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Optimal Reactive Power Planning Using Decomposition Method
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Abstract- This paper presents an efficient algorithm for the reactive power planning of
transmission network under normal operating conditions. The optimal operation of a power
system is a prerequisite to obtain the optimal investment planning. The operation prob-
lem is decomposed into a P-optimization module and a Q-ontimization module, but both
modules use the same objective function of generation cost. In the investment problem, a
new variable decomposition technique is adopted which can eparate the operation and the
investment variables. The optimization problem is solved by using the gradient projection
method (GPM).
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Table 1 Efficiency Test for the 14-bus system for peak load
Variables | Limits First Year Second Year Third Year
Lower Upper | Initial state Final state Initial state | Final state | Initial state | Final state
P{MW] 0.0 266 196.6 98.8 218.0 109.8 241.6 122.5
PlMW] 0.0 67 40.0 34.6 44.0 37.9 48.4 1
Pi[MW] 0.0 78 30.0 77.8 33.0 77.8 36.3 77.8
P[MW] 0.0 89 20.0 48.4 22.0 56.7 24.2 66.4
PMWw] 0.0 67 30.0 49.6 33.0 58.5 36.6 66.7
Q\[MVAR] —50 200 ~16.2 35.6 ~7.5 40.5 111.2 34.2
Q[MVAR] —40 50 42.6 -15.5 50.0 1 —15.5 50.0 ~15.0
Qs[MVAR] 0.0 40 40.0 11.4 40.0 L1109 40.0 12.3
Qd[MVAKR] |—6.0 50 50.0 35.7 50.0 ; 37.2 50.0 35.5
QslMVAR] |-6.0 50 19.6 8.4 25.8 2.9 33.9 19.7
vi{p, ul 0.95 1.05 1.01/0.0° 1.04/0.0 1.01/0.0° 1.04/0.0° 1.01/0.0° 1.04/0.0°
valp, ul 0.95 1.05 1.01/--4.6" | 1.01/-1.70 1.00/=5.0° | 1.01/—-1.9°}{ 0.99/—5.5"] 1.02/-2.2
L valp, ul 0.95 1.05 0.99/--11.0°| 1.00/—4.0° 0.97/-12.3"] 0.99/—4.8"| 0.96/—13.6" | 0.99/—35.8
. ul 0.95 1.05| 0.97/-9.5 | 1.00/-4.57|  0.96/-10.67 1.00/-4.9"| 0.94/-11.7 | 1.00/~5.6
sl u) 0.95  1.05 0.97/—8.6" | 1.00/-4.2°| 0.96/—9.4" | 1.00/—4.5]0.94/-10.4"| 1.01/-5.0°
velp, ul 0.95 1.05| 0.98/-14.7| 1.03/-6.5| 0.96/—16.4"1 1.03/—6.7} 0.93/—18.4°| 1.04/-6.8
vap, ul 0.95  1.05 0.97/--11.1°| 0.99/-3.8| 0.96/-12.4°| 0.99/—3.8]0.94/-13.8° | 1.01/—4.1
vs(p, ul 0.95  1.05 1.00/--8.0° | 1.00/1.2 1.00/~8.9° | 0.99/2.3 1.00/--9.9°| 1.04/2.3
volp, ul 0.95 1.05 0.45/-14.0°| 0.99/-6.6"| 0.93/—15.7"| 0.99/—6.97 0.91/-17.6" | 1.01/7.5
volp, u] 0.95  1.05 0.93/-15.2°| 0.98/~7.7| 0.91/-17.0'| 0.99/—8.3°]0.89/—-19.2° | 1.01/-8.9'
vulp, ul 0.95  1.05 0.93/--15.9"| 0.99/—-8.1°| 0.91/=17.8" 1.00/—8.9°| 0.88/-20.1"| 1.02/—9.6
vielp, ul 0.95  1.05 0.93/--16.3| 0.99/— 0.91/-18.2" 0.99/—8.4"| 0.88/—20.5 | 0.99/~8.7°
vislp, u] 0.95  1.05 0.95/--15.7°| 1.02/-8.0°| 0.93/~17.6"] 1.01/—8.2°| 0.90/—19. 8“ 1.01/-8.3
vulp, ul 0.95 1.05 0.93/--15.6"| 0.98/-8.0°| 0.91/—17.5"| 0.98/— 0.88/-19.7° | 0.99/—8.7
System
Loss(MW | 11.60 4.12 14.26 4.94 17.70 5.89
Generation e 685. 067 +0.532 672.687+1.247  17.7 775.416+0.988
Cost[$/h7] 723.963 =585.599 849.246 =673.934 998.574 =776.404
¥ 2 4-EAAE 1A s 71ERE
Table 2 Basic Load in the 14-Bus System of the first year
Bus Generation Load Bus Generation Load
Number | P(MW) |QIMVAR)| P(MW) |Q(MVAR)|| Number | P(MW) |[Q(MVAR)| P(MW: |Q(MVAR)
1 0.0 0.0 0.0 0.0 8 30.0 17.40 0.0 0.0
2 40.0 424 21.7 127 9 0.0 0.0 205 10.6
3 30.0 23.4 94.2 19.0 10 0.0 0.0 20.0 10.8
4 478 -39 11 0.0 0.0 20.5 10.8
5 276 116 12 0.0 0.0 20.1 10.6
6 20.0 122 112 75 13 0.0 0.0 10.5 58
7 14 0.0 0.0 10.9 5.0
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Table 3 Coefficient of fuel cost

Bus Numbet] A B ! c
1 0.0 1.750 0.0175
2 0.0 1.00 0.0625
3 0.0 3.25 0.00834
6 0.0 3.0 0.025
8 0.0 3.0 0.025
B 410 2AA59 1hdse] Faulssa

Table 4 The planning cost convergence character-
istics for the first year’s load of the IEEE
14- Bus system

Iteration | Operation |Investmtent| Total cost
No Cost cost ($/hr)
($/hr) ($/hr)
1 820.332 3.852 824.184
2 820.219 0.074 820.293
3 819.004 1.343 820.347
4 820.290 0.436 820.727
5 820.311 0.621 820.932
6 820.263 0.532 820.795
E OS5 olvw aAe 4w A
Table 5 Distribution of New Reactive Power
Compensation
Seheduled New Reactive Power
Bus Compensation [MVAR]
Number' Year 1 2 3 Total
10 7.3 42.3 10.5 60.1
n 29 179 175 383
13 o 16.6 0 190 356
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