
���� ���� -  �

��
�� �� ���� �������-  ��������-  ���! �"�- #�$%�& " '���(94   

 

46 

 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
e
ar

ch
es

 o
n

 E
le

ct
ri

ca
l 

P
o
w

er
 -

 V
o

l.
 4

 -
N

o
. 
1

- 
au

tu
m

n
 2

0
1
5

 &
 w

in
te

r 
2
0

1
6

 

 

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

 ��!�� "#$�%�
 	
��� &�� �$ ����'($ ��  �$�) *�"'�$ 	+�� �
, ���(  
  

��+�+�  �+& �%, ��!��1 .%,�/���0 #"��1 �*2. /�45+ ����3
 

 

1- 7!�+ ���8!��9 /��:�+����! #+��� 7,+" .
�� ��78��  "�; .. ��<�+ �+&0  �=:�+�. .#+��� 
Hassanzadeh.yashin@yahoo.com 

*2- �����$�+ ���� �	�
- ���
���� ���	 �����  ���
���� ������ ���� ���
���Hoharoonabadi@yahoo.com 

3- ������� �	�
 � -  ������ ������ ���� ���
��� � �!" ����� ���	 �����tnb.ac.ir-R_asghari@iau  

             ����> +����:10/2/1397                                      ����> (C��D: 22/3/1397  

  

����,: ��� &�� �$ ���-�. � ��� �
 /(�0�� .�� � ��� ��� 	��1 234. 56(�  ��! �$�� "#$�7%�
 8�� ���
. �$ ����'($�� 

. ��
9$�0� ���� .( 	 "� �$�;'< ��� 8���� <� ��
9$�0��� �����9�0 7 ��
���� ��� ������� .� �
��� ."�$ ��� 	��� ��=�  >���

(�;'< . 	9 ��� "? �8�@ �$� $���� A�� ;B@�� 9�'4. �$�1 � $�� �"� C���7� D��� ���  ��! E '3.�� #$
�"%� . F�6.� ����
 .

� G2����
����� ������� 	��� �� 7����� -�� �H� $� E '3. I�J� K�'8��� . �$�!� ���L �� $M8�� . � %��.�%$N �N� %$���J� 

���@$� O(��� ������� � ���	
 �H� 	� ��� P���1 � 	9 ���
��'4�1 -���� 9 ����� Q�H8 �$ $����� $N+$ � K�'8��R  ��!�� 

"#$�%�
 ( 	?�"B. ���;'< ����� ���� $�$� .S�� 	8�J. 1�$ ��  �� �($ %T �$ ����'($ ����U8$�;' ���
	 ��(� 	+�� �
,   *�"'�$

 �$�) %T 	B�'� �� � VW�@ ������� �@$� �$�� G(�
. ������ ����� � ;'<�( ��� �D��� ���  ��!�� "#$�%�
 1�.�� %T 

���. X�� �$ ����'($ �� ����
4�0 &�� �$N+$MATLAB  %�'
� �� ��� ;'<�( ��� ��(RBTS)  ��� Y�"?$�($ .  

 ��� �. %�4� ��.T �(� 	� Z��'�����
�� ��� ������� K�8�
�� 7��234. 	� 	��� ��� . 7	��� 	� Y�2�$ %��. ��  �
�$��

-[���$� '�\.�  ��! ����� 	 "� �$�� "#$�%�
 � 9 ��������� �� K�'8�� �� 	���� ����� ����T �����.  

�K$� ��� ��� 9 :(�;'< 8���� ���� %$�����7 ������ ���7	
 ��U8$�;' ���	
 ��(� ( 7�$�) *�"'�$�;'< ����� �� ��! 7

%�
�"#$   

 

1 - 	.�J.  
�E��� F��+/ ( GH�%� "�#��+� � &+ #0�&��� � IJ�  KL�I� &+  /�I1 

���+� M+ #"�N �� "  ��� �:��.�    F�I�+ OI:9 &+ PI(/ �$JL+� IJ�  "

Q��� R " SI!+7�� 7!� �� ��=�1 " #0 � I�Q�S  �I:�/.   IR�� ���I� �

  �+�IN #"'T+&"�  SI�+ �I$T�; ]1-3[.  IT�X &+�  �JYI! ��  �I1/ &�� I�Z 

&"��+/ ��.'  I5�
M 7!� �� "� 7�"� �� [�
M ���  &�I�/  $��IN� "� 

L"+ \71 .
�� �+&�� #7!�� S9�! �1/ &���Z. �(��� '1 #��"0��8 �1/ 

 ��� �� ]���� �+���/. �+7�=�/  "�Q���     #��I� ^�I� #�I�'�1 " �JY!

