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An Approach to Volt�Var Control in Distribution

Networks with Distributed Generation

T� Niknam���� A�M� Ranjbar��� and A�R� Shirani�

Due to deregulation and restructuring in many countries� it is expected that the amount of small�
scale generations connected to the distribution networks will increase� So� it is necessary that
the impact of these kinds of generators on Volt�Var control should be investigated� This paper
presents a new approach to Volt�Var control in distribution systems with Distributed Generation
�DG�� It has been shown that DG can improve the entire performance of a network system� by
means of better control and decreasing losses� In this approach� the Genetic Algorithm �GA� has
been used as the optimization method� where the amount of DG and its controlling parameters�
the voltage regulators situation� the status of the load tap changers and� �nally� the amount of
switched capacitor� have been assumed as state variables� This method is tested on IEEE �	 bus
radial distribution test feeders and a rural distribution network� The results are presented and it
is shown that in the case of the selection of a correct location for DG� the system losses can be
decreased by up to 
���

INTRODUCTION

After deregulation and restructuring in many coun�
tries� it is expected that the amount of small�scale
generations connected to the distribution networks will
increase� A study by the Electric Power Research
Institute �EPRI� indicates that by ����� �	
 of the
new generation will be distributed and� also� a study by
the Natural Gas Foundation concluded that this �gure
could be as high as ��
 ���

Volt�Var control is one of the important control
schemes at a distribution substation� which conven�
tionally involves the regulation of voltage and reactive
power at a substation bus� The control is achieved by
a Load Tap Changer �LTC�� Voltage Regulators �VR�
and Capacitors�

It is� therefore� necessary that the impact of
DGs on Volt�Var control should be analyzed� Some
Volt�Var control algorithms have been already devel�
oped by researchers �����

This paper presents a new algorithm for Volt�Var
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control in distribution systems with Distributed Gener�
ations �DGs�� The aim of this algorithm is to minimize
electric power loss in distribution networks with control
of DGs� capacitors� voltage regulators and a load tap
changer for daily load variation� A genetic algorithm is
used to minimize the objective function� This paper
considers a model of local controllers� The control
variables in this algorithm are the reactive power of
distributed generators and substation capacitors and
the tap of a load tap changer�

The method is tested on IEEE �� bus radial dis�
tribution test feeders and a rural distribution network�

OBJECTIVE FUNCTION

From a mathematical standpoint� the Volt�Var control
optimization problem is a minimization problem with
inequality constraints� The objective function is a
summation of losses in the distribution system for load
variation� including transformer and line losses� The
value of the objective function is determined from the
power �ow solution�

The objective function is given by the following
equation�

F �x� � minPlossdt� ���

Subject to�
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�� Vimin � Vi � Vimax� i � �� �� � � � � N �

�� Pfmin � Pf � Pfmax�

�� Qgimin � Qgi � Qgimax� i � �� �� � � � � Ng�

�� Timin � Ti � Timax� i � �� �� � � � � Nt�

	� Qcimin � Qci � Qcimax� i � �� �� � � � � Nc�

�� Load �ow equations g�P�Q� V� �� � ��

where�

Vi �bus voltage�
Vimin� Vimax �minimum and maximum voltage

for each bus�
Pf �power factor in substation�
Pfmin and Pfmax�minimum and maximum power

factor in substation�
Ploss �sum of losses in line and

transformers�
Qgi �reactive power for each generator�
Qgimin� Qgimax �minimum and maximum reactive

power for each generator�
Ti �tap for LTC and VRs�
Timin� Timax �minimum and maximum tap

for each transformer and VRs�
Qci �reactive power for each capacitor�
Qcimin� Qcimax �minimum and maximum reactive

power for each capacitor�
dt �duration of time for load variation�
Nt �number of transformers�
Nc �number of capacitors�
Ng �number of generators�

UNBALANCED THREE PHASE POWER
FLOW

In three�phase unbalanced power �ow� the following
components are modeled by their equivalent circuits�
in terms of inductance� capacitance� resistance and
injected current�

a� Distributed Generators� DGs are modeled as con�
stant P and Variable Q�

b� Transformers� Transformers are modeled as equiv�
alent circuits with �ctitious current injections�

c� Capacitors� Capacitors are represented by their
equivalent injected currents�

d� Demands or Loads� System loads are basically
considered asymmetrical� because of single load
and unequal three�phase loads�

