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ABSTRACT

The aim of this work is to offer a voltage control
strategy for distribution networks that experience
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While a reduction in voltage would reduce the current
consumed by constant impedance loads such as lighting
and heating elements and in turn reduce the losses on

voltage unbalance due to single phase and unbalanced the networka persistent low voltage could increase the

loads and voltage rise due thigh penetration of
Distributed Generation units.The objectives are
minimization of voltage imbalance on each node and
total powerlosses on the entineetwork. The control of
node voltages byDistributed Generation units has
potential toclash with themore traditional method of
voltage control adopted byDistribution Network
Operatorsnamely, tap changing voltage regulators and
shunt capacitos. We look at a coordinated method of
voltage control that solves themulti-objective
optimization problem of vitage profile improvement
and power loss reductionusing a Pareto optimal and
elitist evolutionary optimization algorithm calledon
dominated Sorting Genetic Algorithm [l (NSERN The
study system is the IEEE 123 hlistributiontest feeder
which is hghly unbalanced and includes most of the
elements of a real netwark

INTRODUCTION

effort on heating coils to heaivater and thereby
increase the effective load for longer durations of the
day. Constant power devices such as motors would
draw more current and may even stall resulting in an
exponential increase in load current and thereby
damaging the motor. Hence Conservative Voltage
Reduction (CVR) needs to be carefully employed for
achieving load reduction only in peak times and for a
short duration. On the other hand, high voltages at the
consumer end could have adverse impact on the
operation of loads such as motors and could cause
permanent damage. Furthermore, the voltage unbalance
across the phases results in high neutral currents and
could cause further damage to equipments. Therefore a
constant, optimal and balanced voltage profile is
needed. The presence of varying loads, long feeders,
and Distributed Generation (DG) unitsnake this a
challenge. Phase balancing is emptbye alleviate this
issue [3. However, such tools rarely operat@
isolation. One of the other tools is capacitor switching,

Distribution systems worldwide have been undergoing which is mainly to bring the voltage at the load end to
rapid changes in the way they are operated and managedthe required standards. To achieve unify @t the load

on a minuteby-minute basis. Distribution Network
Operators (DNOsgre responsible for delivering power
to the consumer doorstep in an efficient, cost effective
and reliable manner. The quality of power delivered
should also adhere to strict efficiency meassesh as
voltage being within gorescribed range of the rated

end, DNOs employ either fixed or switched capacitors
that are centrally contratl via a master program or
locally through voltageyYAR sensors.

The ways in which the RO controls the voltages
across the network is via

value and the power factor being as close as possible to ASubstation Transformerap Changing (OLTC)

unity. Any sustained deviations in the voltage levels at
the customer point would not only be detrimental for
various appliances butvould also have undesired
effects br the network in the lonterm.

Active management of distribution systems involves
maintaining a good voltage profile across the network,
while simultaneously minimizing the losses in the
network. Additionally, the power factor at each node
should be kpt as close to unity as possible. This is done
by supplying reactive power closer to the load, which is
done by O5s and capacitorfl]. Reactive power and
voltage are closely related, as are real power and
frequency. Hence by injecting reactive power ithe
system, especially at the point of consumption, voltage
can be maintained.
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Avoltage regulator tap changes across the feeders
AShunt capacitoswitching

AReactive power control at DG nodes

ANetwork reconfiguration

APhaseshifting and shedding of loads

A combination of some of the above approaches is used
to alleviate voltage issues. They depend on the cost of
employing that strategy in terms of time, effort and
money. For examplan effectivestrategy is to employ
tap changing along with capacitor setitng to get the
desired voltage profilesOn the other hand, reactive
control via DG units could pw significant stress on the
tap changing units leading to a fall in the generator bus
voltage B]. Therefore lere is a need fax coordinated
approach teolving the voltage control problem.
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MULTI -OBJECTIVE FORMULATIO N .
The objectives are to minimize the voltage unbalance on " Bn YOoal B « «0 @0 @
each node and to simultaneously reduce the patader N
where,

losses on the entire network. The quality of voltage can
be measured using vatisindices. For example, ir2] a
voltage deviation index was used that measured the
deviation both from the minimum and maximum
specified values, weighted by power injections at the
nodes. In[4], voltage unbalance was tackled as a
constraint set withirthe limits of O 3%. Some of the
optimization problems also consider the voltage
unbalance indices over 48 halburly periods. In this
study our primary focus is thetal of maximumphase
unbalance across all the nodes at a specifichualf
time period. The voltage limits are tackled as
constraints. This allows the objective function to be
precise and simplerhe other constraints are the power
limits of the DGunits and power balance equations of
injected power at each nadEhe decision variables are
the tap positions oY oltage Reguators (VR), status of
Capacitors (CP), and the optimal reactive power
generated by the DG units.

The optimal reactive schedule is such that the voltage
rise caused by the active generated power is minimised
and is applicable over a range of load val#sOn the
other hand the optimal set of solutions for the tap
positions and capacitor status also tdbuote to the
optimization pra@ess This solution set is deriveldalf-
hourly and is extendible for the entire load profile over
48 half hours. The outcome of this method is that the
system operator is provided with an optimal set of tap
positions of voltge regulators, statuand switchable
capacitiesfor shunt capacitors in conjunction with a
control strategy for the reactive power generated
through DG sources The result is a combination of
traditional DNO voltage control and reactive power
control straggy for mitigating voltage rise

Obijectives:
The Multi-objective Optimization Problem (MOP) to be
solved is:
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which is the total Voltage Unbalance Index of the
system. The unbalance at each node is given by:
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The totalPowerLossacross the system:is
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® is the voltagand'O is the current injected at node
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where "Y and"Y arethetotal generated and load powers at
nodei, and ¢ is the impedance of the lin® "Q This

constraint isautomatically satisfiedn running theower flow
algorithm

METHODOLOGY

Multi-objective Optimization Evolutionary Algorithms
(MOEAS) offer tools for solving such highly ndimear

and complex optimization problems in order to arrive at
a set of optimal solutions. MOEAs are population based
and hence consider all possible sioog
simultaneously. The solution evolves in a sense that the
information from the parent solutions is mixed and
passed on to the offspring. The a@msolvinga MOP is

to obtain a set of alternate solutions that are Pareto
optimal. A general methodologyif genetic algorithms

is shown inFig. 1. Pareto optimality refers to the
conditionreachedvhere a bettersolutionin the solution
setto a MOPcannot be achieved withodetriment to at
least one of the other solutions in the shion
dominated Sorting énetic Algorithm 1l (NSGAII) is

one such elitist approach that provides the Pareto
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