

N Aerays Aenss A LR t BB S 70 L
22 TEMBMZ EHREEETIRE

LM RS0k REG. CPG Al PHCS #H—A
HAEBCE, MA BRI, RGN R M H 7
SR EFE R R g — A B, XU MLZE R HE )
HLRETEN & REG HLJJ 97 fif 75 22 f vl Jd i R A o
2N CPG. PHCS #flbHife, MIfiHe s OGN,
BEAR TR R FE GRS A . X CPG T &, TR
THRE R, nTOAER AR WL Chydrogen gas
turbine, HGT) FZEMAELHEI Chydrogen fuel cell,
HFC) $AtERIERS, M/ T 7 Ml
AMERA; 4T PHCS M, T n] R fna
WG EV B ST AR b2, HEIgHR
REPE AT B = KOGHT REVR FTH GRS . TR, H T X0k
B R UR A H DL R P A )R] DL — AR S it R
FoRUR, AT FEAR EV S8 7 L e S AR . BT
B IE SR BB BT AR, FFAEUR & 4 I
WA RIAJE, %ok Elas S SRR .

NERIEH S RAEH I ROEH J7. AL E S5
R S Zae BANRIER, CHeia%IE
TCEL I P % E AR BRI N W RE AR Couys
REN AT Fenn RAIEAT A Cops FMFEHEA Cpuns
EV R HLSA Cevn AT HL A Croaas HIERE DT
FRAS /ISR E b oR

minC=C,, -F, +C,, +C, +C, +C

F Ay BARN AW
D 5. BIMins8 A
C c,. +C +C

-

(11)

load

buy = ebuy gbuy,CPS gbuy,PHS =

;
Z/le,t,fs “Poen t Agen  (Pypeces T Popepns)

t=1

C

(12)

sell — Cesell + CgseII,PHS =

T
z/le,t,sw : Pe,t,s + /,Lg,t,s : Pg,s,t,CPS
t=1

Z_&EP: Cebuy\ Ceselléi}'%uy‘j 1 %V‘]%/“EM WLQ&EEM
I)_I\/‘J EEEJZZI-‘*D% EEALI&_%JL?., Cgbuy,CPS\ Cgbuy,PHS ﬁ\%uj"j
1 RN RTINS TE — Al ) BT 3 I SR

http://rifd.cbpt.cnki.net

A5 Petpy Pets 77 BID9T FLIIAE t i B 1% F A8 i
T Pgpropss Pgsteps 70 9 AT % HLIEAE €I BL
T D% Py ipns NICETE— AU LE N BL
JHE N Jetsw N 1 RA I BB N EEZ R
REA L HL
2) FENFCIETT AR :
T
qm=CMM+CMW=;¥mMthﬁme-mQ
(13)
s Counwts Cpunpy 735104 1 RN BT KFE LG
EEZIK; Cop,HGT\ Cop,HFC\ Cop,wt\ Cop.pv %%U%%%E\‘
FeHL. SRR B, JetRiss 1 RARE
ﬁfﬁkzlg, Kwt,pun~  Kpv,pun ﬁ%u%ﬁm~ ﬁj\lﬁ?gﬁﬁkﬁo
3) WHAIBIT AR

Cop = Cop,HGT + Cop,HFC + Cop,wt + Cop,pv =

T (14)

Z (gm I:JHGT,t + §h I:)HFC,t + é:w Pwt,t + é:p va,t)

P Eme S Gwn S AIAEIR R SRR

o KU HLZEFIGAR Ht e ) Dh T IRIg 4k oA
4) EV RJBCR A

T
Cev = Z (Z'ev,t,fs Pev.t,c - /Iev,l,fs Pev,t,d ) (15)

t=1
K ders N EV AE 1 RN t BT BRI Pevtes

Pevta ¥ EV EHEAE 1 RN t I B 78 AR IR
5) T I JEE S A ) P AR

CIoad = Cload,REG + CIoad,CPG =

-
zﬁev,t,dy '(Le,t,REG + Le,t,CF‘G)
= (16)

LEEG = Le,t,REG,f + Le,t,REG,r

Le,t,CPG = Le,t,CPG,f + Le,t,CPG,r

A Croadrec N 1 KN AT FRAE REYE & HL A4 P 356
P S I HL AR s Croadiepe 9 1 R N AT 40 A 2
R R FL AR 2 e I FLEAS s Letrec LetreG
Le tRrec,r 73l 9 T P42 g Y5 & FEL 3244 A 38 7 4y 7E €IS
B ST A S F A A A (AT 47 e B

