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Allocating reserve cost for hedging against wind generation
uncertainty: a coalitional-game-theoretic approach
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Abstract: With large-scale wind power integrated into power grid, more and more day-ahead reserve capacity and
operation cost is required to hedge against the uncertainty of wind power generation in power system operation. However,
how to share the cost among wind power plants in a reasonable way become one of the important issues on large-scale
wind power integration and consumption. This paper proposes a coalitional-game-theoretic approach to allocate the cost of
associated reserve capacity reasonably and fairly. Firstly, the “coalitional game” is applied to encourage the collaboration
of wind farms for reducing the total cost. Secondly, the Shapley value is adopted to quantify the contribution of each
wind farm to the total cost. Simulations are carried on a modified IEEE-39 bus system to validate the effectiveness of the
proposed method. The impacts of wind generation capacity, wind generation prediction accuracy, and prediction correlation
of different wind farms on the cost allocation are also analyzed.
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4.2 5P (Cost allocation algorithm)
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Table 1 Wind power generation data

WY R NIRRT A

W WA MW RREE/%  BFMW

1 4 69.25 8 531.84

2 5 69.25 9 598.32

3 6 69.25 10 664.80

4 7 92.33 10 886.40

5 8 115.42 10 1108.00

90 T T T T T
E 80| .
R 70 - 7
ﬂ 60 - _
@ 50 F .
R 40 g
B .| i
K 30

20 1 1 1 1
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VB

— R3%2: 69.25MW-9%
— R3H4: 92.33MW-10%

— X3#1: 69.25MW-8%
— KX373: 69.25MW-10%
— KX3#5: 115.42MW-10%

B2 R 5 R TI0 H g Hh2k
Fig. 2 Wind power prediction data (5 days)

5.2 N EL 7] ) B A 43 W 53 T (Analysis of cost

allocation among wind power plants)
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Table 2 Cost allocation results of N ({2, —AF):

TR, 3 3 oA s Tk S

no coalition amongst wind power
plants

Ky R R K0

75 FRAS ZHAE/$ JEASFN/$
1 1595.08
2 1794.46
3 1993.85 445771.66  457136.60
4 2658.47
5 3323.08
SRR 11364.94

7000
6000
5000
4000

le 18 ¥
i

»

.\ﬁ&HWWwWﬁ
300017 ﬁ ‘«ﬁ%ﬁaﬁwmxzﬂ
‘1 1 1 I* %)Tiﬁﬁﬁwmlﬁﬁj: 1
2000O 10 20 30 40 50 60 70 80 90

G
3 AL T OB 5 A P A A1

Fig. 3 Comparison of cost allocation of any two sub-unions

i_i_:

TIPERIRA / $

before/after forming a new coalition

RI[FI 4 1 K72 20 L BT 1B B it
JRASKE BRI, [FAR20 K [ AN AE I B 5 2
FHEE, 1B 127 XURELI7 LATIER 5 13 7 U7 270 3 FAT
AR HL BRURA) PR LI I8 224 73 A A, RN
LI B TR SR AR R, Ui B % 0 SRS A7 AE — 2 1Y
AEHE.

& 3 BMIN (0, —AF) A A 45 B R 3 1 45 A 5% 2

Table 3 Cost allocation results of N ({2, —AF): coalitions amongst wind power plants

JF3H I 3 R e N R
FFg 0 AMEE LB

VR K BB
BSYE'% NN TS V5 % VA I PRI A /S

N NN N
T = W N

452467.85 6696.19 4914.98 1228.75
453717.25 7945.60 4781.54 1593.85
452326.82 6555.17 4963.73 1240.93
452267.02 6495.37 5072.24 1268.06

1 23 4 5 BEA HE
K HLIZ “HRERATN” (B%{H) 445771.66 0.00 0.00 0.00
1 1100 0 456302.09  10530.44  2526.36 1263.18
2 1010 0 456284.03  10512.37  2690.73 1345.37
3 0110 0 456127.83  10356.17  2803.70 1401.85
4 1110 0 454797.15 9025.49 3280.30 1093.43
5 1001 0 456114.05  10342.40  3233.17 1616.59
6 0101 0 455765.31 9993.66 3264.27 1632.14
7 1101 0 454477.57 8705.91 3683.53 1227.84
8 00 11 0 455553.20 9781.54 3338.97 1669.49
9 1011 0 454356.61 8584.95 3774.99 1258.33
10 01 11 0 454261.80 8490.15 3871.33 1290.44
11 1 1 1 1 0 453062.11 7290.45 4250.70 1062.68
12 1.0 0 0 1 455835.53  10063.88  3748.92 1874.46
13 01 0 0 1 455586.66 9815.00 3790.87 1895.44
4 1100 1 454315.14 8543.48 4167.59 1389.20
15 00 1 0 1 455522.01 9750.35 3906.34 1953.17
6 1 010 1 454247.29 8475.64 4277.43 1425.81
17 0110 1 454009.40 8237.74 4295.09 1431.70
18 1110 1 452756.02 6984.36 4599.40 1149.85
19 00 0 1 1 455303.44 9531.79 4317.96 2158.98
20 1 0 0 1 1 453893.00 8121.35 4593.45 1531.15
21 01 0 1 1 453810.34 8038.69 4689.17 1563.06

1101 1

0011 1

101 1 1

0111 1

1111 1

[\l
(=2}

450608.09 4836.44 4836.44 967.29
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Fig. 4 Cost allocation of each wind power plant
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5.3  FRBNGRZEA NS KR 73 A Wi 73 Bt
(Impact of wind forecast error correlation on the
cost allocation among wind power plants)
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Fig. 5 Wind cost allocation of different correlation

coefficients of wind power prediction error
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Fig. 6 Wind cost allocation percentage of different correlation

coefficients of wind power prediction error
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6 455 (Conclusions)
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F3% A(Appendix A)

ST A S BTR B R 2 R ik aa :
min Fg(z),

s.t. g(z) =0, h(z) >0,
hr(z) > Ro + Ro + Rg,

Horp: Fo (o) NBEHHO N RS E BA; oA AL
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LTI LERLIAR e 26 FILIH ;. RoZos R G8—BLii# H
R, RoZORBKBOPTIAE XTI % H; RgRmESO
= O\O XU SO 2 AR XL T B 6 LRI

3% B(Appendix B)

FE 1 NHEIFBEEIEN (2, - AP EALEE 7.
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<64, i<, i L AXiNX; =2.
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2 X R T RR 45 .
HR 408 B 3 AT B A TR P ) 240 R SR B BB 327 R IR
Be(d), RHE— AT Xy, , VL O JITRA 22 1) 45 FE RS A
M
> Rx,,, WA Fx, = =Fx, > F(2), Xh: Fx,,
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