���N�S �X+�#�8 9 .�JY!�_�S �`� " 
���S �� �$I:  9�$I:���  I�� 

7!�� ]4-7[.   

 ZR��]8 [7R �Y8R�7/ �R �� +� I����   I!��M Z��I8��7/ � I�#� 

�� S�+ �$T�; �+�N �R�� ���� �$�9 �9 789 .  �IH+�+ D"� &+  ��_$�+ ��

+ ��  7!�� �� b��8� .��c%���  +�I� G��/   I
�:� �+7IQ��   7I,+"

!��M�7/ � �9� ���S% � �^��G d�+�$�+�e   ; �+�IN �JYI! ��� 7I��. 

� f�:�� ���;.  ZR��]9 [��'  �H+�+ ���e L��0 D"��' ������ +��/ 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
94

.4
.2

.6
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

26
-0

6-
27

 ]
 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.6.1
https://jeps.dezful.iau.ir/article-1-108-fa.html


���� ���� -  �

��
�� �� ���� �������-  ��������-  ���! �"�- #�$%�& " '���(94   

 

47 

 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
e
ar

ch
es

 o
n

 E
le

ct
ri

ca
l 

P
o
w

er
 -

 V
o

l.
 4

 -
N

o
. 
1

- 
au

tu
m

n
 2

0
1
5

 &
 w

in
te

r 
2
0

1
6

 

 

Q� �I��  ��  &+7I�+ " GII����II8  I!��M Z��II8��7/ � ���g$II%  ��7IIN

�� �&+��( .+ �� I��    ;��IJ� &+ \7I1 �IL�����/  �17I,+"/  I!��M�7/ 

� �� #+�� ��_�� K1�9�g$% &���Z  I��  7I!��.  I8h�1��   ZIR+�� ��

]10  "11 [!"�� +��/ �R���� �17,+"/ !��M�7/  K1�9 ��i8� ��

�JY! ��_�� �1/ &�� 
�T�Z S�+  7! �H+�+ ���$�+ ". �� ]12 [Q� �I�� 

�� " #�J��' ����8 �17,+"/  I!��M�7/  &�� �JYI! �� I�Z    \7I1 �I�

GN+7, &��/ '1 " ��_����8 ����� S�+  7!. �� ]13 [Q���� ���'  "

�� #�J���8 �17,+"/ !��M�7/ &�� �JY! ���Z S�+  7! �QL�j�.  

�R���� �17,+" b��8���/ !��M�7/  ���N �I�8� �� I�S �X+� #�I8 

��g$% +'T+ +��K    � ��IJ��� �IJ�� .�+� 7I1+���� g$I%    GJI:� �I� +�

��9 71+�M �R+��. �J� D"� &+ +�� �1/ >��( �;��  � " ��I� 7!� �� I�' 

����� 
�:� kj�� ���N &+ I�S �X+� .#�I8   L�� Z��I8� &+  ��_$I�+ I�7 

  789+�(S�+ .&+ ���R ��g$%  �I1/ L�� I�7   I%�  7I89+�(���   �����I9�(

�� �;"� �1/ !��M�7/ �� 78!�� .��g$%/�1 L���7 !�M #+���7/  ��

��� " #��0 b
� . ��_$�+ SL��� S����+' Y��R�  � ���I� I�&�  gI9. 

�R� �= "� d +/  L�� Z��I8� �� I�7   " �I� "  7I89+�( I� d � �� I�#�   Z��I8�

7���7II(C�� (II�+7  ��II9 II�+7. �� �II;"� �II1/ II!��M�7/  �II� �IIR�� �II�

F�L�8J� .��
�:�/     I� .�JYI! �I� ��I
�+ #�J� "�   lEI� 7I8�+����+� 

$Ym�� ���N ��Y�� ���R &+�S �X+� #�I8  �JYI!  �I1/ &�� I�Z   bIR�� +�

7��! .+'T+ �� +CL�K   �I;"��� &+  ��_$�+  �I1/  I!��M�7/  I8h�1 "�� 

 ��Y��8T GH�%��  "/��
$N+�H�%� .78��� � Q� �I�� T�n I�S   #�IJ� "

�17,+" ��
�+/ !��M�7/ ���� ���� �JY! ���  �$T�; �+�N7�+.  