A A R PR T AT I I 2 AR SR A

0<P, <P

wt, max

0<P, <P

pv,max

Pg,t,AE =1pePet ae (17)

P <P <P

e,minAE  "et,AE T~ "emax,AE

AP . <P P

_ <
e,min, AE " Ve t+1,AE et,AE A

P

e,max,AE




% 8 1

B E A A AT E R R OOUZ HRTZ G S

155

A Puges Pwtmax 735 A RHLLE t B BT H J1 53
A K H I Poues Ppumax 23 AR E TS — A3
BEIOCARLE t I B H D)3 AR K ) D3
Petae~ Pgtae 707 B FEREZE t B BE N
Dy ZF H E DI Z s Pemin Ak~ Pemax.ag 73 70 ATHIE HL
e RE P S /NN FRL D FE AR KB N HL D3R s Peger At
Db FAARELE t+1 I B4 FRL T APe min AE-
APemaxae 73 7 B F AR R ) B /N TE 35 Ty 3 R 8
RICH T

% R LB AR e I L, K
FH P S v A 47 1) B 30 75 SRR L 8 7 B 1 I B
AT LY A7) SR H R R AR o B 0 kT B, £
() A F A7 A R A G R 2R

Le,t,f - Le,t,f
[ P (18)
I‘e,t,r + Le,t,f
> Q_ Le,t,f =0 > (Le,:,r + Le,\,f)
Bl "
T T
Z Le,t,f = Z Le,t,f (20)
t=1 t=1

K \E—Lm SR IE 1 TP €I B £

UIRRlE 5= %f¢m PRI PAE L RNES tIN

BORBERT . JRRMER AT Lee AZE t NN
PR, BIANEES 5 B B B s 6 1
RN t BN BT B B KLl 0o 1R
WH B R R SR R B, ook, H RS
e I B R R P A7 AT BE R, O 5 SR S
N SP N

RTINS F Tl B Ry
PMTt=(Pgmt,AE mtb)/771rMT

(ghtAE ghtb)/ntrHFC

HFC t

(21)

PHGT,min —~ PHGTI —~ PHGT max

P <P

<
HFC,min = THFC,t ™ THFC,max

AP, <P

HFC,min HFC,t+1

At Pretes Purct 20 A AR A HI AN E AR
WAE 1 RN t BB S I Pgmiaes Pghtae
I3 N HARRELE 1 RN t I B SR e RS
ARSI ZE; Pomebs Pghtb 73 HINERAS
LS ERR AR 1 Rt B B g3l a) H AR
AINZE; Pretminy PHeTmax 73 B NSRS E A L H B
D2 i e/ IME A B KAR s Prrc.mins Prrc.max 7373l A AL
TR Ly H PR T R I S IME AR RAE s ProTet
SARHRIBAE t+1 B I DR . RN Ak

PHFCt —~ APHFC max

http://rlfd.cbpt.cnki.net

I A2 EE ST RN ST 24 R

PHGT,t + PHFCt + P ¢t vat

Le,t,REG + Le,t,CPG + Pevt c + PAEt +P

P.x+P

g.t,AE g,t,b

BURFIBATHA. T

=P +P

g,t,HFC g,

Cpun pv
wt Cpun wt

C
Cret
C.
C
C =C

op,CPS op,HGT

+C
+C

Sl

+Ptb+Pevld

(22)

et,s

+P. +P

g.t,s g.tev

A HRA

t,HGT

.
AE Z ﬂ“g,t,s ) Pg,t,AE

(23)

op,pv
op,wt

+C

op,HFC

e Porev JYEETE— 1A 1R I BOIN 447

HI AR s Pgtbs Pgts 77
FELAINZE,; Pgiae AN AEL
HAI#E; Pgiurcs PgthHoT 43
SECHIAE 1R I B 4m
A

AR AE t I B A

7E 1 KNt BB B H
SN AR S
NETZ,; Cae N AEL

3 Cret N LG ML ILEA; Cov A7)

AT FCR A BAT A Cad WX HIAIZAT AR ;

Cop,cps N1 4340 X HLIE
A IR S A

TR W XU 225 T P

AT A ; Cycps N5

FEUNE 3 Flro

: R

iR L

A& A,
B gy i A

% E A

Lk

{1 AR
(U H, 7 1 Hh 7 i

DB A B
@ H A AT i
R AR L [ A |
IRy fo 3 gt |
T T = @Egzm%#mm |
H i 7 g ]
| QR @Ak B i A1 48 ;

