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ABSTRACT

This thesis presents the results of the investigation on
certain important aspects of optimal distribution system planning.
The problems considered ars
(a) distribution system parameter optimization,

(b) optimal grading of conductor cross—sections for radial distri-
bution feeders,

(c) optimal sizing and siting of substations and network routing
for a specific distribution system, and

(d) optimal choice of fixed and/or switched on-line shunt capaci-

tors along the radial distributors.

The main contributioms of this investigation include

(1) development of new concepts for modelling non-uniform loading
in a distribution system,

(ii) formulation of mathematical models considering growth factors
for the various distribution system components, costs and
problems,

(iii) development of simple solution methods and procedures for
solving the above problems subject to voltage drop/rise and
network constraints, and

(iv) development of simple planning aids for the practicing

sngineers.

The effect of grouth factors such as growth in load factor and

increase in cost of energy with time is incorporated in the
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parameter optimization problem and a two leruel optimization techhique
is suggested for its solution. Simple planning aids in the form of
nomograms are also developed for obtaining the fesder pouwer losses,
substation feed-areas and the feeder main longths, to serve the
practicing eongineer as ready reckoners fo: his regular system
expansion planning. The affect of & variation in the systom cost
components on the optimal distribution system parameters is demon-
strated fhrough the results of a system study using the proposed
method. The conductor gradation problem is studied considering ths
offect of growth factors and the feeder voltage drop constraint
using two direct search solution techniques, namely the dynamic
programming (DP) and the method of loczl variations (MLV). Results
are presented to clearly demonstrate the effacts of growth factors
on optimal conductor grading. Nomograms are also deveclop=zd for
obtaining readily the optimal conductor gradation of a given radial
distribution feedor. The optimal sizing and siting of substations
and network routing problem.is formulated as a Qadretic Mixed
Integer Programming (QMIP) problem. The solution to this QMIP
problem is obtained in two stages using, in the first stage, the
procedure developed by Wolfe for solving quadratic programming pro-
blems. In the second stage, an integerizétion procedure is adopted
for obtaining ths inteqger values of the integer variables associatgd
with the substation locationsand feeder branch slemants. The opti-
mization procedure suggested, here, is very effective in obtaining
the optimal network solutions without the need for linearizing the

non-linear loss cost functions. The optimal capacitor allocation
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problem is studied considering the effect of growth factors and the
constraint on the naodal voltage rise during off-peak hours due to
over-compensation of fixed shunt capacitaor banks along the feeder
mains. The solution to the problem is obtained using the DP and
the MLU. The effect of growth factors and the influance of the
cost of capacity release in the feeders on the optimal allocation
of fixed and switched shunt capacitors are clearly demonstrated

through the results of the sample systems studied.
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