+ ����  �IL���     I!"� �I� SI�+ #0 7I
N�   +�I� bI��8�/ �R I���� 

 �;"��� �1/ !��M�7/ ��! �H+�+ .+ ��  7! �H+�+ D"��� �L��� 8$Y�� 

+ ����=L�g$ ����8 &��/  �T71 78�  �+�o p�I�$R+ I��   #�I�1PSO   �I�

fM�! ��Y�� \71 �1/ ���N�S �X+�#�8 � �JY!� 7!�� . �9 ���0 &+ ��+

�R ������ Q� "��� T�n�S  �;"��� �1/ !��M�7/   7I8� �I��� Q� I��� 

fM�! �1/ ���N�S �X+� #�I8  �JYI! ��I_�� .  � ��I� "� g$I%   "�I�"�

$%1�.g �$���� T�n .�+7Q� q��L &+ r��$�+�S   �17I,+" b
� #�J� "

D"� &+  ��_$�+ �� �8��� �� �8$Y� /�1  71+�M G5�, �T71 78� /&��

7!.     ��I� &+  ��_$I�+ �I� /���8I:�( D"�  �+'IT+MATLAB   /"� �I�

 #�$8���� /"� g$%��(RBTS)      7I�0 SI�� �I� s��$� "  7! ����+

S�+  7! �H+�+.  

2-  ;'<�( ���<8�.  

+ ���� �L��� ��=L+ &+�g$ ����8&��/ ��J$�+ +�T/ +��/  �L�%� G,

�R���� S�+  7!  ��_$�+ .1�� �� �R�� ���S      #��I� \7I1 Z��I� 7I�

��=L+ .�i� ���� �L�%��g$ ���$�+� ���$%�  �I�+����     Z��I� GH�I%� GI,

� +� �T71 78� I�'  7I!�� +�+� .+ &+ I�� + �� "� I��  tI���$�  &+ ��I=L+�g$ 

Q����  �+�o �I8��� �� �8$Y�     �IT71 7I8� /&�I�)MOPSO ( +�I�/ 

0�T�78 ����8/&�� S�+  7!  ��_$�+ .  I���� �I� ��+�+ ���  ��I=L+�g$ 

(����8:/  �$M+��(����!.  

2 -1- Y�.�+�
�� 	8�<.  

�J� g�� &+ ���� /��+'� L�� Z��8� �Q�����+7  Z��8� 78���  789+�(

PV � +�� #+�� ���N ��Y���S �X+�#�8  �JY!S%�+� . �J���X �� ��

+'T+�K + o�_��� �JY! �� Z��8� �1/ &���Z #��& �� �1/  �� �jM p�N"

�9 ����+��&7� �1/ � b��8�� #+��  �� "  ��9 +7R +� �+��jM K��

����� ��7� \�
� �X &+ #�;7889�t +�� ���& �7� .Z��8�� !���M� 

9�$:��� $� �� "��� '1��8 �1/ �+� K1�9 +� �X���� .8h�1�� �J� 

���= g�� &+ ���� ^��G L�� &+  ��_$�+�7   789+�(+ #�J��� ���0 �J��'� 

\�
�  #�;7889S�+ + �� #+�$� ���� �+� K1�9 +� #+�� ��_�� ��9.  ��

 ���� �9 Z�&�� #�8��X+ S����N /��
M�! &+ �M�� S�%N ��+

��_$�+�� �T�Q� .7�+ �$T�; �+�N   7��! .  

 fM�!SAIFI �+7Q� �=���� QjN�  w��$���g$%  "  ��� ��

 �j�+� ���5)1 (��#� ����!  �9��+�� QjN �+7Q� G9 SY%�� �1/ 

9�$:��� )∑
=

k

i

iN

1

 ( �+7Q� G9 ��9�$:��� (NT) �� 7!��..  

)1(  

T

k

i

i

N

N

SAIFI
∑

== 1

  
 fM�!SAIDI #��& QjN�  w��$���g$% �� "  ����=��  �7�

j��$� #��&� F��+ �� �QL�j� S�� x�$:� �1 �9 S�+/ �$JL+� IJ� 

��$��� ��+7� .fM�! ��+  �j�+� ���5 ��)2 (��#� ����!  ��+�� �9

  #�I�& p�I��� SY%�  �I1/  IQjN�  9�$I:��� (riNi)     �+7IQ� GI9 �I�

9�$:��� (NT) �� 7!��..  

