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Study of unit commitment considering the uncertainty of wind farm and load
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Abstract: In order to ensure the safe and economic operation of system which is impacted by the uncertainty of wind power and load,
and to acquire economic and reliable solutions, this paper proposes to cope with the uncertainty factors, especially the effect of wind
power plant output prediction, through configuring spinning reserve capacity. This paper adopts the method of cost-benefit analysis,
based on the mutual restraint of the spare benefit and cost in the objective function, suitable reserve is automatically configured for
the system. Part of nonlinear constraints in the model that contains {0, 1} variable product form are transformed to a group of linear
constraints. The transformed mathematical model is a standard secondary mixed integer programming, and it can be solved directly
by traditional mathematical optimization model, so computing speed is faster than many chance constraint programming methods. To

some extent, it can satisfy the practical application. The example results show its effectiveness and practicability.
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Table 1 Influence of the variance of forecast error on the system economic operation

% 9, SEAS  BITEAS  IEAS S TERE/MW (URIERENES HIE DI A HE/MWh
0.01 0.08 163 585 161 104.4 2 245.078 449.015 6 235.522 0.047 104
0.02 0.1 169 855 163 326.2 3 654.415 730.883 2 874.385 0.574 877
0.03 0.15 185711 170 612.7 4750 950 10 348.3 2.069 66
* 2 FRNMEXRFEFEITHFM
Table 2 Influence of reserve price on the system economic operation
HHMMEASMW)  RRA/S AT RA/S N A/S /MW WEHIRS IR DR E/MWh
2 167 651 163 343.7 1494.528 747.264 2 812.772 0.562 554
5 169 855 163 326.2 3 654.415 730.883 2 874.385 0.574 877
10 173 484 163 290.7 7156.567 715.656 7 3036.733 0.607 347
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Table 3 Influence of cutting load or unit loss value of wind power on the system economic operation

oy AT ok WY
m%&%&wm RAHASS s wEMw ;EE wﬂ%iWh
500 165232 161 299.7 2974.735 594.947 957.565 1.91513
1 000 166 353 1615743 3121.597 624.3194 1 657.104 1.657 104
3000 168 676 163 289.6 3 578.09 715.618 1 808.31 0.602 77
5 000 169 855 163 326.2 3654415 730.883 2 874.385 0.574 877
10 000 172 106 165 156.9 3 957.997 791.599 4 2991.103 0.299 11
30000 175 168 167 848.8 4 358.313 871.662 6 2 960.888 0.098 696
50 000 177 240 169 758 4 555.26 911.052 2926.741 0.058 535
100 000 180 084 169 761.3 4 559.755 911.951 5 762.946 0.057 629

x4 FRINEKET, REFMRER
RFFENRBRZ RS0
Table 4 Economic influence of wind power prediction error on
wind power system under different wind power levels

RURA/S

T = 55 o, =0.02 0, =0.02 o, =0.02

o, =0.10 0,=0.15 o, =020
FALNEREIE S 176 517 176 517 176 517
R (1) 169 855 171 035 172231
R (2) 167 884 169 475 171 876
R (3) 166 977 169 180 171 948
R (4) 166 453 169 133 172378
R (5) 164 654 168 799 174 604
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N N
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Table B1 Unit parameters

