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Table 2 Simulative results of Scheme 6 and Scheme 7

150 2 R e W w2t /

Y & /1ot Ytk / 100 (MW -h)
HE6  HET  HFEe HET HE6  HET
0 9647 10104 489 662 48355  502.84
0.05 8341 8751 499  6.62 43996  458.68
050 3575 3758 5838  6.62 25197  264.00

1.00 26.94 28.15 6.20 6.62 210.67 219.71
2.00 26.14 27.46 5.96 6.62 210.97 221.09
3.50 26.34 27.67 5.96 6.62 21394  224.05
5.00 26.46 27.81 5.89 6.62 215.45 225.76
10.00 28.08 30.48 5.19 6.62 231.45 247.59
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Table 1 Simulative results of Scheme 4 and Scheme 5
UES FES
Y H i T2 w2 . . MHER H i W8 ey 2= . — MHER
ez / 5t T / 5t CValt /e Wz / 5t Was /e Em/E ORI s s

0  1276890.1710 1010395.5160 2547874.5510 226494.65520 136471532  1093429.96 2426372.00 231285.37
0.05 1241837.4510  875071.2479  1997404.9920 226895.95370 1343057.23  969816.25 2012878.25 232597.07
0.50 1064159.0620 375830.5121 1128224.7280 84216.18582 1140530.61 410003.93 1150711.31 115171.03
1.00 986567.7182 281469.7482 798165.2633 -133067.29330 1008385.18 224297.81 662461.88 81625.49
200  964593.6290  274625.9052 7391343960  -828301.06820  985537.60  208485.36  605989.98 -474927.71
3.50  958714.5712  276671.5591 729562.8136 -1911426.83500  975482.77  206966.25  589570.42  —1334979.96
5.00 933209.1457 278123.4574 704157.8304 -2905703.46400 943838.14 204161.82 560082.57 -2100736.51
10.00 894987.3074 304822.1284 677561.5548 —6225450.36900 905653.47 220700.63 533100.32 -4686050.41
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Collaborative participation strategy of new energy and energy storage in market
considering deviation risk aversion
HUANG Jingjie, OUYANG Shun, LENG Ting, YANG Hongming,ZHOU Renjun

(Hunan Province Collaborative Innovation Center of Clean Energy and Smart Grid,

Changsha University of Science and Technology,Changsha 410114, China)

Abstract: In order to improve the generation efficiency of new energy, the energy storage can cooperate
with new energy to actively participate in the market to obtain more profit opportunities. Therefore,the opera-
tion model of new energy and energy storage collaboratively participating in the market considering the devia-
tion risk aversion is proposed. The deviation risk is defined as the sum of daily abandoned power loss
and penalty cost,which is derived from the deviation power generated by the uncertainty of new energy. In
order to reduce the deviation risk of new energy participation in the market transactions,a collaborative opera-
tion model is established with the goal of maximizing the total expected return of new energy,with the day-
ahead planned power as the variable and the maximum charging and discharging power of energy storage
as the constraint. The uncertainty of new energy output is simulated by the scenario analysis method, the
risk is measured by the conditional value at risk,and the risk aversion factor is introduced. According to
whether the predicted deviation power is considered or not,two declared strategies are proposed,that is,the
predicted value of new energy generation power or the predicted value of generation power considering
the predicted deviation power is considered as the upper limit of declaration power. The analysis results of
example show that,in the two proposed declared strategies,the declared strategy considering the predicted
deviation power has higher comprehensive benefits and can provide important reference for the new energy.
Energy storage cooperative with new energy to participate in the market can effectively avoid the deviation
risk and is conducive to promoting the equal development of energy market and auxiliary service market
in the new type electricity market with new energy as the main body.

Key words:new energy;energy storage;deviation risk aversion;deviation power;energy market;ancillary ser-

vice market;declared strategy ;collaborative operation
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Fig.A1 Generation curve of new energy
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Table A1 Price parameters

ZH g

FEHERA 600 JG/(MW -h)

fE 5 T ) 22 0 i 800 JG/(MW -h)
IR 55 M 22 A0 A% 600 JG/(MW -h)
B AL 5 AN 782 JG/(MW -h)
IR 55 22 5 AN 500 JG/(MW -h)
R il 3T 2 B AN A 100 /3 76/MW
R b o7 75 ) S AN A 400 73 76/MWh
FL vl B T A8 4 A 10 J3 76/ (MW -a)
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Table A2 Deviation penalty factors

B B ZH e
P 0 P BrAtx2%
Ps 0.5 P, P A% 5%
Ps 1 P B Atx10%
Py 1.5 P Py A x15%
Ps 2 Fs P A x100%
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Fig.A2 Wind power output scenarios
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Fig.A3 Planned output of wind power in Scheme 3
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Fig.A4 Planned output of wind power in Scheme 4
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