)2(  
T

ii

N

Nr
SAIDI

∑
=

  
 �=�� fM�! fM�!#��&  IQjN�   x�$I:� wI��$� )CAIDI (

�� 7I!�� .+ I��     +�I� �&^ #�I�& wI��$� fM�I!/ &�� I����  "�I��P 

� #�:� +� #�9�$:�� 71�  �j�+� ���5 �� ")3 (��#� ���!�.  

  

)3(  CAIDI
i i

i

r N SAIDI

N SAIFI
= =
∑
∑  

fM�! �1��    I���� #�89�I� �I9�    QI`" �I� 7I!�S   " x�$I:�

!���M� �  ��!+ #0� .��9   F�I�+ �I� �J�0 #"7�/    " �I$T� SI�� &+ I�� 

��#+'   �EI� #+�I���   I!��  7I:��  IQjN &+�   ��I!+ +/ 89 I87 .� IJ�  &+

g�� ���� fM�! �1/ ���N�S �X+�.#�8  fM�I!      7I:� ����I� /F�I�+

)ENS (S�+ .+ #��"0 S�7� ���� � fM�!� #+�� F��+ �+7��/  �9�� 

QjN �l+� 9�$:� ���� ����G   �+�Q� +� S�+  7:���� ��9 .  

)4(  
1

LN

i i

i

ENS R L
=

= ×∑
  

 �j�+� ��+ ��Li  " w��$� ��� �+7��Ri �!���M #��& �� 7!��]14[.  

&�� �JY! ��_�� ��Y���Z  &+���= � \+71+��+ �i� � I��  �IL���  ��

T+71+ ��89� '1 78�����8 ���N ��Y�� " b
��S �X+� #�I8  SI�+ . +�I�/ 

&�� �JY! �� ��_�� �Y�����Z � I�&�       ��I� KI�( ��YI���� ��I��+ �I�

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
94

.4
.2

.6
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

26
-0

6-
27

 ]
 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.23222468.1394.4.2.6.1
https://jeps.dezful.iau.ir/article-1-108-fa.html


���� ���� -  �

��
�� �� ���� �������-  ��������-  ���! �"�- #�$%�& " '���(94   

 

48 

 

Jo
u

rn
al

 o
f 

N
o
v

el
 R

es
e
ar

ch
es

 o
n

 E
le

ct
ri

ca
l 

P
o
w

er
 -

 V
o

l.
 4

 -
N

o
. 
1

- 
au

tu
m

n
 2

0
1
5

 &
 w

in
te

r 
2
0

1
6

 

 
��� 71+�M .�� ��" �� �R�;d� �1/ &�� �JY! �"�_$� I�Z    SYI%� 7I8���

R/X  IIjM �� ^�I�]� �+CII;��� .�JYII!/ &II��� II! ���� �II1/  .�JYII!

L��Q$���� ! �+7Q� .����� �1/ PQ �� ^��� #+�� D"� &+ �1/ K�(   ���
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 ���;]15.[  

2-2- ���! 	8�<.  

N��� ���� �L�%�� + ��  7!�� .�L��� ��  & wI�+"� ���5 I��   �IH+�+

�� �!�7.  

1- N��� 8�+�$� ��! F�$L"/�1 �JY! : ���/�+��� � &+ b��8�� g$I% 
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 " 7��� ���$�+ ]�jM �� �Y��0 �� ��! S���� 7��� ���+�, S��"7��

 7�N ��+& �j�+� ���� S�+  7!  �+� #�:�:  

)6(  
,maxLi LiS S≤

  
�� 
�T �j�+� ��� ��Y� #+��/  wM &+i" �+   wIM G��� G��N 7,

i� �+�7!��.  