In this paper� a network�topology� based on a
three�phase distribution power �ow algorithm� has
been used� Two matrices are used to obtain the
power �ow solution� They are the Bus Injection to
Branch Current �BIBC� and the Branch Current to
Bus Voltage �BCBV� matrices ���

VOLTAGE REGULATOR AND LTC MODEL

Voltage along primary distribution feeders is often con�
trolled by voltage regulators and LTC� These regulators
are autotransformers with individual taps on their
windings� LTC and voltage regulators are modeled as
follows�

Assume the transformer has been connected be�
tween buses M and N and has initial tap ratio �t� and
physical admittance �Y � as shown in Figure �a� This
transformer is described by the � model with indirect
representation of the transformer tap ratio �Figure �b�
by its series and shunt admittances�

When the transformer tap ratio changes from t to
t��t� the transformer model should change� as shown
in Figure �a� Another way to simulate tap position
changes is to modify the model �Figure lb� by adding
�ctitious injection currents� as shown in Figure �b�

In order to make voltage and current in systems a
and b �Figure �� the same� �ctitious injection currents
are calculated as follows�

IM � ��� �t��t��
�

Y �VN �

IN �����t��t��� Y �VM�
�
�t��t����

�
�

Y �VN �
���

METHOD FOR LOCAL CONTROLLER
MODELING

The aim of the local controller modeling is to deter�
mine LTC tap positions and the number of capacitor
banks to be connected� A local controller changes
tap positions or the number of capacitor banks in
such a way that the desired setting becomes equal to
the corresponding parameter within the range of the
bandwidth� The parameter value is measured directly
or calculated� based on the real�time measurements�

���Setting�Vmeas� Imeas� �meas�

�Param�Vmeas� Imeas� �meas�
���hBD� ���

Figure �� Transformer and voltage regulator model�
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Figure �� �a� Transformer model with a new ratio� �b� Equivalent circuit with �ctitious current injections�

where voltage Vmeas� current Imeas and phase angle
�meas are measured values� BD is one half of a
bandwidth� setting and Param are desired setting and
calculated values for the parameter that one wants to
control�

Di�erent local controllers within the same dis�
tribution subsystem are usually coordinated through
time delays� Time delay coordination means that the
response time of di�erent types of controllers to change
power �ow conditions is di�erent�

In the method described below� it is assumed that
time coordination between di�erent controllers is done
correctly� Controller modeling should start with the
controllers having the smallest time delays and� then�
to consider those with higher delays�

The method for the modeling of local controllers
may be described as follows�

�� Solve the power �ow equation with initial LTC tap
positions and capacitor bank connections�

�� Among all available controllers� �nd the controllers
with the smallest time delay and select them for a
simulation� If no controllers are selected� EXIT�

�� For selected controllers� calculate Setting
�Vcalc� Icalc� �calc� and Param �Vcalc� Icalc� �calc�
terms of Inequality �� where subscript �calc� refers
to values calculated in the power �ow�

�� Check Setting �Vcalc� Icalc� �calc� with maximum and
minimum limits� If each of these limits is violated�
set to be equal to the violated limit�

	� Check Inequality � for each selected controller� If
the inequality is satis�ed� the controller is not
simulated�

�� Based on the values of Setting �Vcalc� Icalc� �calc�
and Param �Vcalc� Icalc� �calc�� bandwidth and the
device step granularity� determine the direction and
number of additional steps �positions or banks�
needed�

�� If any controller from the selected group has the ad�
ditional number of steps not equal to zero� solve the
power �ow equation with control actions simulated
and return to step ��

�� Put a tag �unavailable� on all controllers currently
selected for modeling� Return to step ��

DISTRIBUTED GENERATION MODEL

Depending on the contract and control status of a
generator� it may be operated in one of the following
modes�

�� In �parallel operation� with the feeder� i�e�� the
generator is located near and designed to supply a
large load with �xed real and reactive power output�
The net e�ect is reduced load at a particular
location�

�� To output power at a speci�ed power factor�

�� To output power at a speci�ed terminal voltage�

The generation nodes in the �rst two cases can be
well represented as PQ nodes� The generation nodes
in the third case must be modeled as PV nodes� An
approach to the modeling of the generator as PV nodes
has been presented by Niknam and Ranjbar� based on
the compensation method ���

In this paper� generators are modeled as constant
P and variable Q� Generally� DG� based on reactive
power control� could be classi�ed as follows�

�� Balanced three�phase reactive power control of
DGs� In this case� reactive powers in each of three
phases are controlled simultaneously�

�� Unbalanced three�phase reactive power control of
DGs� In this case� each phase of DGs can be
controlled independently�

GENETIC ALGORITHM

Genetic Algorithms are searching and optimization
methods� based on a model of evolution adaptation in
nature� They are very powerful search algorithms and
are di�erent from conventional search algorithms� GA
does not need derivatives or other auxiliary knowledge�

GA works with a population of individuals and
each individual stands for a solution� The quality of a
solution is evaluated by its �tness� which is calculated
by a �tness function ���
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Figure �� Flowchart of Vol	Var control�

In this paper� Integer strings� instead of binary
coding� are used to represent values of variables and
include the following processes�

� Representation and initialization�

� Fitness function�

� Reproduction operation�

� Crossover operation�

� Mutation operation�

SOLUTION AND FLOWCHART

Since Volt�Var control is an optimization problem� a
genetic algorithm has been used to solve it� Figure �
shows a �owchart of this algorithm�

At �rst� in this method� initial population is
produced based on control variables� including the
reactive power of DGs� the substation capacitor and the
tap of the LTC� The value of taps and the capacitors
reactive power is considered as discrete� Then� for
each member of the initial population� considering the
modeling of local controllers� an unbalanced three�
phase power �ow is solved� After that� electric power
losses for each member are calculated and sorted and
then� a number of good members that have minimum
losses� are selected� New o�spring� based on a selected
population� are produced by the roulette wheel repro�
duction rule� A mutation operator is applied to each
gene� according to mutation probability� independently�
After mutation� losses are calculated for each member
of the new population� This process is repeated� until
convergence is met�

SIMULATION

The proposed algorithm is tested on two distribution
networks� In the following section� results for two cases
are presented�

Case �� IEEE �� Bus Radial Test Feeders

Figure � shows the IEEE �� bus radial distribution
test feeders� where the line and load speci�cations
are presented in ��� For this system� it is assumed
that there are three DGs connected at �� �� and ���

Figure �� Single line diagram of IEEE 
� bus test feeders�
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Table �� DGs characteristics�

G� G� G�

Active Power �kW� �� ��� �	�

Max Reactive Power �kVar� �� �� ���

Min Reactive Power �kVar� �	� ��� ���

respectively and their speci�cations are presented in
Table ��

Figure 	 shows the load curve pro�le at all load
points in the network�

Now� for using GA to determine the state variable
of the system� i�e� tap of LTC� size of capacitors� Pf in
substation� tap of voltage regulators and reactive power
of generators� the following assumptions are made�

Initial population� �����
Number of good population� ����
Number of load level� ��
Limit of voltage magnitude� ���	����	�
Limit of power factor in substation� ���	���
Limit of tap position� ��������	�
Size of tap� ������
RTVR� � RTVR� � RTCap� � RTCap��
Limit of substation capacitor� ������ kVar�
Limit of local capacitors� C�� ���	� kVar�
C�� ����� kVar�
Mutation� � � ����e�Counter�
� � ���������

Error �
PNgood

n��

��Costn �CostNgood��

���
where counter and Costi are the number of iterations
and the value of the objective function for the ith
population� respectively� RTi is the response time for
each local controller�

In this approach� it is assumed that local con�
trollers want to control their voltages�

In the following section� application of the method
for various load conditions is presented�

Peak Load

In this case� it is assumed that in all nodes the load is
at its maximum level�

Table � represents the results of simulation for
this case� Also� the voltage pro�le has been presented
in Table ��

Figure �� Load variation�

Table �� Results of the simulation for peak load�

With

DG

Without

DG
Tap of LTC ���� ����

Size of Substation

Capacitor �kVar�
��� ���

Pf in Substation �����	 ������
Power Losses �kW� ������� �	�����
Tap of Voltage Regulator ��� ����� ����
Tap of Voltage Regulator ��� ����� ����
Size of Capacitor � �kVar� � ��
Size of Capacitor � �kVar� � ��
QG� �kVar� ����� �
QG� �kVar� ����� �
QG� �kVar� ������ �
Execution Time�s� ����� �	���

