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Applications of System Loss Sensitivity Index to Power Systems
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(Sang-Joong Lee)

Abstract - In this paper, the system loss sensitivity index that implies the incremental system loss with respect
to the change of bus power is derived using optimization technique. The index A reaches © at critical loading
point and can be applied to actual power systems for following purposes. 1)Evaluation of system voltage stability
2)Optimal investment of reactive power focused on minimizing system loss and maximizing system voltage
stability 3)Optimal re-location of reactive power focused on minimizing system loss and maximizing system
voltage stability 4)Optimal load shedding in case of severe system contingency focused on minimizing system loss

and maximizing system voltage stability

Case studies for each application have proved their effectiveness.
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. optimization technique, system loss sensitivity index, voltage collapse proximity indicator,
reactive power investment, load shedding
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Table 1 Line parameters.
from | to G B Line Charging

1 2 | 140056 | -560224 | o oo
1 5 | 2.81647 | -7.48352

Bus 2 0.01800
2 3 | 2.45000 | -5.87000

Bus 3 0.08200
2 4 | 3.05000 | -4.45170

Bus 4 0.03575
2 5 | 313000 | -200335 | s ooRl
3 4 | 3.70000 | -3.73000 us :
3 5 |1.12085 | -4.47675
4 5 | 205362 | -4.16883

¥ 2 base case =FAHAtd
Table 2 Result of power flow computation for base

case
bus P Q \'% 8 Ap Aa
1 1.351 457 1.02 0.000
2 |-11 ~.246 962 | -.092 | 073 | .024
3 1.2 440 1.02 -.032
4 -.408 | -.175 953 | -.081 | .089 | .036
5 -.950 | -.450 960 | -.078 | .062 | .031
Pross = 093 Qross = 025 AVP = 959
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Fig. 2 System loss variation along the system load
increase
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Fig. 3 Voltage variation of load buses along the system
load increase
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Table 3 Result of power flow computation for base

case

bus P Q \ 6 A
1 6.014 2.46 1.04 0.0
2 12680  |-06 0.833 -0.481 -.307
3 11 2.783 1.02 -0.489
4 -0.950  [-0.407 0.825  [-0.498 -.339
5 12320 |11 0.817  0.401 =347

Pross = 1.164 AVP = 0.8254

k3 4 M % AQXlEO 28 £Xga v|W
Table 4 Comparison of two types of MVAR investment

;E(\jfz)s(tment SCZ: 51C64 +pSuC5 Pross| Quoss| Ve, Vi, Vs| AVP
SC, = 0.5072 Vo = 0.9018
A SCs = 0.2511]0.8286 (2.2433 |V, = 0.8936/0.9007
SCs = 0.8441 Vs = 0.9023
SC; = 0.4421 V2 = 09
voltage SC4 = 0.3794|0.8300 {2.2531 | v4 = 0.9 [0.9000
SCs = 0.7810 Vs = 09
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Fig. 6 New load shedding algorithm based on Aswep
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Table 5 Line parameters

from | to G(p.u.) B(p.u.) line charging
1 2 1.40056 -5.60224
1 5 |1.84118 |-7.48352

Bus 1 0.03600
2 3 |1.84118 -7.48352

Bus 2 0.01800
2 4 0.00000 0.00000

Bus 3 0.08200
2 5 0.00000 0.00000

Bus 4 0.03575
3 4 1070028 |-2.80112

Bus 5 0.03575
3 5 [1.12985 -4.47675
4 5 10.93372 -3.73483
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Table 6 Comparison of load shedding result by Asken
index with by bus voltage information

base case | Load shedding |Load shedding
before-shedding| by Volt index | by A index

et 3 Aswep XIEOI o8 g3kt Aol

shed bus4 0 bus4 .043+j.018
buses busb .25+j.021 |busb .204+j.017
Pross 0.9782 0.8115 0.8082
AVP 0.8083 0.8356 0.8366

V, 0.9377 0.9422 0.9424

Vi 0.7851 0.8077 0.8147

Vs 0.7745 0.8075 0.8078
Pg,Qq | 6.0032+)2.6692 5.5865+)2.262 5.5849+j2.2607
P;,Q: |-1.15 -j0.6 -1.15 -j0.6 -1.15 -j06
Pe, Qe | 1.1 +32.3713 1.1 +j2.079 11 +j2.0529
Py,Qs |-0.7 -j03 -0.7 -303 -0.6563-j0.2813
Ps,Qs |-4.275 -j0.3717 [-4.0250-70.350 [-4.0704-;0.3540
Pes,Qes | 35 +1.05 0 0
ASHED? 0.2919 0.2365 0.2350
ASHED4 0.8274 0.6262 0.6077
ASHEDS 0.8408 0.6083 0.6077
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