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Minimum Load-curtailment in Transmission Network Planning
Considering Integrated Wind Farms
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ABSTRACT: The robust linear optimization theory was
applied to study the minimum load-shedding problem for
transmission network planning with multiple wind farms,
providing a new way to the study of systematic security. Based
on Seng-Cheol Kang’s robust linear optimization theory, this
paper constructed the minimum load-shedding model for
transmission network planning considering the influence of
wind farms. The wind farm output was described as its
minimum, maximum and mean values in the model. And the
model was eventually transformed into a deterministic linear
programming problem. Whether considering the generation
rescheduling or not, the model is able to get the most secure
load-shedding scheme. In addition, the decision-making
process is flexible because it can get more load-shedding
schemes between the most reliable and the most economical
range. Taking into account the generation rescheduling, the
model can offer the corresponding generation schedule. The
model can preliminarily calculate the reliability of the
transmission network plans under a variety of load-shedding
schemes. The test results of the modified Garver’s 6-bus
system and the modified Brazilian southern 46-bus system
verified the validity of the proposed method.
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Tab. 2 Parameters of generators
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Tab. 4 Parameters of lines in the modified
Garver’s 6-bus network

RS Nij rij fii/ MW
1-2 1 0.4 100
1-4 1 0.6 80
1-5 1 0.2 100
2-3 1 0.2 100
2-4 1 0.4 100
2-6 4 0.3 100
3-5 2 0.2 100
4-6 2 0.3 100
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Tab.5 Test results

r Ls 1Y) i1 ar /MW P07
0.0~25 0.000 0 0.164 0
3.0 1.403 8 0.1236
35 1.7823 0.1053
4.0 2.1600 0.000 0
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Tab. 7 Parameters of generators
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Tab. 8 Parameters of wind farms

KRB S IE PRI EE 46 1T R RSE, 46 1T g P e
RARGE R IREARE S T 3CHR[24], BG5S A 16 17, 16 100 45
19, 20. 42 = ALY, N R 46 IR BN 17 150 60
TN B RGHE KPR B . o -
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Tab. 9 Parameters of lines in the modified 46-bus system

b n;j rij fiMW | 2% n;j rij fiMW | 2% n;j ri fi/MW || CB% n;j rij fi/MW
1-7 1 0.061 6 270 19-21 1 0.0278 1500 | 34-35 2 0.0491 270 20-21 2 0.0125 600
1-2 2 0.106 5 270 16-17 1 0.0078 2000 | 35-38 1 0.198 0 200 42-43 3 0.0125 600
4-9 1 0.092 4 270 17-19 1 0.0061 2000 | 37-39 1 0.028 3 270 14-15 1 0.037 4 270
5-9 1 0.117 3 270 14-26 1 0.1614 220 37-40 1 0.1281 270 5-11 1 0.0915 270
5-8 1 0.1132 270 14-22 1 0.0840 270 37-42 1 0.2105 200 46-6 1 0.0128 2000
7-8 1 0.102 3 270 22-26 1 0.0790 270 39-42 3 0.2030 200 19-25 1 0.0325 1400
4-5 2 0.0566 270 20-23 2 0.0932 270 40-42 1 0.0932 270 31-32 1 0.0046 2000
2-5 2 0.0324 270 23-24 2 0.0774 270 38-42 3 0.090 7 270 28-30 1 0.0058 2000
8-13 1 0.1348 240 26-27 2 0.083 2 270 32-43 1 0.0309 1400 | 26-29 3 0.054 1 270
9-14 2 0.1756 220 24-34 1 0.164 7 220 42-44 1 0.120 6 270 24-25 2 0.0125 600

12-14 2 0.0740 270 24-33 1 0.1448 240 44-45 1 0.186 4 200 29-30 2 0.0125 600

14-18 2 0.151 4 240 33-34 1 0.126 5 270 19-32 1 0.0195 1800 | 40-41 1 0.0125 600

13-18 1 0.1805 220 27-36 1 0.0915 270 46-19 1 0.0222 1800 2-3 1 0.0125 600

13-20 1 0.107 3 270 27-38 2 0.2080 200 46-16 1 0.0203 1800 5-6 2 0.0125 600

18-20 1 0.1997 200 36-37 1 0.1057 270 18-19 1 0.0125 600 9-10 1 0.0125 600
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Tab. 10 Test results

