B4l % 8T W H 31 b % # Vol. 41, No. 7
2015 £ 7 H ACTA AUTOMATICA SINICA July, 2015

8 X 1 & BB HLEFAERY BB A H14R 1A fE B) &

E[S é)] 1,2 %j% 1,2

1 F OAENALE AL BRI R e R KRR E LA B T OCHLIRAS SR B, L2 R G0 47 A
iR R A ALK, O T AR KRR f I T i e AR e v, 5N R A e R G0 5 WWLIEAT DRI E . el TR Bt
LRI AN, BH S8 00T ) 50 Ak B P S S R S . A S I (R R S A I 40 BT 68 ) AR LR AT ZHL 3, 6Tt e 4 7 5
) R ST T HEREARL. O T A S R A PR AR, S TR SR AR BTy R 1) (Y NP R AR RS (1 B AR A R, T
BT Pk B O #2450 (Lagrangian relaxation, LR) FVERFATSRAR. 4 T MIBEE I SKMBCR, $2H T T )8 UK Af 1A #E R
B EE A B FURA dh A, SEO0 45 A, 48 AR 2 B AL TR e i SR LS Y. J T OB B R b B H RA st B0k
CPLEX AL BRAARLL, BEAE 7EH R AT 1] Py 3RAS w00 e (R .

kgEIm ROk, LA, #ERE, Bk W H AL st

IR HBZD, FHIOE. HRR R BARHE I B M4l EE R . A Zh a4, 2015, 41(7): 1295—1305

DOI 10.16383/j.aas.2015.¢140503

Unit Commitment Problem for Wind Turbines Power Generation with

Batching Characteristics Consideration

LANG Jint?2 TANG Li-Xin'?

Abstract The unit commitment problem is to determine the start-up/shut-down schedule and economical dispatch
schedule of thermal generators, wind turbines and batteries to meet system load demand, reserved constraints, minimum
up/down time constraints and other constraints within a certain time horizon. In order to reduce the power supply
instability when wind power generation is plugged in the grid, coordinated scheduling of battery energy storage system
introduced into the gird and wind turbines is performed. As a large number of wind turbines are plugged in the grid, the
difficulties and complexities of the problem are increased significantly. In this paper, from a new batching perspective, we
group wind turbines based on their physics locations to formulate the problem. In order to improve the performance of the
batch model, a transformation method of model parameters is proposed. For tackling the complicated batch model and
its NP-hardness, we develop a Lagrangian relaxation (LR) algorithm. In order to accelerate the algorithm, a surrogate
subgradient Lagrangian relaxation algorithm is derived, in which subproblems are solved approximately. The experimental
results show that the proposed batch model is superior to the ordinal single-unit model. Compared with CPLEX 11.0,
the Lagrangian relaxation algorithm based on the batch model can obtain high quality solutions in a relatively short
computation time.
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Fig.1 The generation systems
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wind turbines
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Fig.6 The electric power demand curve of 24 hours
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Table 1  Comparison between the CPLEX and LR
CPLEX LR
PR

N1 N2 N3 N4 AR, AR, ACT1 ACT?2 AR5 ARy ACT3 ACT4

10 x 50 x 20 2 7 10 0 10.2134 1.0007 658.62 62.26 1.0202 1.0220 100.44 11.62
30 x 50 x 20 0 4 6 4 22.4066 1.0001 1800 642.20 1.0154 1.0173 101.89 11.76
50 x 50 x 20 0 4 3 7 13.3442 1.0000 1800 847.92 1.0199 1.0204 98.89 13.03
100 x 50 x 20 0 7 1 9 4.1187 1.0000 1800 1107.80 1.0165 1.0168 102.26 15.05
200 x 50 x 20 0 5 0 9 4.8595 2.5967 1800 1800 1.0144 1.0136 122.29 22.31
10 x 100 x 40 0 0 8 2 49.8455 1.0000 . 672.62 1.0126  1.0151 176.56 17.68
30 x 100 x 40 0 0 3 4 26.0544 11.7202 - 950.87 1.0047  1.0052 181.75 18.12
50 x 100 x 40 0 0 0 5 19.1359 10.1476 - 1800 1.0040 1.0044 215.04 22.46
100 x 100 x 40 0 0 0 5 9.7223 5.4860 — 1800 1.0027  1.0027 213.83 24.30
200 x 100 x 40 0 0 0 3 5.4671 4.1853 — 1800 1.0020 1.0021 199.63 26.91
10 x 500 x 200 0 0 0 0 113.9963  17.4596 — — 2.6195  2.6492 925.68 81.79
30 x 500 x 200 0 0 0 0 28.7955 28.7955 - — 1.0000  1.0042 961.48 83.37
50 x 500 x 200 0 0 0 0 17.0290 17.0290 - — 1.0001 1.0036 1798.74 151.61
100 x 500 x 200 0 0 0 0 10.2736 10.2736 - — 1.0002 1.0017 1617.97 144.05
200 x 500 x 200 0 0 0 0 4.9025 4.9025 - - 1.0000 1.0011 1739.14 155.89

4.1 HEBREEMRERKREIRIT
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