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Table 1 Forecasted mean electricity prices

B L/ B B R4 B B A/
[€-(MW-h)"'] [€-(MW-h)"] [€-(MW-h)"]
1 35.87 9 56.37 17 45.74
2 37.22 10 57.43 18 4551
3 31.96 11 54.61 19 4757
4 33.40 12 53.28 20 50.59
5 32.12 13 5248 21 52.00
6 35.38 14 47.96 22 47.98
7 39.22 15 49.07 23 46.56
3 49.91 16 46.63 24 48.46
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Table 2 Forecasted mean wind power outputs

BHEE DR/ MW | BEEE T,/ MW || BB i,/ MW
1 6.14 9 4.87 17 1.84
2 6.22 10 4.80 18 2.00
3 6.24 11 5.05 19 231
4 6.40 12 5.38 20 3.00
5 6.02 13 5.51 21 3.48
6 5.77 14 5.28 22 3.37
7 5.60 15 4.90 23 3.19
3 5.25 16 1.33 24 332
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Table 3 Loads of VPP

mHBE ffar /MW | BFEBE St/ MW || BB ffar /MW
1 2.5 9 49 17 4.6
2 25 10 5.4 18 4.1
3 29 11 6.4 19 3.7
4 32 12 7.6 20 33
5 35 13 7.0 21 3.1
6 3.9 14 5.9 2 2.7
7 43 15 5.5 23 2.5
3 45 16 5.1 24 2.5
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Table 4 Parameters of pumped storage power plant

Ew/(MW-h)  E/(MW-h) = E/(MW-h)  n./% nu/%
40 8 6 87 87
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Table 5 Comparison of profits
among three methods
EbsAE /€

Tk Jrk2
1 4437.87 4261.49 4020.27
2 431830 4093.62 3870.36
3 4711.96 4495.37 430991
4
5

k3

4614.22 4111.34 4030.65
4581.83 4354.79 4061.44
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Table 6 Profit and corresponding parameters for
different constraint violation probabilities

> R

mi TR —22“"”21{ /€
1 1 50.00 50.00 0 0 4438.9
2 5 20.61 79.39 -0.8200 0.8200 4498.4
3 9 5.16 94.84 -1.6295 1.6295 4356.2
4 13 0.71 99.29 -2.4522 24522 4318.7
5 17 0.05 99.95 -3.2905 3.2905 4281.9
6 21 0.01 99.99 -3.7190 3.7190 4240.5
7 24 0 100.00 — — 42173
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Fig.3 Optimal operation scheme of VPP for
different MTEAs
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Table 7 Unit commitment scheme of gas turbine

for different MTEAs
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Bidding model based on robust optimization for virtual power plant under
carbon emission constraint
SUN Guoqiang', YUAN Zhi',XU Xiaohui’, WANG Chun?,WEI Zhinong',ZANG Haixiang'
(1. College of Energy and Electrical Engineering, Hohai University,Nanjing 211100, China;
2. China Electric Power Research Institute,Beijing 100192, China)
Abstract: Since both the renewable energy power output of virtual power plant and the electricity price of
electric power market have uncertainty factors,their impacts on the bidding affairs of virtual power plant
should be deeply researched. The robust optimization approach is used to deal with the uncertainties of
wind power output and electricity price and a bidding model based on the robust optimization is built for
the virtual power plant,which considers the impact of carbon emission constraint at the same time. The
result of case analysis verifies the economics and robustness of the proposed model,demonstrates the
effectiveness of robust optimization approach in dealing with the uncertainty parameters and shows the
influence of carbon emission constraint on the bidding strategy of virtual power plant.

Key words: virtual power plant; uncertainty; robust optimization; carbon emission constraint; models



