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ABSTRACT: The operation mode of multi-stakeholder in the
complementary coordination is one of the significant energy
transitions in days to come. This paper mainly focuses on the
allocation mechanism of synergistic gains of wind power,
photovoltaic power, cascade hydropower and hydrogen stations
based on the cooperative game theory. In order to gain the
maximum output power of the coalition, the dispatch models of
non-cooperative and cooperative modes are established
uniformly, using the output expectation function to describe the
uncertainty problem after the aggregation of multiple
stakeholders of wind and PV powers. Then the Shapley Value
and the Aumann-Shapley Value in the cooperative game theory
are applied to allocate the synergistic gains after constructing
the value function. Finally, the cases of a 5-stakeholder and
Lower Yalong River Basin 50-stakeholderwind-solar-hydro-
hydrogen energy systems show that the synergistic gains are
highly influenced by natural inflow of hydropower, and that the
collaborative operation will significantly improve the benefits
of both the individual stakeholder and the cooperative coalition.

KEY WORDS: cooperative game theory; multi-stakeholder
wind-solar-hydro-hydrogen system; allocation mechanism of
synergistic gains; Shapley Value; Aumann-Shapley Value
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Fig. 1 Curve of wind-PV output expectation function
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8 7K 2.0 2828.3138
9 Tt 7K 5.0 3403.2628
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NS o, DRI R S 1 R B AL SR 3 2
MRS R L1 A5 RO BSENLZS B I3 2
e, BROEBENFEY A 2 M50, KK SR
J6HANITASHIE A~ K H1K) 58.46%; 4 KB ML A
B K5 AR, AKHAZK S RO A AT AL
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Table 2 Dispatching results of down-ward spinning
reserve under different scenarios

vt iN NiEkE %
IR BRI sy ke mERMw )

1 EVI8:] 1.0 0

2 FIKH 2.0 0

3 FIKH 5.0 0

4 KA 1.0 427.73
5 KA 2.0 855.49
6 KA 5.0 2102.63
7 FiliZK A 1.0 427.73
8 FiliZK A 2.0 677.79
9 HitiZK A 5.0 677.79
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Table 3 Generation of stakeholders under different
operation modes

" % HUE/ (MW )
FlaL L L MEETHA BT
WD 662.56 982.45
PV 1009.40 1384.53
HY1 4368.05 5882.64
HY2 3907.78 5622.37
HG —1600.00 —1359.16
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A& VEIEATIEIR 4165.03MW h 125 L E . B
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A, AHAE RS R 25 3 Uk 1) 465 18 U 1) S8 T
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36 HUME 28 VT Y AL 33 v e Y s Y 26 o B
Ry 12 S 18 ARG, 15 AN ERE
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FioR. &HHIER R HNE MR RA RS E, H
SZHOLMESE Co MR 2021 4F 1 H 2 HXOGH /1%
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Fig. 3 Diagram of Yalong River-50-stakeholder
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Fig. 4 Allocation results of Aumann-Shapley Value of
50-stakeholder
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Fig. 5 Time consuming for different stakeholders under
Shapley Value and Aumann-Shapley Value
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Table B2 Natural inflow of Cascade hydropower
R 9 1 25 43 A 1) 1 2 55 FEE 6 8 (&) — I AT 5, yerop

I Bt | 377K HL/(10%m3) UK HL/(10%m3)
TN R KOG H 7T BREE B y (&) A AT — IR = 1 c8 28
= IRR S 2 53 3.7
_?j—»\ﬁ‘—(‘%&. 3 59 3.7
y'(€)=[(¢-)D(g) +D(0)]'= 2 22 22
D(S) +(¢ -1 p(S) (A1) ) 6 u
ZUOR 7 5:3 3:5
y'(@)=p()+p()+(E-Dp'() = 8 5.7 32
2p(0)+(E-Dp'(¢)= 9 5.6 35
2 exp[- (g_ﬂRES)2]+ 12 21 22
OgesN2m 2075’ 12 57 38
(¢ - o expl- o) - e o 5
Ores (; )2 RES 15 5.2 38
& — Hges 16 5.8 3.7
Ores 2T el 20kes” Ix 17 53 36
Cou 18 52 37
[2+(¢ —1)G—R2ES] (A2) 19 5.8 36
RES 20 56 36
Fy 1 (A2) T 5 7 3 o tE AR, 2 fi 21 5.3 35
71 & ARG TE XA [Comn +Sup] WIS TS S5 2593 22 5.8 35
>0, WA y'(C) > 0MEMT, FIHRIGH - o >

H 7 K S 5 % : NE ﬁ“l_\ll éAHﬂx‘
é@ﬁ y(g)jjlﬁluiﬁl él?)\{”liljjjé/?f D/TEI:]ETJ £B3 HESLEEASK

[§up o] W, 55 1E <0, ShET A Table B3 Parameters of hydrogen station
y'C ¥ TERSL, BRI XOE H R R v (&) i B i
IZI %& ’ é/%i’?gfiﬁ o nel% 75
3,
MEE R-dt—k-5 5 FzEHELss T -
Fz Bl X, HAREH/RTNSH P /MW 40
Table B1 Predicted parameters for WD and PV Lig total/ (L0*NmM?) 30
i % 1w/ MW owp/MW Loy MW opv/IMW
S e - - - MR C BETTHRERSAERARSH
3 39.12 3.69 - - F Cl HHISENIEASH
4 37.05 345 - - Table C1 Parameters of hydrogen station
5 36.89 3.43 - -
6 35.15 322 — — FIREE 70 l% reto | P ¥ Lol
7 34.43 313 20.16 142 (Nm/MW) MW (10°Nm)
8 33.12 2.97 38.56 3.63 HGL 75 250 150 40 30
9 32.05 2.85 40.08 3.81 HG2 7 250 150 40 30
10 31.16 2.74 48.33 4.80 HG3 8 250 150 40 30
1 30.89 2.71 70.04 7.40 HG4 7 250 150 40 30
12 30.01 2.60 108.36 11.01 HG5 77 250 150 40 30
13 31.26 2.76 206.05 20.73 HG6 76 250 150 40 32
14 3225 2.88 243.15 25.18 HG7 76 250 150 40 32
15 33.57 3.03 201.39 19.17 HG8 76 250 150 40 32
16 34.34 3.12 109.68 9.16 HGY 76 250 150 40 32
17 35.06 3.21 73.32 5.80 HG10 74 300 200 60 35
18 36.80 3.42 34.13 2.09 HGlL 74 300 200 60 35
19 36.98 344 - - HGl2 78 300 200 60 35
20 31.06 3.45 - - HG13 76 300 200 60 35
21 38.41 361 - - HG14 74 300 200 60 35
22 40.50 3.86 o o HG15 74 300 200 60 35
23 42.30 4.08 — -

N
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