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Application of Tabu Search to Optimal Placement of Distributed 
Generation and Reactive Power Sources 

M. E. Hamedani Golshan, S. A. Arefifar, and Gh. Moslehi 
Department of Electrical and Computer Engineering, Isfahan University of Technology 

Department of Industrial Engineering, Isfahan University of Technology 

Abstract: Introducing distributed generation into a power system can lead to numerous benefits including technical, 
economic, environmental, etc. To attain these benefits, distributed generators with proper rating should be installed at suitable 
locations. Given the similar effects of distributed generators and capacitor banks on operation indices of a distribution system, 
simultaneous assignment of best locations and sizes to both will not only lead to greatest benefits from distributed generators but 
also to lower reactive power capacity requirements. In this paper, a new combined planning problem involving distributed 
generation and Volt/VAr control means planning is formulated and solved in which the quantity of distributed generators and 
reactive power sources are simultaneously assigned to buses in a distribution system. Also tap positions of voltage regulators are 
computed such that with a given distributed generation under peak load conditions, power losses and the reactive power capacity 
required are minimized. Like many other problems in power network planning, the problem formulated here is a nonlinear 
combinatorial one. Hence, we employ the tabu search algorithm to solve the optimization problem. The results from applying the 
algorithm to distribution networks with 6, 19, and 33 buses are presented and compared with those obtained from employing the 
second order method. 

Keywords: Distribution system, Distributed generation, Reactive sources, System losses, Optimal placement, Tabu search, 
Voltage regulator 
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��/�! ��/!� ��/�� !�/�� ��/��� �/��� �/��� %	6(�)kW(
��/� �/
 
�/
 �/� 
�/� � � Q(MVAr)

���!/� ����/� ����/� ����/� ����/� ����/� ����/�  �	� "C�#*�O#+
LQa	�

��/�� ��/�� !�/�� ��/�
 ��/�� ��/�� ��/�� %	6(�)kW(

�/
 ��/
 �/
 !/� �/� �/� � Q(MVAr)

�����/� ����
/� �����/� �����/� �����/� �����/� �����/� O#+  �	� "C�#*�
SSa	�

G<�=�� �< <� � ���	��	� �nA3��I�Z	 �7��8 �����
��3 �3 �������	 G<�=�� 97% �< <� � J�'n� 4��.J	�-E �3

B<� �a\;�� m�6� �< � ����� ��I�Z	 �7��8 �^.	+Q ��^�
@	kW�i��< � $�< ��	 ���.TS�a7��8kWhi�9a7%

��I�Z	��	 /+� /�	�.

P;R;������	�f�+����
�� ����  �	�� ! "#�
��$ %�#���
�-7�3 /@	+%	 < J�K� ���Q Y�	 �G	+7��;J	�a; 23�-� < /+-0	�1

�7�0	�f �3$a� Y77S; J��9�:��a�.�a7��8 ��a�L� [�Z�a3
/+� Y77S; g71 @	 < �3�t 	+�� �0 /+-0	�1 23�-���� � ���	 4	

�7]��q	+a71 < �0�Q /�e%$l��'a�: J��a0r	�aM Ra� 4�a:
%�K�	�a7�0	 J	�a; 23�a-� �a7��8 ��a�L� �a0 ��	 4�e% �3 ��OP

���	� 	 ��Z 	+�� _X	+Q F�'7� �3 /+� ���`	+��3.

a3 ��7�<	 �<�� �d�% R� @	 �0 Y�	 B�L%	 4	�3�J	�a-E��a^�
%�K�	 r	�M R� �0 �=D 	��3$a� @�avN ��a�	 ��OPF7a-0.B+aX

$l��'�: J��0 	+71 4+S3�a�	 �ad�% Ya�	 4�:.�a7]�� 4	�a3q

$l��'�:J@�aZ +aQ	< R� ����I; J��0 ���`	 �3 �d�% �: 4�:
��0	 �� <)�	�a3 ��a^� J	�a-E �a3 �0 �7�0	 �7��8 Y���Kq�0

F�'7���,�3kVAr����	 /+� ���(4��a��3 @	 $aK� �3
F�'7���3���$�+�N.�����< ��-���}��QG+� /�;�0 ��:

�7]�� 4	�3 G+� +-A3 <q�7]�� �3 �3�6�p$� y��S;+%��.
_Q �3 ��3�� ����% �D�Z�A?'����Q Y�	 ��a� 4	�a3

F�'7�����<���a0 ��a� Ya�	 �a3 ,�3�4�a�%	�; ��a�L
< �3�t �:�;	�%T 4+7��;�3 �3	�3j�+D�F�'a7� �3 ���L�

� ����V �}% ����<+aM�)!(�a�	 /+a� /�<N./+:�6a�
$��a-�9: +a��3 �a7�.	 J	�a; 23�a-� HIa% 4	�3 �q�V	 �. ���
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��� ������	
����� ������������ h(
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u)

Bus No.

