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A New Calculation of Generator Penalty Factors
through Transposition of System Angle Reference

% iy h*
(Lee, Sang-Jjoong)

Abstract - In this paper, a new method for calculating the penalty factors of all generators including the slack bus is
presented. A simple transposition of the angle reference, from the conventional slack bus to another bus where no generation
exists, enables the derivation of the loss sensitivity of the slack bus. Penalty factors are obtained without any physical
assumption through a simple substitution of the bus loss sensitivities. Penalty factors calculated by proposed method are not
dependent on reference bus and can also be directly substituted into the general ELD equation for computing the optimal
dispatch, Equations for loss sensitivities, penalty factors and ELD are calculated simultaneously in normal power flow
computation. A case study on a test system has proved the effectiveness of the proposed 'angle reference transposition’

method.
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Fig 1 Single line diagram of 4 bus system
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Table 1 Line and bus data (pu) of 4 bus system

from{ to R X Shunt Y
1 4 00744 .0372 0.0775
1 3 .01008 .0504 0.1025
2 3 .00744 0372 0.0775
2 4 01272 .0636 0.1275
E:d 2 EI=J{AL do
Table 2 base case power-flow solution
bus P(p.u.) Q(p.u) V(p.u) angle(rad)
1 1.913152 1.87224 1.0 0
2 3.18 1.32543 1.0 .0426
3 -2.20 -1.3634 96051 -0188
4 -2.80 -1.7352 94304 -.0458
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Table 3 Companson of ELD results by proposed ‘angle

reference transposition method' with by traditional methods

B Proposed Existing
method method Jacobi-method
total cost 4557 .51 455731 4557 31
($/hour)
system Lambda 9.839863 9.672609 9.672609
($/MWHh)
Poi  (MW) 190.2204 195.9367 195,9367
Poz (MWD 319.1015 313,2978 313.2978
Transmission 9.32192 9.23449 9.23449
loss  (MW)
3P’ 3 P 032328 010867 -
3P’ 3 Poz 038261 027392 -
Penalty factor 1.03341 1.010987 a.0
PRy
Penalty factor 1.03978 1028163 1.01699
F2
Incremental Cost 9.521763 9.567493 9.567493
dft/dPg,
Incremental Cost 9,463374 9.407659 9.407659
df2/dPg.
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Table A1 base case power-flow solution for 82=0
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Table A2 base case power-flow solution for €3=0

bus P(p.u.) Q(p.u) V(p.u.) angle(rad)
1 1.913152 1.87224 1.0 .0188
2 318 1.32543 1.0 0614
3 -2.20 -1.3634 96051 0
4 -2.80 -1.7352 94304 -.0270
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Table A3 base case power-flow solution for 84=0

bus P(p.u) Q(p.u) V(p.u.) angle(rad)
1 1.913152 1.87224 1.0 .0458
2 318 1.32543 1.0 0884
3 -2.20 -1.3634 .96051 0270
4 -2.80 -1.7352 94304 0

bus P(p.u.) Qp.u.) V(p.uw) angle(rad)
1 1.913152 1.87224 Lo -.0426
2 3.18 1.32543 1.0 0
3 =220 -1.3634 96051 -.0614
4 -2.80 -1.7352 94304 -.0884
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