Zéfjl it pat (rug AT (rdy AT ag! 2 by /! S Ky B, ! py/ oy 7o)
e MW MW MW MW (SMW?)  ($/MW) h MW h  h
1 150 470 80 80 0.00043 216 958.2 50 0 3 120 1 0 4 4
2 135 460 80 80 0.00063 2105 13136 50 0 3 120 1 0 3 3
3 73 340 80 80 0.00039 2081 60497 50 0 3 200 1 0 3 3
4 60 300 50 50 0.000 7 23.9 471.6 50 0 3 60 1 0 3 3
5 73 243 50 50 0.00079 2162 48029 50 0 3 74 1 0 3 3
6 57 160 50 50 0.00056  17.87 60175 50 0 3 160 1 0 3 3
7 20 130 30 30 0.00211  16.51 502.7 50 0 3 130 1 0 3 3
8 47 120 30 30 0.004 8 23.23 639.4 50 0 3 50 1 0 3 3
9 20 80 30 30 0.10908  19.58 455.6 50 0 3 30 1 0 3 3
10 55 85 30 30 0.00951 2254 692.4 50 0 3 55 1 0 3 3
MiZk B2 S EREINE (1) FlE Mk C FEEZHTHIHAHLEESER
Table B2 Predicted values of loads and wind power (1) E T 5 IR (D) FME R &, Rk
MW FHBEMEA 5 $/MW, D) R B G 1 I8 24
e T 2 3 4 s 6 %45 000 $/MW, o, =0.02, o,=0.10; fFEIAIHL
Gl TN L, (fore) 1102 10686 1123311674 12373 12008 HAHREWHER CL. HLAEBE WL C2. i
RBBEOBRE 0 o 0 e s a0 SIIHLAL E e FZS BB R C3 LI HLZH
W' (fore) HH AR WML C4 iR,

Mizk C1 HUBAREIRES
Table C1 Unit start and stop state

Mize B3 KLEETHE (2) ~ (5) FiiM{E

Table B3 Predicted values of wind power (2) to (5) EL ! 2 3 4 2 6
MW Hl4l 1 1 1 1 1 1 1

B4l 2 1 1 0 0 0 0

N B 1 2 3 4 5 6 M4l 3 1 1 1 1 1 1

M4l 4 1 1 1 1 1 1

RkQBuE 900 800 800 700 650 800 b s X X X X X X
ARG BE 900 900 900 900 950 900 B4l 6 1 1 1 1 1 1
M4l 7 1 1 1 1 1 1

M@ Fmy 1000 900 900 950 10501000 s 1 0 0 0 0
REINZGFMNE 1000 1200 140.0 150.0 105.0 100.0 :LLZ:{lgo i i g g g g
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Table C2 Unit dispatch output values

MW
BF B 1 2 3 4 5 6
Hl4i1 1633 1633 2433 2904 3389 3249
Hl4i2 1483 1483 0 0 0 0
Hl4i3 1939 2074 2874 3267 3267 3267
Hl4l4 60 62.59 1126 6833 6833 6833
Hl4l5 8133 8133 1313 1454 1718 1642
Hldle 1525 1025 1517 1517 1517 1517
Hl4i7 130 116.1 125 125 125 125
WL 8 4759 47 0 0 0 0
L 9 20 20 0 0 0 0
B 10 60 55 0 0 0 0
Miz c3 ¥l4H LiAER
Table C3 Unit up-regulation reserve
MW
BF B 1 2 3 4 5 6
Mgl 1 1333 1333 1333 1333 1333 1333
Ml 2 1333 0.1996 0 0 0 0
M43 1333 1333 1333 1333 1333 1333
Ml 4 8333 8333 8333 8333 8333 8333
L4l 5 8333 8333 8333 8333 8333 8333
Hldle6 7.505 8333 8333 8333 8333 8333
WL 7 0 0 5 5 5 5
B4 8 5 5 0 0 0 0
L 9 5 5 0 0 0 0
LA 10 5 5 0 0 0 0
F#& M EE 79.161 66.8586 56.659 56.659 56.659 56.659
Mtz C4 HIETIAZR
Table C4 Unit down-regulation reserve
MW
BF B 1 2 3 4 5 6
Mgl 1 1333 1333 1333 1333 1333 1333
Ml 2 1333 1333 0 0 0 0
M43 1333 1333 1333 1333 1333 1333
Ml 4 0 2593 8333 8333 8333 8333
L4 5 8333 8333 8333 8333 8333 8333
Hldle6 8333 8333 8333 8333 8333 8333
WL 7 5 5 5 5 5 5
B4 8 0.5853 0 0 0 0 0
L 9 0 0 0 0 0 0
LA 10 5 0 0 0 0 0
T& B 67.2413 64249 56.659 56.659 56.659 56.659
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