V
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u)

Bus No.

V
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u)

Bus No.
V

(p
u)

,3IS;"#I "��� ����� ���
�� ���� A(��� ��	?� ��C� �� �*��*  C�� ����. �. <	��! ,�1!�$)θA(���(

K!#�g;-�[��� \�'� W!� !� �� `���� Y	�* ��	?�! Z!�TS

����.ha	� ����.>ca	� ����.DDa	� ,J W!� ��	?� ����-

�
 !�/�� ��/�� Z!� �[��� \�'�

�� ��/�� !�/�� ����� ������

	6(�%)kW(


��� 

�� 
�
� Z!� �[��� \�'�

��� 

�� 
��� ����� ������ Q(kVAr)

��
�/� �����/� �����/� Z!� �[��� \�'�
��

/� �����/� �����/� ����� ������

� "C�#*�O#+  �	

�a3 �\'a% G�a=A; g:�a. �aAE �a3 �a�	 ��a� �Z	��1 �f�3��
�a7�.	 23�a-� �a. $���Q<[+a: 23�a; ��a�L� � +a%	+% ��aM

�aa-�9: ��aa�L� �aa.23�aa-� HIaa% < G�aa=A; 4�aa:J	�aa;�aa7�.	
$aa� g:�aa. ��aa�	+aa3��.�aaK-�	 �aaAE �aa3θ�aa`��aa�L� H�
4�aa�%	�; G�aaS3��23�aa-��aa�	 �aa7�0	��aaE�3 JN g�	9aa�	

g:�a023�a-� �aa7��8�aa7�0	/+aa� /�	� 57Ia&;4��aa��3 �a3
$� F�'7��a��.2a�@�; F�'a7� �a: �/@	+a%	θ�a3 �aM�; �a3

G�a=A; �a3 ��a3�� �-�9: �\'%Ra71 �a3 ���a3�� �a-�9: �a3
�a7�.	 J	�a; 23�a-� HI% �3_a3�XY7a7S;�a�	.T�a��< _a7�<�1

�'aa7� �aa��aa��Q Yaa�	 � F�_Kaa�)j(�aa�	 /+aa� F7aa��;.
$� /+:�6�g:�a0 �a3 �0 ���θ23�a-� �a7��8 g�	9a�	 $a-S�

$a� 4��6a73 ��a\�3 F�'a7� T�a��< _a7�<�1 ��7�0	 J	�;+a3��.�
�<+aaM)�(< B<� �aa\;�� m�6aa� �< <� �aa3 ��aa3�� ���aa�%

TS�a��Q 4	�a3 [+a: 23�a; /@	+%	 �}% @	�=θ/+a� $a��3
�aa�	.$aa� /+:�6aa��< @	 /��=�aa�	 �aa0 ��aa�TS�aaE�3

$a� [+a: 23�a; /@	+%	��6a73 g:�0�a��a3�4�af4	�a3 �a.
F�'aa7�jj�aa. ,�aa3�A?'aa�$aaV93 ��aaS3	 4		� 49aa� �aa��%�3

�< � [+aa: 23�aa; ��aa�	TS�<+aaQ �jj%\'aa%�aa3 �
$��aa%	�; Yaa�	 < �aa�	 �aa���� g:�aa. B<� �aa\;�� m�6aa� �<

�<TS�aa3 J+7aa� � 	AQ�aa3 _{�'aa� � �aa��3 4�aa�	aaS3��
$aa� J�6aa% o9aa3+aa:�.< /+aa-0	�1 G	+aa7��; 57Iaa&; /�aae%

F�'aa7� � �aa7�0	 J	�aa; 23�aa-���,�aa3)�=θ(<� 4	@	 �aa3 �
_aaQ �<TS� B<� �aa\;�� m�6aa� <aa�_K)�(/�	� J�6aa%
��	 /+�.J�a�:�7tua; �aAE �a3 �a�	 �a}�%	 _a3�X �a. �a%�V