Loz VIS Lag IDIOUAT Las FOVDGg  BADD SR b,
HIMW H/MW H/MW H/MW
0.0 0.00 0.00 0.00 0.00 1.000
0.5 5.63 6.72 7.30 19.65 0.913
1.0 8.67 11.70 19.29 39.66 0.605
15 10.61 11.85 18.15 40.61 0.529
2.0 8.22 8.88 24.48 41.58 0.361
2.5 12.33 12.76 17.06 42.15 0.249
3.0 12.00 12.31 18.42 42.73 0.147
35 10.15 10.93 21.90 42.98 0.108
4.0 13.38 13.66 16.19 43.23 0.074
4.5 11.80 12.25 19.37 43.42 0.050
5.0 12.80 13.40 17.40 43.60 0.000
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Tab. 11 Generation schedules

R HIMw 1 H 1MW
14 965.75 31 485.84
16 534.54 32 397.51
17 394.33 34 620.87
19 1280.81 37 269.84
27 194.91 39 533.98
28 301.63

BRI 2475 18 XL A G R e I
BRI RS, R 4 Rz, B
BV AT R D, HR RS e PR,

4 g

AR S RN 45 e PRI A B 1 R i e r A
MR AN AT L JF E IR RS T 2N AL
FREEAT I, L T AR SCK RAY, o,
P T R BRAT H D5~ S (B R Al I 37 Y g 58
WL TRESE bR, SHERIR Y, WAYESE; AT
LORMHUH TR B U0 T, SCK AR e 45
RZAENYISUT T %, BRILLANEREg 2 A T
IR RS I Bt 2 I D) B T 58, T LSEBLR S
A ARV SN D TS OL T, SCK AR
bR T RENE 2 B A DI g A, IR REE HIAT
VIR FATLHS )77 %6 SCK B RERE WD 465 Hh 5 T
PIGAg s g N R RIS . SR b, A
SCAR HY AR R PR F /s D) D e AR BE A AR A
i A2 A K IF RS AT R A L RRER T &
gz A, S RIT S IER e R A 2 1A R
EULER SRINE R

S 30k

[1] Billinton R, Wangdee W. Reliability-based transmission
reinforcement planning associated with large-scale wind
farms[J]. |EEE Transactions on Power Systems, 2009,
2007, 22(1): 34-41.

[2] Silva | J, Rider M J, Romero R, et al. Transmission
network expansion planning considering uncertainty in
demand[J]. IEEE Transactions on Power Systems, 2006,
21(4): 1565-1573.

[3] Yang N, Wen F A. Chance constrained programming
approach to transmission system expansion planning
[J]. Electric Power Systems Research, 2005, 75(2-3):
171-177.

[4] Carrion M, Arroyo J M, Alguacil N. Vulnerability-
constrained transmission expansion planning:a stochastic
programming approach[J]. IEEE Transactions on Power
Systems, 2007, 22(4): 1436-1445.

[5] Yu H, Chung C Y, Wong K P. A chance constrained
transmission network expansion planning method with
consideration of load and wind farm uncertainties
[J]. IEEE Transactions on Power Systems, 2009, 24(3):
1568-1576.

[6] g, b, EM. IR AR LR



%5 34 1

WSS L R T 2% 8 XU B 7 3 W) e D D) e ST T 27

PRI I]. L C AR 224, 2004, 24(11):

35-39.

Gao Ciwei, Cheng Haozhong, Wang Xu. Electric power
network flexible planning model based on the probability
of scene occurrence[J]. Proceedings of the CSEE, 2004,
24(11): 35-39(in Chinese).

[7]1 JunH Z,Zhao Y D, Lindsay P, et al. Flexible transmission
expansion planning with uncertainties in an electricity
market[J]. IEEE Transactions on Power Systems, 2009,
24(1): 479-488.

[8] Wang Zian, Alvarado F L. Interval arithmetic in power
flow analysis[J]. IEEE Transactions on Power Systems,
1992, 7(3): 1341-1349.

