satisfied all the secutity limits of the transmission
lines.

8. CONCLUSIONS

For on-line implementation of the Optimal Load
Flow problem,fast execution times and minimum computer
storage are required. This paper has presented and eva-
luated an efficient methodology for solving the OLF
problem. The proposed methodology decomposes the OLF
problem into a real and a reactive subproblem, by ex-
ploiting the decoupling characteristic between network
voltages and phase angles. The real and reactive sub-
problems are solved alternately until they converge.

Quadratic or linear programming is utilized to solve
the two subproblems. If the cost curve of each genera-
tor is approximated as quadratic function then the cost
function of the OLF problem is in quadratic form and
quadratic programming is applied for the solution. If
the effect of valve point loading is to be examined the
cost function of the OLF problem becomes linear and
linear programming is applied. Results obtained by the
application of the Decoupled Optimal Load Flow algorithm
to a 9 bus system and a 27 bus systemhave been present-
ed. Application of the proposed algorithm resulted in
reduction of fuel cost and system losses. Convergence
was succeeded in two or three iterations for all test
cases considered.

At each iteration of the methodology the non-linear
constraints of the problem are transformed to linear
constraints by utilizing Z-matrix techniques sensitivity
analysis and Generalized Generation Distribution Factors.
The methodology for linearizing the non-linear constraints
has been very effective. Generalized Generation Distri-
bution Factors offer an accurate method for expressing
the line flows as linear functions of the generator real
outputs. Sensitivity analysis has been utilized success
fully to linearize the reactive outputs of the genera-
tors and the voltage magnitudes of the load buses. Cal-
culation of the system losses based on the equivalent
bus impedance matrix if very accurate. It was proven
that, using sparsity techniques, the work required to
obtain the loss formula is minimal and it is well suited
for large scale systems.
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Discussion

J. Nanda, D. P. Kothari, K. S. Lingamurthy, and S. C. Srivastava (In-

dian Institute of Technology, Delhi, New Delhi, India): We wish to com-

mend the authors for their valuable contribution in providing new

decoupled optimal load flow model for on-line implementation. However,

we would like to seek the authors’ clarification on the following points.

1) In the reactive power subproblem, the authors have used the fuel
cost of slack generation as the objective function. How does this com-
pare with regard to convergence properties, when the objective func-
tion is the slack power generation itself as used by several resear-
chers e.g., (Ref. 2 of the Paper)?

2) We would like to know which of the QP methods has been used by
the authors and would appreciate the authors’ comments on the ef-
fectiveness of the method used from the viewpoint of memory,
reliability and processing time.

3a) The control vector as defined in the paper consists of the real power
outputs and voltage magnitudes of the generator buses. There ap-
pears to be a mistake in defining the state vector as it includes also
generator bus voltage magnitudes. Please clarify this.

b) N and NG both have been used for the number of generator buses.
But N has also been used on the first page for total number of buses.

4) In Fig. 3 circle 3 is not defined. Please clarify.

5) It would be appreciated if the authors could provide the values of
the tolerances (¢) used for the convergence of the subproblems and
the comparison of computer time and memory requirements by LP
and QP methods.

Once again we congratulate the authors for their very interesting paper.

Manuscript received August 8, 1985.

G. C. Contaxis, C. Delkis and G. Korres; We would like to thank the
discussers for their interest in our paper and raising a number of impor-
tant questions related to our paper. The issues raised by the discussers
are briefly discussed below.

1) In the reactive power subproblem we have exactly the same results
and convergence properties by using either the fuel cost of slack
generation or the slack power generation itself as objective function,
in the case of quadratic cost function. In the case of piecewise linear
cost function we use the slack power generation itself as objective
function.

2) We have used the QP and LP package of Land and Powell, based
on Beales” method for quadratic programming and the Revised
Simplex method for linear programming. The method uses sparsity
techniques and it is very effective from the viewpoint of memory,
computing time and accuracy.

3a) The state vector includes the phase angles of all the buses in the system
and the voltage magnitudes of the load buses.

4) In Fig. 3 after the circle 3 we compare the difference PG,(1)-PG,(2)
with respect to a tolerance, to see if the constrained optimization
converged. If not we proceed with the real subproblem.

5) We have used a tolerance of e= 0.001 pu for all the cases. In the
case of piecewise linear cost function (LP method) the computer time
and memory requirements are slightly increased, because more con-
straints and variables are introduced.

Manuscript received September 9, 1985.