�aa7�.	 J	�aa; 23�aa-� < /+aa-.	�1 23�aa-� 49aa� �aa��%�3 �aa. $A3�aa���
�3� /+a-.	�1 23�a-� 57Ia&; /�ae% �+a%	� Fa: 4<�a:<�

/+aa-.	�1 23�aa-� 49aa� �aa��%�3 saa�� �aa. $���aaQ �aa3 �\'aa% �<
+a� B�L%	/)_na�)h((���a. �a77];�a�	 /.G<�a=; /<�aE �a3

� �aa7�.	 23�aa-� < $aa�7�Q 23�aa-� 57Iaa&; ��aae%<��<
��	 5&6� ����..
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Bus No.

P(
kW

)

Second Order Method
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Second Order Method
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)

Tabu Search Method

Bus No.

Q
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V
ar

)

Tabu Search Method

,3IV;����. �� ���
�� ����  �	�� ! "#�
��$ %�#���� ����� ����� "�/*SS%!	6�� ,J W!� !� ��C� �� a	�

K!#�i;0O#+  �	� "C�#*�����. %	6(�!�������  �	�� �	�*��������
��

�/� �/� �/� �/� �/�� ��� o93 �7'3 θ
F�'7�

h�/�� hk/�h i)/�j j�/(� j�/kj �j/��� �j/��� G�=A;)kW(
�/) hi/h �/h �/� hi/� � � Q(MVAr)

�����/� �����/� ����k/� ���k)/� ���kk/� ����/� ����/�
��,�3

23�; /@	+%	[+:
((/h� �j/h( hi/h( �(/j� i)/jj �(/�h ��/(i G�=A;)kW(
hi/h �i/h �/h �i/� )i/� ji/� � Q(MVAr)

���h(/� ���hk/� ���j�/� ���j(/� ���)j/� ���(�/� ���(i/�
��,�3

[+: 23�; /@	+%	

P;S;����� #���1 �� <	��! �	+���j��� k� ��l��
���
�� ����  �	�� ! "#�
��$ %�#���� �	�f�+

$� ��� ��'X Y�	 �/+--0 F7}-; W; �7SX�� F7-04�a:
J��9�: T���<< /+a-0	�1 G	+a7��; �a-7�3 /@	+%	 < _e� Y77S; �3

��a� F7a}-; ��7�0	 J	�; 23�-�.$l��'a�:��a0�Q��a����
G+a� +a-A3 < G+a� /�a;�0 ��a: �a}��Q < ��-���Ya�	 4	�a3

4�:�7]�� �3 �3�6� $���-0 4�:�7]��p<qy��S;+%�� ��.�a3
Y7a3 �a77]; ���<+ae� ��: W; �7SX�� ��� � �0 G<�=; Y�	

�	� ��M< �^0	+Q < _X	+Q �7SX��.�'����4���<+aM)�(<
)!(F�'7� 4	�3jj,�3$� J�6%Wa; �a7SX�� F7}-; �0 +:�

/+aa--0 F7aa}-;saaZ 4< 2aaX	< T�aa��< 4�aa:)
#�(�aa3 Raa��9%
,�3)
(sZ 4< �)�#!(,�a3 �a3 Ra��9%)�(saZ 4< <

)
!#
�(,�3 �3 R��9%)
!(g:�a0 �aE�3 4��a�@ J	9a7� �3
�a�	 /+a� [+a: 23�; /@	+%	.F7a}-; Wa; �a-7�3 F7a}-; �7tua;

/+--0T�a��< 4�:�a0 $���aQ �θ�a3 < �	� 4�a�V93 	+a��
$a� /��=�a�	 4�a��0 �7�0	 23�-� @	 $;�\E�a�	 ��6a73 ��a�.
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,3IP;"#��
 ��l�� ���! Z#- 	 ! ���! U�	J �� �*��*  C�� ����. !� <	��! ,�1!�$ ��	?�<	��! �	+

Bus No.
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)

Tabu Search Method
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Bus No.
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Bus No.

P(
kW

)

Second Order Method

Q
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V
ar
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Bus No.