Table �� Voltage pro�le for peak load�

No�

Bus
Va Vb Vc Va Vb Vc

� ������ ������ ������ ������ ������ ������
� ������ ������ ������ ������ ������ ������
� ������ ������ �����	 ������ ������ ������
� ������ ������ ������ ������ ������ �����	
	 ������ ������
� ������ ������ ������ ������ ������ ������
� ������ ������ �����	 ������ ������ ����	�
� ������ ������ ������ ������ �����	 ����	�
� ������ ������ ������ ������ ������ ����		
�� ������ ������
�� ������ ������
�� ������ ����	�
�� ������ ������ ����	� ������ ������ ������
�� ������ ������
�	 ������ ������ ����	� ������ ������ ������
�� �����	 ������ ������ �����	 ������ ������
�� �����	 ������ ������ ������ ������ ������
�� ������ ������
�� ������ ������ ������ ����	� ������ ������
�� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ����	� ������ ������
�� ������ ������ ������ ������ �����	 ������
�� ������ ������ ������ �����	 ������ ������
�� ������ �����	
�	 ������ ������ ������ �����	 ������ �����	
�� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ����	� ������
�� ������ ������ ������ ������ ����	� ������
�� ������ ������ ������ ������ ����	� ������
�� ������ ������ ������ ������ ����	� ������
�� ������ ������ ������ ������ ����	� ������
�� ������ ������ ������ ������ ����	� ������
�� ������ ������
�� ������ ������ ������ ������ ����	� ������

With DG Without DG
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��� Peak Load

In the second case� it is assumed that the load at
various nodes is ��
 of its peak value�

Table � represents the result of simulation for
this case� The voltage pro�le for this case has been
presented in Table 	�

��� Peak Load

The �nal case is one in which it is assumed that the
loads at various nodes are ��
 of its peak value�

Table � represents the result of the simulation for
��
 of the peak load� The voltage pro�le for this case
has been presented in Table ��

Case �� A Realistic �� Bus �	 kV Network

The method is applied to a rural network� as shown
in Figure �� This system is used to supply power
demand in a village located in the north of Iran� Line
and load characteristics are shown in Tables � and ��
respectively� A line impedance matrix is presented in

Table �� Result of the simulation for �� of peak load�

With

DG

Without

DG
Tap of LTC ����

Size of Substation

Capacitor �kVar�
�	�

Pf in Substation ������ ������
Power Losses �kW� ����	�� 	������
Tap of Voltage Regulator ��� � �����
Tap of Voltage Regulator ��� � �����
Size of Capacitor � �kVar� �� �
Size of Capacitor � �kVar� �� �
QG� �kVar� �� �
QG� �kVar� �� �
QG� �kVar� ��� �
Execution Time�s� ����� �	���

Table �� Voltage pro�le for �� peak load�

No�

Bus
Va Vb Vc Va Vb Vc

� ������ ������ ������ ������ ������ ������
� ������ ������ ������ ������ ������ ������
� ������ ������ ������ ������ �����	 �����	
� ����	� ������ ������ ������ ������ ������
	 ������ ������
� ������ ������ ������ ������ ������ ����	�
� ����	� ������ ������ ������ ������ ������
� ����	� ������ ������ �����	 ������ ������
� ����	� ������ ������ ������ ������ ������
�� ����	� ������
�� ������ ������
�� �����	 ������
�� ������ ������ ������ ������ ������ ������
�� ������ ������
�	 ������ ������ ������ �����	 ������ ������
�� ������ ������ ����	� ������ ������ ������
�� ������ ������ ����	� ������ ������ ������
�� ������ ������
�� ������ ������ �����	 ������ ������ ������
�� ������ ����	� ������ ������ ������ ������
�� ������ �����	 �����	 ������ ������ ������
�� �����	 ������ ������ ������ ������ ������
�� ������ ����	� ������ ������ ������ ������
�� ������ ������
�	 ������ ������ �����	 ������ ������ ������
�� ������ ������ �����	 ������ ������ ������
�� ������ ������ ������ ������ ������ ������
�� ������ �����	 ������ �����	 ������ ������
�� ������ �����	 ������ �����	 ������ ������
�� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������ ������
�� ������ �����	
�� ������ ������ ������ ������ ������ ������

With DG Without DG

Figure �� Single line diagram of rural network�
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Table �� Result of simulation for �� of peak load�

With

DG

Without

DG

Tap of LTC ���� ����

Size of Substation

Capacitor �kVar�
��� ���

Pf in Substation ������ ������
Power Losses �kW� �����	 �������
Tap of Voltage Regulator ��� � �����
Tap of Voltage Regulator ��� � ����
Size of Capacitor � �kVar� �� �
Size of Capacitor � �kVar� �� �
QG� �kVar� �� �
QG� �kVar� �� �
QG� �kVar� �� �
Execution Time�s� ����� �	���

Table �� Voltage pro�le for �� peak load�

No�

Bus
Va Vb Vc Va Vb Vc

� ������ ������ ������ ������ ������ ������
� ������ ������ ������ ������ ������ ������
� ������ ������ ������ ������ ������ ������
� ������ ������ ������ ������ ����	� ������
	 ������ ����	�
� ������ ������ ������ ������ ������ ������
� ������ ������ ������ ������ ����	� ����	�
� ������ ������ ����	� ������ ������ ����	�
� ������ ������ ����	� ������ �����	 ����	�
�� ������ ������
�� ������ ������
�� ������ ������
�� ������ ����	� ������ ������ ����	� ������
�� ����	� ����	�
�	 ������ ����	� ������ �����	 ����	� �����	
�� ������ ������ ������ ������ ������ �����	
�� ������ ������ ������ ������ ������ ������
�� ������ ������
�� ������ ������ ������ ������ ������ ����	�
�� ������ ����	� ������ ������ ������ ������
�� �����	 ������ ������ ����	� �����	 ����	�
�� ������ ������ ������ ������ ������ ����		
�� ������ ������ ������ ������ ������ ������
�� ������ ������
�	 ������ ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������ ������
�� ������ ������ �����	 ������ �����	 �����	
�� ������ ������ �����	 ������ ������ �����	
�� ������ ������ �����	 ������ ������ �����	
�� ������ ������ �����	 ������ ������ ������
�� ������ ������ �����	 ������ ������ �����	
�� ������ ������ �����	 ������ ������ �����	
�� ������ ������
�� ������ ������ �����	 ������ ������ �����	

With DG Without DG

the following equation�

ZLine���m� �

��e� ��

�
�

� � j� �� � j��	 �� � j��	
�� � j��	 � � j� �� � j��	
�� � j��	 �� � j��	 � � j�

�
� � ���

As there is no DG in this network� currently�
two typical DGs have been considered in buses ��
and �� and their speci�cations have been presented in
Table ���

Simulation conditions are similar to Case � with�
out considering VRs and capacitors� Also� the sub�
station capacitor is ���� kVar� In the following
section� the application of the method for various load
conditions is presented�

Peak Load

The result of simulation for peak load is represented in
Table ���

��� Peak Load

Table �� shows the result of simulation for ��
 peak
load�

��� Peak Load

The �nal case is one in which it is assumed that the
loads at various nodes are ��
 of its peak value� The
result of simulation for ��
 peak load is represented in
Table ���

Table 	� Line characteristics�

No From To Length �m�

� � � ��

� � � ���

� � � ���

� � 	 ���

	 	 � ���

� � � ��	

� � � ���

� � � ���

� � �� 		

�� �� �� ��

�� �� �� ����

�� �� �� ����

�� �� �� ���

�� �� �	 ��	

�	 �	 �� ��	

�� �� �� ����

�� �� �� ����

�� �� �� ��

�� �� �� ��

�� �� �� ����

�� �� �� �	��

�� �� �� 	��
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Table 
� Load characteristics�

No
Pa

�kW�

Qa

�kVar�

Pb

�kW�

Qb

�kVar�

Pc

�kW�

Qc

�kVar�

� ���� ���� ���� ���� ���� ����

� ��	��� ����	 �����	 �	��� �	�		 �����

� ����� ���	� ����� ����� �	��� 	����

� ����� ���	� ����� ����� �	��� 	����

	 ����� ���	� ����� ����� �	��� 	����

� ����� ���	� ����� ����� �	��� 	����

� ����� ���	� ����� ����� �	��� 	����

� ����� ���	� ����� ����� �	��� 	����

� ����� ���	� ����� ����� �	��� 	����

�� ����� ���	� ����� ����� �	��� 	����

�� ��	��� ����	 �����	 �	��� �	�		 �����

�� ��	��� ����	 �����	 �	��� �	�		 �����

�� ����� ���	� ����� ����� �	��� 	����

�� ����� ���	� ����� ����� �	��� 	����

�	 ����� �	��	 ����� ����� ����� �����

�� ������ �	���� ������ ����	� ������ ����	�

�� ������ ������ ��	��� ������ ������ �����

�� ����� ���	� ����� ����� �	��� 	����

�� ��	��� ����	 �����	 �	��� �	�		 �����

�� ��	��� ����	 �����	 �	��� �	�		 �����

�� 	���� ���	� 	��	� ����� �	�	� �����

�� ���� ���� ���� ���� ���� ����

�� ��	��� ����	 �����	 �	��� �	�		 �����

Table ��� DGs characteristics�

G� G�

Active Power �kW� ��� ���

Max Reactive Power �kVar� ��� 	��

Min Reactive Power �kVar� ���� ����

Table ��� Result of simulation for peak load�

With

DG

Without

DG

Tap of LTC ���� ����

Size of Substation

Capacitor �kVar�
���� �	��

Pf in Substation ����	 ����	�

Power Losses �kW� ����� ������

Max Voltage �kV� ���� ����

Min Voltage �kV� ����� ������

QG� �kVar� ��� �

QG� �kVar� 	�� �

Execution Time�s� ����� �����

Table ��� Result of simulation for �� peak load�

With

DG

Without

DG

Tap of LTC ���� ����

Size of Substation

Capacitor �kVar�
���� ����

Pf in Substation ����	 �����

Power Losses �kW� ����� �����

Max Voltage �kV� ���� ����

Min Voltage �kV� ������ �����	

QG� �kVar� ��� �

QG� �kVar� 	�� �

Execution Time�s� ����� �����

Table ��� Result of simulation for �� peak load�

With

DG

Without

DG

Tap of LTC ���� ����

Size of Substation

Capacitor �kVar�
���� ����

Pf in Substation ����� �����

Power Losses �kW� ���� �����

Max Voltage �kV� ���� ����

Min Voltage �kV� ������ �������

QG� �kVar� ��� �

QG� �kVar� 	�� �

Execution Time�s� ����� �����

DISCUSSION

Comparison between results achieved by using GA
in the above mentioned problem and those found by
other investigations �� shows the high accuracy and
applicability of using the GA optimization algorithm
in Volt�Var control in a distribution network incorpo�
rating DGs and control devices�

In Tables �� �� � and �� to ��� comparison of
system losses between pre and post installation of DGs
is shown� After installation of DGs� since they reduce
the line current �ow� the system losses at each load
level is reduced� For example� for ��
 peak load �IEEE
test feeder�� DG caused power loss in the distribution
system became ����� kW� which is comparable with
������� kW in the case of no DGs� Distributed
generation location a�ects active and reactive power
�ow� so if they are placed at suitable locations� power
losses can be greatly decreased�

It must be mentioned that since all required con�
straints have been assumed in both cases �existence and
nonexistence of DG� and the optimization problems
have been solved� the voltage pro�le and substation
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power factors are the same for all cases and system
losses only decreased when DGs existed� which also
gives the possibility of Volt�Var control through the
network�

These tables also show the execution time for
the proposed algorithm� which is su�ciently short and
gives a general idea that the method can be imple�
mented without any restriction in realistic networks�
In the worst case� it is less than � minute� which is
much less than the required response time of a real
network for Var control�

CONCLUSION

Since the number of DGs will be increasing and� also�
the DGs a�ect voltage and reactive power control� it
is necessary to study the impact of DGs on Volt�Var
control� This paper presented an e�cient algorithm
for Vol�Var control in distribution with DGs� In
the three�phase unbalanced power �ow calculation�
while modeling the local controllers of devices� the
distribution system components are modeled by their
equivalent circuits in terms of inductance� capacitance�
resistance and injected current� Genetic algorithm
is used to obtain the solution of the optimization
problem� By using this algorithm� the performance of
radial test feeders� with or without DGs� was analyzed
and it has been shown that while accomplishing all the
technical constraints in the network� i�e� voltage pro�le
and substation load factor constraints� system loss
decreased enormously in the cases where DGs existed�
It is� therefore� revealed that by proper placement of
DGs and by using appropriate controllers for them� it

is possible to have a much better control of Volt�Var
in the network while decreasing system losses�
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