& 3 HMEMNEL

_________________________________________________________

2R BRI

Fig.3 The two-stage economic dispatch process for microgrid
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Tab.1 Settings of different strategy scenarios
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Tab.2 Simulation parameter settings for each unit of the
microgrid system

23 HfE
K HL IR T TH R IKW 6011.3
etk Bk H A T2 IKW 2173.0
it e 70T AR R 0.950
CPG EAf iR /(06 KWT) 800.000
CPG FAip/IMH JI/I(7C KW) 80.000
BPAL TR AR GO0 kW) 1.190
HGT K HA%E 0.500
HFC & HLARE 0.500
AWE | E 3% 0.700
T IS TR/ (TT (KW h) ) 0.070
FEOEIET AT (kW h) 1) 0.035
AWE i Kl ) %KW 800.000
CPG F A i) BN s KIS D% kW 2000.0
PHCS i KA D)% KwW 2000.0
W HIZHE AR (G KW1) 0.039
FefRiz e A (O kKW2) 0.025
AR LR A T BRIS 4 AN (UG KW 1.670

=3 RABEV ARSHEVE

Tab.3 Charging parameter values for each type of electric

vehicle
ZH MEE HAL/ P2 22 Y4
Taev N(9,(2)%) N(2L1,1%) N(18,2%)
Tiev N7, (\2)%) N(7,22) N(8,2%)
Soev u(0.4,0.6) u(0.2,0.4) u(0.4,0.6)
Nevies u(180, 220) u(80,120) u(180,220)

TR 1P ER b I TR, MReER R
GUEAFRZAT T A TR T i 2= AL EAY
KRG — 2 THENEA TS, RIERANIE, e
NH, REICEFR & RIS TR RGE LA &K
T TRAR R A i I S5 R AR 4 PR

*® 4 REAE BT R AL RISEE

Tab.4 Comparison of benefit and cost results for each unit in the system HAL: g/
il va Cg,buy,PHS Co Cload‘CPG cg,CPS Cup‘CPS Cret Cg,AE Cw‘ cload‘REG ISy N
1 248.8 22 657 8543.7 8921.2 4822.9 3382.8 89182  -89824 3602.4 7765.5 59 880.1
2 248.8 22 657 8543.7 9167.7 6572.5 4610 88275 89824 34371 9167.7 64 249.6
3 258.2 2771.2 7278.2 9167.5 3283.1 3206.4 1251.9 0 2961.0 9167.5 39345.0
4 254.3 21432 7254.9 9100.0 3345.1 3206.4 590.3 0 2916.8 9100 37911.0
5 253.3 2136.4 7 256.9 7765.5 3331 3206.4 567.8 0 2916.8 7765.5 35199.6

HTR 4 MATEAER, =GPk
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Tab.5 Comparison of key technical indicators for different strategies

E-SUEisVN g 1 g 2 a3 Hng 4 HE 5
B 77 21(X 106) 39165 5.6314 13.760 0 19.538 0 20.0340
FeARTE AN 1 1 0.8106 0.8458 0.8550
PR EREE A 0.603 1 0.592 2 0.8909 09110 0.9110
G g B HLAR (UG A7) 16 687 18335 18335 18 200 15531
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Fig.4 Wind curtailment under different strategies
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Tab.6 Comparison of benefit and cost results of units in the system under different cooperation models

f’% CPV Cg,PHS Cev Cmad,cpe Cg.CPG Cop,CPG cne! Cg,AE th Cload‘REG LZ'EEZIS
PR 248.8 22 657.0 8543.7 8921.2 48229 33828 8918.2 -8982.4 3602.4 7765.5 59 880.1
RC 248.8 22 657.0 8543.7 7793.0 348.1 3295.7 2067.3 0 3071.0 7793.0 55817.6
RP 338.9 34141 8543.7 8921.2 48229 33828 5345.7 0 3674.0 7765.6 46 208.9
CP 248.8 22 657.0 7193.1 81313 12259.1 8598.5 5028.6 -8982.4 36024 7765.5 66 401.8
RCP 253.3 2136.4 7 256.9 77655 3331.0 3206.4 567.8 0 2916.8 7765.5 35199.6
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Tab.7 Results of the operation of the subjects under different cooperation models
ES Crec Ccro Crhs R
Hhar -1413.3 25070.6 362233 59 880.1
RC 9514.4 10079.9 36223.3 55 817.6
RP 10 140.6 25070.6 10 997.7 46208.9
cpP -14133 33402.8 34613.3 66 401.8
RCP 10871.6 14 492.2 9835.8 35199.6
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