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Abstract: The spatial-temporal complementarity of wind-photovoltaic power generation can be realized in the wind-
photovoltaic energy storage cluster, and the system fluctuation through energy storage can be stabilized, which make the
cluster to be integrated into grid increasingly. However, there are many challenges about the reliable and economic operation
of clusters, due to the fluctuation from wind-photovoltaic power energy inside cluster as well as the uncertainty of market
prices and load demand outside cluster. To this end, a wind-photovoltaic-liquid air energy storage cluster optimization
method based on the cooperative game considering multi-uncertainty is proposed in this paper. Firstly, by designing a
cluster allocation model based on the cooperative game, the various cooperation modes and income distribution strategies
between cluster participants are designed, and afterwards rationality of the model is discussed. Secondly, based on the
information gap decision theory (IGDT), the optimization operation models for two type cluster market operators, i.e.,
risk aversion vs. opportunity seeking, are established, taking full consideration of the risk constraints of wind energy,
photovoltaic energy, day-ahead market electricity price and load uncertainty. Finally, the simulation results show that the
cluster model based on the cooperative game improves the total and individual income of the cluster, compared with the
cluster independent operation. The proposed optimal power purchase and energy scheduling strategies, which can adapt
to the two preferences, takes into account the robustness and economy, and provides a reference for cluster operators to
manage cluster energy.
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Fig. 1 Framework of wind-photovoltaic-liquid air energy

storage cluster
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Fig. 2 The operation mechanism of wind-photovoltaic-liquid
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aIA BT, ™ WT1 FUEs ISR 1. 2% T Sha-
pley I TR T, PV, PV2, WT1HH KI5
BN, 2 54&PV1, PV2, WT 1) & KW 35 A
FIRSLIZATHS 43 RN T 9.806 70 7.6507C+ 7.657 JC.
(R, SRR 2 5538 A0 n) T e 25 T~ Shapley {E 173 Aic
iR B3NS 5HE{1, 2, 3} IS5 S KA
Wi a1, JE HAdEm TR SUEs, PG
AR ER P FUREAR R . BT DL, A ST H I R
BEESER R AR A R
53 ETIGDTHIN-L-HE TS s e £

A S

TEARSCH, RS S S AE R R B % FEAE

{1, 2, 3}MIBRER 7 30T, M-S S SRR AR HE L
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RGN FIZT I DL, EIGDTH, AN IEAHE
R ETERR, BIJ8a(R*)=0, 3(R")=0.

k2 RAKAEHES RS

Table 2 Each participant income at maximum income

Wyl CPEELOT HEELOG Shapleyfi/it
PVl  40169.07867 46348.93692  33476.12
PV2  40169.07867 27809.36215  20082.674
WT1  40169.07867 4634893692  66948.442

A3 5] N B AL AL R (stochastic programming,
SP)HU 77y SIGDTH & AR Y 3147 Xt Lk, SPAIIGDT
PRV N B IZ I PIREIE3 4R, B3RRE
BRI A S SR RS LB MR L. v LUE H,
SPHET, BB AR RGL T EAES: 001k T
fikBE, 11: 00347 REAE. IGDT F, SERETIRA S S At BE
RGUET: 00F18: 00T [A] Brdk N el B, Bl 5 7E 21>
i B B AT B BE, 32 ZEAE10: 00F111: 0075 AN [a] Bt
AT R R RERE, AT RE . BERER HRERSPTT
TER. B4R TR SETE N I ) S (1) F RE AR 4k, AT LUE
o, SRS TR) B A e SRS 3 R AR T ARk, 7R
3 AP IBAT WS T, S HFEIGDT /7 % T LUSP
T3 RSN T 497.5507¢C.
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t/h

Kl 3 LAESIfi#fEm AR
Fig. 3 The stored power of LAES
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BRECHELRLE E R B T — P XSRS, LIRS
FUE MRS . SRR R B 2 I Im I SR i o (R 1593,
HARIL(33). BEE BB R, a(RY) AR L
EHAES R, ETFIGDTH R TR A2 S RE
T Ve R B AR A S R R T R PV, PV2 Al
WT 12535 Re I K L AR H AT T 3 B AR AN o 1
I BR 7E W BB R s T IS AT SR 7 BB 1 A2,
AT 55 65 W R 5 AR 1) 25 A ER U 25 22 W 78 S 1200
JG. MWEISHATLUE H, 7RIS 2T A E PR L R T

YL 751,205 X 105 TC I8/ R L R, o3& 4 38 . bk
1, 24 B2 8 R A A 2 B T A 25 A6 6000 JT, HY
1.145 X 10° S, BEHEIZ T 7 v 252 A o PR R B
AR RN 1.694%. T 24156 812 5 i A L TN
ZAK72007C, HI1.133 X 10° eI, B2 38 8 7 il %52
AN P AR P R A i K 2,058 %, 391 T 0.364%.
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Fig. 5 Robustness parameter
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Table 3 Uncertainty degree of each parameter of the
robustness model

HHtAF4 5=
/ﬂéjufE (apy1, apye, or1/%  qunal%
Wead/ ot apy)/%
1.205X10° 0 0 0
1.193 X 10° 0 0.071 0.167
1.181X10° 0 0.071 0.531
1.169X 10° 0 0.071 0.895
1.157 X 10° 0 0.071 1.259
1.145X10° 0 0.071 1.623
1.133X 10° 0 0.071 1.987
1.121 X 10° 0 0.071 2.351
1.109X10° 0 0.071 2.715
1.097 X 10° 0 0.071 3.079
1.085% 10° 0 0.071 3.443
42 +
A
35+ o
./

28+ /./
21+ /

141 v
07t

/

0'(1).25 122 124 126 128 130 132 134x10°
R/t
6 M=SH
Fig. 6 Opportunity parameter

B/ %

M 6 HRT LLA H, 78 USRS 328 T A T U A
1.205 X 10° TCEHINAOTE SR, B(RY)EHR . L
U, 240k B s 8 P A U 2 B T 9T A 25 560007, BRI
1.265 X 10° Jul, 1278 ps vl 252 1) H T i 3 A vl &
THHA FEA2.003%. T 2455 BE 12 78 7 AL 2 bL TR 25
720075, BI1.277 X 10° 60, 1578 /i o] 4252 19 H Al
T3 AN AT i T A 2.446 %, $811 T 0.443%.

