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Security Constrained Optimal Power Flow by Hybrid Algorithms

NI UM I | B SR P R I R I
(Kyu-Ho Kim - Sang-Bong Rhee : Jae-Gyu Lee - Seok-Ku You)

Abstract - This paper presents a hybrid algorithm for solving optimal power flow(OPF) in order to enhance a system's
capability to cope with outages, which is based on combined application of evolutionary computation and local search
method.

The efficient algorithm combining main advantages of two methods is as follows : Firstly, evolutionary computation is
used to perform global exploitation among a population. This gives a good initial point of conventional method. Then,
local methods are used to perform local exploitation. The hybrid approach often outperforms either method operating
alone and reduces the total computation time.

The objective function of the security constrained OPF is the minimization of generation fuel costs and real power
losses. The resulting optimal operating point has to be feasible after outages such as any single line outage(respect of
voltage magnitude, reactive power generation and power flow limits). In OPF considering security, the outages are
selected by contingency ranking method{(contingency screening model).

The method proposed is applied to IEEE 30 buses system to show its effectiveness.

Key Words : #HAdEZF(Optimal Power Flow), ¢rAT A (Security Constraint), % 3}# &% (Evolutionary
Programming), X% 227 8¥(Sequential Quadratic Programming), T3 % & & 4(Multi-Objective
Function), 3telE el &8l F(Hybrid Algorithms)
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Table 4.1 Generator fuel cost coefficients

Bus Fuel Cost Coefficients

No. a b o
1 0.00 2.00 0.00375
2 0.00 1.75 0.01750
5 0.00 1.00 0.06250
8 0.00 3.25 0.00834
11 0.00 3.00 0.02500
13 0.00 3.00 0.02500
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Table 4.2 Comparison of generator real power output

Real min max || Base :
oty | P& PE=| Bae 1 Ep | sap | Hybrid
P | 95 | 190 | 1390 | 1036 | 1036 | 1036
¢ A8 | A8 | (89 | 185
Pee | 40 | 85 | 5756 | 850 | 850 85.0
Pes | 15 | 70 | 2456 | 28377 | 28408 | 28383
Pes | 10 | 35 | 350 | 34999 | 34999 | 34.999
Por | 10 | 35 | 1793 | 2108t | 21188 | 21111
Pos | 12 | 40 | 1691 | 15966 | 15858 | 15.943
Generation Fuel 762.824 | 740215 | 740.268 | 740.234
Costl$] (764.857) |(741 517)| (741 572) | (741.537)

75305 | 56512 | 56503 | 5.6487

MW
Real Power LossM] | 0003 | (6.1200) | (6.1196) | ©.1176)
(): A% 2UoMo RENHEY wHAEH U SENULA

Table 4.3 Comparison of generator reactive power output

Reactive )
Gen. | Q@™ Q& Base Case EP SQP Hybrid
[MVAR]
Qo | 20| 60 [-13.1(-13.2)|-3.0(-3.0)|-2.9(-3.0){ ~2.9(-3.0)
Qe | -20 | 60 || 24.4(24.7) |12.9(13.1)[13.3(13.6)| 13.3(13.5)
Qos | -15 [ 625 24.6(24.7) |247(24.8)|24.5(24.6)|24.5(24.6)
Qe | -5 | 10 23(3.1)  19.4(10.0) | 9.4(10.0) | 9.4(10.0)
Qon | =10 | 30 || 31.7(318) |12.2(12.3)|28.0(28.1)|23.0(23.1)
Qois | 15| 30 | 33.9(34.1) |105(106)| 626.3) | 6.3(6.4)
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Table 4.4 Comparison of reactive power control
variables[100 Base MVA]

e an | B | e | s | hene
Va 1.0500 107168 | 1.07182 1.07216
Va2 1.0400 1.06178 1.06217 1.06241
Vas 1.0100 1.03434 1.03481 1.03506
Vas 1.0100 1.03473 1.03562 1.03589
Van 1.0500 1.06671 1.09967 1.08854
Vaia 1.0500 1.06360 1.05770 1.05803
T, 1.0780 1.02688 1.04718 1.04505
T 1.0690 1.04473 1.00676 1.01796
Ta 1.0320 0.98526 | 0.97620 | 097633
Ty 1.0680 096412 | 0.96534 | 0.96535
Qcio 0.1900 0.37504 | 027131 0.31542
Qczs 0.0400 0.11582 | 0.11592 | 0.11588
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Table 4.5 Comparison of bus voltage magnitude for pre and post contingency (outage Line 38, Bus 27-30)

Pre-Contingency Post-Contingency
Bus Voltage
Magnitude[p.u.]
Base Case EP SQP Hybrid Base Case EP SQP Hybrid
Vis 0.9669 1.0280 1.0279 1.0281 0.9665 1.0277 1.0276 1.0278
Vig 0.9623 1.0267 1.0267 1,0269 0.9619 1.0264 1.0264 1.0266
Voo 0.9657 1.0314 1.0314 1.0317 0.9652 1.0311 1.0311 1.0314
Vas 09372 1.0400 1.0398 1.0400 09340 1.0379 1.0377 1.03680
Vas 09179 1.0227 1.0225 1.0228 09147 1.0206 1.0204 1.0206
Var 09377 1.0500 1.0497 1.0500 0.9335 1.0472 1.0469 1.0472
Vag 09158 1.0307 1.0304 1.0307 08818 1.0031 1.0027 1.0030
Vo 09031 1.0196 1.0192 1.0195 08398 0.9668 0.9665 0.9668
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