Second Order Method

,3I_–����. �� ���
�� ����  �	�� ! "#I  C��  �	�� ����� "�/*SS��C� �� a	�
"#��
 ��l�� �
 )��	J �� %!	6�� ,J W!� !�)� m	/� <	��! �	+#*�I

�3� ��^� J	�-E���Q ��=θ< G�=A;	+���a3 �\'a% [+: 23�;
� T���< 4�:�;U�V �. $���Q�A?'��a���V �a}% � 49a� �a��%�3

$�%J	97� �3 H7;�; �3 +%���<i/�$� g:�. +D�+-3��.� �7tua;
/+--0 F7}-; W; �7SX�� Y���V �}%4�a:�7]�� J	�a-E �a3 T�a��< 4�:

$���-04	@	 �a3 �a%��% 2a�@�; F�'7� <� T���< _7�<�1 4<�=θ�
_K�)�(�a�	 /+a� /�	� J�6%.< /+a-0	�1 23�a-�57Ia&; /�ae%

F�'7� 4	�3 �7�0	 J	�; 23�-����a��Q � ,�a3�=θ@	 _aD�Q �
_Q�A?'�<� �a\;�� m�6a� < ��a-�� 4�L�'aM �< <� �a3� �B

_K�)�(��	 /+� F7��;.$a� �}Q�� �	�+L����a�% �U<	 �a. ��a�
_n� �3 �\'% 23�-�57I&;))(G<�a=; ��a7%�t < ��	 /��. G<�=;

<� @	 _aD�Q ���a�% Y7a3 4�����A��<TSB<� �a\;�� m�6a� <
$� /+:�6���6a73 g�	9a�	 �aAE �a3 Y�	 �. ���	aS3���A?'a��a-7�3
��	 4@��.��Q Y�	 �/+a--0 F7a}-; Wa; �a7SX�� ��T�a��< 4�a:

F�'7� 4< ��M�����< @	 /��=��	 �3 ,�3TSG�aD �3]�h�
���k(���)[�3���$a�$��aQ � +a�N�< @	 /��=�a�	 �a3 �a0

r	�M �3 B<� �\;�� m�6�]����k������ [$�F7�.
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��� ������	hi���� ���������j(ij�

h;����*����
Y���V �}% � �3 ����� Y�	 ��3�� �-�9:G�=A; �3 ��a3 �

R71F�'7��7�.	 J	�; 23�-� HI% �-�9: �3 �\'%)H��`θ(
�A?'�G	+a7��; B��a; 49a� �a��%�3 4	�3 4+�+M 49� ���%�3

�a3 �L-� �. +� y��S; �7�.	 J	�; 23�-� < /+-.	�1J��a. 	+a71
4��%�n�HI% �-7�3-0	�1 G	+7��;4��%�n� Y7-c�: < /+�a-7�3

�7�.	 J	�; 23�-� 	+�� _X	+Q HI% 4	�3+�.����%�a3�a��
/+�N+�>�HI% �. ��	 HAd� Y�		+�� _X	+Q �7eD23�-�

�7�.	 J	�;�f �3-0	�1 G	+7��; $3�� J�K� �3 J��9�:�E�3 /+
g:�.��673T���< _7�<�1 ��\�3 < F�'7� G�=A;F�'7�$����.

X�� J��0 ���`	 /<�E �3/+a--0 F7a}-; W; �7S�a3 T�a��< 4�a:
� < [+a: 23�a; /@	+a%	 g:�a0 �E�3 �A?'� $���-0 4�:�7]��
F�'a7� @�a7% ��a� �a7�0	 J	�a; �7��8 < G�=A; g:�0 �L7�%

$����.
@	 /��=��	 �0 +� /+:�6�F���l�	4	�a3 ��a-�� 4�L�'M

_Q�A?'�4@�� �-7�3< ��''V 4�:�7]�� �3 �. J�n�	 _7�� �3
:�-7�3 � Y���l% 	�X Y7-c�4�a��3 4�a�3	�M �a3 $aAe� 4�:

$� �L-� B<� �\;�� m�6� �< �3 �\'%��a�.Ya�	 /<�aE �a3
4�7V m�6� B9A�'� �<< /��a\% /+a7c71 < $%U�af 4�a:�a3

�A?'�'7% �M	�� 97% $�	�l�:�.

��	* "<�!
1. distributed generation 
2. voltage regulator 
3. tabu search 
4. second order method 
5. genetic algorithm 
6. simulated annealing 

7. adaptive memory 
8. responsive exploration 
9. recency 
10. quality 
11. frequency    
12. influence 

13. tabu list 
14. intermediate term memory
15. long term memory 
16. sterm
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