A e R S B FEER TPV, PV2, WTT,
B A H AT 375 AN B AN 2 I RE S 7R TIG-
DTHI RIS S SRR R R,
BB E VR AP R, WNEATTLLE L, 7
HARPVL HARPV2, RIJWT1. Fifai FH /T iT3%
M5 SHR, W2 AR o n] 252 (M) B /NS
PEFEFE SRR RIE T H AT sz s . & sl
ZR PRI I, BEAERT RS2 I H A T I FAN AN R R T
.

K 4 MR H R E SRR AL
Table 4 Uncertainty degree of each parameter of the
opportunity model

WIESE  (Bpvi, Bpves 1%

el A A R A
1.205X10° 0 0
1.217X10° 0 0.657
1.229X10° 0 1.021
1.214X10° 0 1.275
1.253%X10° 0 1.639
1.265%X10° 0 2.003
1.277X10° 0 2.446
1.289 %X 10° 0 2.840
1.301 X 10° 0 3.204
1.313%X10° 0 3.568
1.325%X10° 0 3.932

MAESEhr H iz, H v e A e
FH G BEVR A& AN A7 17 AN 8 MRS/ IR, AR H
HI T B e, it N HIGDT, X a8 f AN )
BB T, PV, PV2, WT 128357 R85 & HL A1 A7 fif
(AN T PEBEAT T 78 . SRR I B ke B Uk 2%
T, AT PV, PV2AIW T 1255 GEVR & FEAN7 a7 %
SEAHEEREEE . WS T LA H, e BRI s M
SE PRI TR SR 25 1.205 X 105 7638 87 6k /) 145 1,
T, &S EAE R M B g . =% 8 HAR A
TEPESEU, TR T HE 52 1 St/ NANHf A2 T R B SRR
HeAR K HEPVIFR ) &K BBWTL. B T 2 fa e
(1R R FAANH 2 A, AT RS2 I YGAR PV LA 2 P
BN,

FoR N B TEA 5 & BT RE IR R HEL AN S fuf AN o
PPN ERAR, il 22 PV, PV2FIWT14555T
RETR A FELANAA AT 5 S BURH 2 TR RE . N 6 1] LAE
H, 7E 0 B 25 AR S PR R R T AL 2% 1.205 X
10 JLIZ BTG I - 50 T, A 35 R8T B YR & FE RN 67 fif
ANt PRI ML 2 P AR 1) % SO s 2
BIZETIEIN. A FEHT RE IR R FE AN R T 1
FERRL—FE, 5 BN E M S5, B AT 2
(1) B /NN 5 PERR BE SR IR R B R R FBP VAR T K
HWT1. 3 H, Xk B WT1 /6K PV A
SESBEE U N, =30, EE0 A2,
FERIEEIRZS M 1.301 X 10°, 1.313X 105, 1.325X 10° TG
B, A2 I e NN B S HUR A AE S5 ).

6 ik

AR T BT AR RS A e
LR AT, %2 538 2 [0 #H T Re IR A B, b
BT HAEBAT AL IS AT e, R EL R T3
PO N EANSHE 2R, 3+ H, Ei &
P e S gar A H T 3 A AN E R, X -
AT SAEREEEREAT b, IR G KRS R
WL T ST %, FELERIT:
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2) ASCRI AR TR B o SRR (K 5 3k, WEAL T
PG s AT AT E I HLA AR RE G SR O P
SR, Ferhy, B0 LR ) g I A e R £
IEE MR RRE, FEE 70X Ot A A H i
Sy R R TS B IR A T L2 iR FERE A T gL
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WA BB R AL L

Table 5 Uncertainty degree of robustness model consi-

dering renewable energy and load uncertainty

MEERE  apvi/  (@Pv2.  awri/%  ol%
Wz /ot % ap)%

1.205% 10° 0 0 0 0

1.193X10°  0.391 0 0.071 0.462
1.181X10° 1.242 0 0.071 1.313
1.169X10°  2.093 0 0.071 2.164
1.157X10°  2.943 0 0.071 3.014
1.145X10°  3.794 0 0.071 3.865
1.133X10°  4.673 0 0.071 4.744
1.121X10° 5573 0 0.071 5.644
1.109X10°  6.474 0 0.071  6.545
1.097X10°  7.375 0 0.071 7.446
1.085X10°  8.276 0 0.071 8.347

R 6 XFJEARLIR K A0 B AT AL L
R B AR 2 AL

Table 6 Uncertainty degree of opportunity model cons-

idering renewable energy and load uncertainty

LHESTER

I ( ,

A I
1.205X10° 0 0 0 0
1.217X10°  1.303 0 0 1.303
1.229X10° 2.386 0 0 2.386
1.214X10°  2.639 0 1.422 4.061
1.253X10°  3.540 0 1.422 4.962
1.265X10°  2.629 0 3.266 5.895
1.277X10°  3.530 0 3.266 6.796
1.289X10°  4.431 0 3.266 7.697
1.301X10°  7.573 0 3.266 10.839
1.313X10°  7.573 0 3.266 10.839
1.325X10°  7.573 0 3.266 10.839
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