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Scenario analysis based on the optimization Kriging model for solving unit commitment problems

CUI Chenggang', HAO Huiling', YANG Ning', XI Peifeng’
(1. School of Automation Engineering, Shanghai Electric Power University, Shanghai 200090, China;
2. Shanghai Key Laboratory of Smart Grid Demand Response, Shanghai 200063, China)

Abstract: Because wind power has high volatility and uncertainty, it may bring many problems and challenges to the Unit
Commitment (UC) problems. Therefore, a scenario analysis method based on the sequence Kriging model is proposed to
solve wind power uncertainty. It generates a large number of scenarios by a “forecast bin” method. Then the operational
cost of the corresponding scenarios is estimated by a sequence optimization Kriging model. At the same time, an
important sampling method is adopted to reduce scenarios given the influence of wind uncertainty combined with the
operational cost. The effectiveness of this method is verified by a stochastic unit commitment model considering power
balance and wind ramping constraints. It is shown that the sequence optimization Kriging model can use fewer points to
estimate the operational cost of the scenario set. Compared to the Kantorovich distance method, the result of the proposed
method is more representative, and the resulting solution has better economy and reliability.
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Table 1 Parameters of thermal power units
a WK m T ESUF”#?%Z BUIK I EYOF:‘(KIW BANKE BT BURZ BEE Cisty WIkh
MW MW TWi/(FETT/M)  (GETT/MWh)  (ETT/MWHh)  BURHTEL  BLIE] A AYs 5 E]/h R
1 455 150 1 000 16.19 0.000 48 8 8 4500 9 000 5 8
2 455 150 970 17.26 0.000 31 8 8 5000 10 000 5 8
3 130 20 700 16.60 0.002 5 5 550 1100 4 -5
4 130 20 680 16.50 0.002 11 5 5 560 1120 4 -5
5 162 25 450 19.70 0.003 98 6 6 900 1 800 4 -6
6 80 20 370 22.26 0.007 12 3 3 170 340 2 -3
7 85 25 480 27.74 0.007 9 3 3 260 520 2 -3
8 55 10 660 25.92 0.004 13 1 1 30 60 0 -1
9 55 10 665 27.27 0.002 22 1 1 30 60 0 -1
10 55 10 670 27.92 0.001 73 1 1 30 60 0 -1
%2 24h GAfER
Table 2 Load demand of 24 hours
iy 1) I3l 4] ly ts s t7 13 ty to h t2
i/ MW 700 750 850 950 1 000 1100 1150 1200 1300 1400 1450 1500
N2 t3 tis tie ty tig to [5%) b1 [5%) 13 528
i/ MW 1 400 1300 1200 1050 1 000 1100 1200 1400 1300 1100 900 900

*3 ETF=MAEHIRZETRYEHZHEERE
Table 3 Operating value of different number of reduced

scenarios in the three methods
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B FRBRLAY -
10 4 544 990.372 542 175.596 542 171.560
20 4 543 456.971 543 369.984 543 403.813
50 4~ 559 798.535 556 215.246 536 410.580
100 4> 566 783.032 566 359.611 565 780.443
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Table 4 Prediction error of the model is established based on

the different number of scenarios
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BRI TN~ 22/ % s

TR ZE /%
10 4~ 1.24 10 4~ 122
20 4~ 1.19 14/~ 1.15
50 AN 0.84 20 4 0.84
100 4 0.61 354 0.60
120 4 0.51 374 0.55
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Fig. 5 Prediction error of sequence Kriging model and the

sample number of each model established
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Table 5 Operating expectation obtained from the models

established based on different number of scenarios
AR

P 104 204 40 A
104 542171.646  541983.116  542171.560
204 546368.172  546403.892 546 403.813
50 4 536410.506 536410506 536 410.580
100 A4 565 780.535 565 780.764 565 780.443
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Table 6 Economic dispatching problem solved based on
three different methods
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BH Bk A BAR
- e AR
JA A5 RAR 420 420 420
JRRLRAR 543 086.055 539 663.728 539 663.728
FRURA 0 0 0
PRI %S 91 032.477 66 032.477 66 032.477
BRA 634 538.532 606 116.205 606 116.205
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