[O1 uCMs, FEvG, JEN. R X 8] f /s ) A7 e )
WHEINED]. T EHLCRR 24, 2008, 28(22): 41-46.
Wu Peng, Cheng Haozhong, Qu Gang. Algorithm to solve
interval minimum load cutting problem for transmission
planning[J]. Proceedings of the CSEE, 2008, 28(22):
41-46(in Chinese).

[10] Peng W, Haozhong C, Jie X. The interval minimum load
cutting problem in the process of transmission network
expansion planning considering uncertainty in demand
[J]. IEEE Transactions on Power Systems, 2008, 23(3):
1497-1506.

[11] Aeifpude, RIS, oK. RS Bodb AT i Rl v
VEINAR]. T E LR AR, 2000, 20(8): 74-78.
Zhu Haifeng, Cheng Haozhong, Zhang Yan. Power flow
analysis of electric power networks flexible planning by
means of unascertained number[J]. Proceedings of the
CSEE, 2000, 20(8): 74-78(in Chinese).

[12] *RhAs, okeE, TMIE, fE. B RZGMRIM]. bR
[ Ly AL, 2008 144-159.

Cheng Haozhong, Zhang Yan, Yan Zheng, etal. Power
system planning[M]. Beijing: China Electric Power Press,
2008: 114-159(in Chinese).

[13] AL, RIS, MR, BT 1B AR BRI R
MRNTAEDR]. hE LR 24, 2006, 26(12): 16-20.
Jin  Huazheng , Cheng Haozhong ,  Yang
Xiaomei. Transmission network flexible planning based
on connection number model[J]. Proceedings of the
CSEE, 2006, 26(12): 16-20(in Chinese).

[14] FRVEHT, B . r R R AR (R S Sk 0].

AT A2 244k, 1995, 29(3): 20-25.
Zhang Hongming, Liao Peihong. A grey optimization
model of transmission network expansion[J]. Journal of
Shanghai Jiaotong University, 1995, 29(3): 20-25(in
Chinese).

[15] Huazheng J, Haozhong C. Flexible transmission network
planning using the connection number[J]. European
Transactions on Electrical Power, 2008, 18(3): 313-325.

[16] &HefiE, FHiGE, SHUR. T XM B
BR[N], P E AL TR ER, 2005, 25(3): 7-13.
Jin Huazheng, Cheng Haozhong, Zeng Dejun. A novel
method of flexible transmission network planning based
on set pair analysis[J]. Proceedings of the CSEE, 2005,
25(3): 7-13(in Chinese).

[17] Soyster A L. Convex programming with set-inclusive
constraints and applications to inexact linear programming
[J]. Operations Research, 1973, 21(5): 1154-1157.

[18] Ben-Tal A, Nemirovski A. Robust optimization of
uncertain linear programs[J] . Operations Research
Letters, 1999, 25(1): 1-13.

[19] Ben-Tal A, Nemirovski A. Robust solutions of linear
programming problems contaminated with uncertain
data[J]. Mathematical Programming, 2000, 88(3):
411-424.

[20] Bertsimasl D, Sim M. The price of robust[J]. Operations
Research, 2004, 52(1): 35-53.

[21] Kang S C. Robust linear optimization using distributional
information[D]. Boston: Boston University, 2008.
[22] Hoeffding W . Probability inequalities for sums of
bounded random variables[J]. Journal of the American

Statistical Association, 1963, 58(301): 13-30.

[23] Ui R LA R HE T SV ). b stk
b T 28 Be244, 2008, 16(1): 54-56.

You Xu. The generalizations and applications of several
inequalities in probabilistic theory[J]. Journal of Beijing
Institute of Petro-chemical Technology, 2008, 16(1):
54-56(in Chinese).

[24] Romero R, Monticelli A, Garcia A, et al. Test systems and
mathematical models for transmission network expansion
planning[J]. IEE Proceedings: Generation, Transmission
and Distribution, 2002, 148(5): 482-488.

Weks HEA: 2011-07-23.

EEE N

FRME(1983), 55, -Lasid, B
YW RGN BT HE,
Ychen_hust@163.com;

XENF(1970), T, HER, WLAES
UTE, TifF 5 Aek A K H KL e A e 45
il e REE T MY L T g AT R g

(RfESRIE X&)