3- ����
4�0 ;'���U8$ 

��=L+�g$  PSO �e ��=L+�g$ ��$%R/  ��I�$R+�    &+ �I9 SI�+

"�/ ���$R+ ��$T�� �$�� �1/ S�+  7! �7� #�;7��(.  ��+ ��I=L+�g$ 

+��/ �%� G,�G ����8 &��/ |�jM��  4$� �I�� �I1�/ (� �$I�� +� ��I� 

S�+  7! .+ ���� �L��� �� D"� "� �1��8  &�I�/     7I8� " �IT71 eI�

 �+�N  ��_$�+ ���� �T717���; �� .+ &+ I�� + �� "� I��     �I�� .S�I%N

��� �I8  &�I�/     I���� ���I� �IT71 7I8��    SI�+ �I$T�; �+�IN .  GH�I%�

����8 &��/          .OI�$�� \7I1 ZI�+�� �I� �IR�� �I� }^�I�Q� �IT71 78�

r+�R �1/ ��8$�� 1 �9 7��+��~ � r+�IR &+ e   � �I� �I1� �I=/   bIL�|

��� !��87 .+��/   r+�IR #��"0 SI�7�  �I1/ + I��    &+ �$I�� "� ��cI%�

D"��1 �(���8: S�+  7! .D"� .�"+ �$�� �1��    ��cI%� �I9 78$%1

9�� �� +� �T71 78��b   7IY� \7I1 Z�+���G   ��cI%� �I�/    �IT71 eI�

�� 7889  T"�Q� �I9 ��I$� + �� D"� I��   #&" p�I��� D"� �$I��  �+�

�� 7!��. � �$����= D"� &+/�1  D"� .�IT71 78� GH�%� G,  �I1�� 

r+�R �9 78$%1 �1/     �I� " #��I� bIL�| ���_� &+  ��_$�+ �� +� ��c%�

� S�7� ��c%� \71 Z�+�� ���� �� �R��� 7��"0 D"� }^��Q� �9 �1/ 

���l��/ �� 78!�� .�$��� &+�� +�� D"��1 ��#+��  �� D"� �I�� �I8-

/&�� $�F �T71 78��e )NSGAII ( "����8/&��  p��$R+ �T71 78�

 �+�o)MOPSO (����  ��!+.   

+ ����  �L���+��/ T��
� r��$�+� >��( ���$��  �1)Global Best ( &+

�"7R &+ ����( kj�/78� ��T/ &�� Z��� [�
$M+ " >��(�Z  ���$,+

 �1 ���e ���M &+/�1 +����  I�  ��_$�+  7!�  ��I!.  +���I8��� + �� I�� 

+�!�w  �1 r��$�+ ���$,+�e ���M &+ /�1  & �IL��Q� &+ ����( ��YR I�� 

 �Y��������! ]10"9:[   

)7(  

1

( )
i

Pareto

k

N

N
N

k

e
P i

e

β

β

−

−

=

=

∑
  

 
�T �L��Q� ������  ���M r��$�+ ���$,+i .�+��   /�I��+ �+7Q�

 ���M �� ����( ��YRi .�+�	
��
� ���M G9      �I�YR /�I��+ �I9 ���I1

#0 �� ����( " 7��+� �+�N �1� �� r��$�+ b��` 7!��.  

�9 ��X ��� +�T�78 ��� �I8 /&�I� D"� �� /�I1   ��IJ$�+ +�IT/   �I�

����b & G,+���� ��7!�� ]16:[  

• +���� Q�R�S L"+��   Q�R �I�� �I1 �9 I�S ����  7I8  I�e   r+�IR
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 ��_��

)MWh( 

EENS 

(MWh) 

 b
� �8�'1

)�^�( 

g9 �� ����( ���  ����

b
� �8�'1 
41/842 383/44 �_5 

g9 �� ����( ���  ����

��_�� 
92/181 01/42 105 ×25/8 

g9 �� ����( ���  ����

EENS 
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Optimal Placement of Solar Power Plants in Distribution Network for 

Improvement of Loss and Reliability using Multi-objective particle 

Swarm Optimization Method 

   

Abstract 

The use of distributed generation resources is an effective way for responding to load growth and providing a certain level of 

reliability. Solar power plants are of widely used distributed generation systems. Due to the particular importance of logging 

out a system of operating mode, which can interrupt a large number of customers served, different reliability indices are 

considered. Installing solar power plants in a distribution network affects voltage at different points. Therefore, placement 

and amount of power injected by solar cells into busbars should be determined so that to have maximum impact on the 

distribution system in terms of improving voltage quality and enhancing reliability. The present study aimed to find a 

suitable place for a solar plant, resulting in reduced system losses and enhanced reliability indices, using multi-objective 

particle swarm optimization algorithm. The proposed method is implemented using the MATLAB software on the Billington 

system (RBTS). 

The results show that solar power plants can have positive effects, such as improving reliability and improving the voltage 

quality on distribution networks, depending on the specifications, technology and location of the network connection. 

Keywords: Solar power generation system, optimal placement, particle swarm optimization algorithm, distribution system, 

reliability
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