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• 7�I=��V � /��� :+"! �� 

g�Z ��" ��w" j:1 �M�� �� /��� /�1:+"! /�"F9 ��WX� ����� �1

 �%&�� ���-�)>�"�5�� �":�� ! �"<�� >��H ( �"��WX� ��" ����<�" !

 l5�� ��LOLE :��� ��.  

 ��g�Z !� ��" ! /��� <" ��" $�9:778:�b�� .��k�7�7� /����,�� 

 �#� �� "� ��5�� �i"�" �"<�� �"����7�7� ! :71��,�� �9!��� P8 �1

�� �*������� . }�? ���=7�" /��� /�1:+"! ��a+ /<�&b:� >#V

�� K� "� ��5 �,�� [��� ���� q�H� ! ���50 /��� :+"! �1 �8 ���

 �#� �� /N��" P���� <" P*H >����� �i"�" �"��� �#� ! :1� �"���

 �%�"�5�� P8 ��� <" "� /��� /�1:+"! /:�b�� /�1��#7��G O����

 $�8�%��)} (�� �8 ��w" z��"�� "� �%�"�5�� $"��  :����H�� ! :78

 �9!��� �� P��8��k �"<���� x�
%5" /�����k /�1:1� . �M�"� q*Z

)16( :� �T7� ��� ���w �� /��� /�1:+"! ��a+ >T9 $"�� �� �

>�"  :�.  

)16(  } � t �'.~C@��f�8 � t ��O }  :$�8�%�� �%�"�5�� ��� P8  ∑ �'.~C@��f�8  : �9!��� /:�b�� $"�� O����/��� /�1  ∑ ��O  : �9!��� /:�b�� $"�� O����/�����k /�1  


�� :�b�� ���w ��J�G �":�� <" J�� /��� �7��)�'.~C@��f�8 ( ��

�� �T7� �� >*~� ���-� 4:� ����" t��� �8 .$0 <" �%�8 :�b�� .���

 �#� "� PL�� ��" . :� ���-� /�1!�<� <"  ��T%�" �� :��� �%&�� �"���

j�
�  :#��� !�<� l�
�� �7�I1 �L7�" }�? �� ! :78 $"�*V-

�� $�9:778:�b�� .:��� 4:� $!:� �M��� �� �"<�� �� $�9:778

�� >8�� >�-MH:778 .�9!��� �!�!  ��k �%��H� �"<�� �� /��� /�1

P��8 .>8�� >��H ���-� ��:H:778 :�b�� �� �1  �� �"F9 ��WX� /�1

�� J1�8 "� �"<��:1� .g�Z /<�� ��*� ����a+ /�1  /�1:+"!

/��� :�b�� >�-MH 4:� J��G . �9!���#� �� /��� /�1 �%&��  :

>�"  :� }�? �L*� !�<�.  

 �� /<�� ��*�"� /��� :+"! �� �!" ��+�� �� ./��� /�1:+"! ��a+ 

� �L*� �:3�U� ��:+"! $��1 4!� ��+�� �� ! ��78 "� /��� /�1

8+,?+�6 �� U�%7� /��� ��k /�1:+"!��78 . ��~� $"�7� ��3  :+"!

 ��050  !  ��8 jF+ "� ��"!�=�3  /:�b�� $"�� �~8":+ �� /��� :+"!

 :+"!�150 �� ��I=��V "� �"!�=���78.  

6 - ���� 8��A�:�J4 �������  

6 -1 - �!� � !�� �3�A%  
�%&�� /!� �� �-b�M� ! ����� ���9�1 /"����:H /�1<��� .  ��

>�" /<�&b:� >#V �L*� K� ���;Z" . ����� �-b�M� ��" ��

 >&� �L*� /!� �� ��-b�M�)IEEE(RTS-24BUS >�"  :� 4���" 

]19[ . ��" /"�"� .�L*�11  O���� �8 >�" /���"��N z��32  :+"!

 ��  :� U
� >�?�\ ��7f�1 .:7%&1 ��%&� �#�0 /!� �� /���"��N

 �L*� ��"3405  $0 ��� K�G !  ��� �"!�=�2850 >�" �"!�=� .

�"� z��" �� �1:+"! ��" ���;Z"  �L*� /�1]19[  �!:V ���w ��

)1( >�"  :�  �"� J���� . �"�� /�1 :�b�� /" ����+ �7�I1 �� v���

 [V�� <" I�� �1:+"!]18[ >�"  :� m"��%�" .  

�!:V )1:(>&� �L*� /:�b�� /�1:+"! ���;Z"]19[  

>�?�\)�"!�=�(  :+"! O��  �":-�   m!�5 ���

/��*V"  

�7�I1 ����+/" 

($/MWh)  

12   ���"�+  5  02/0  7/94  

20  ���"�+  4  1/0  4/109  

50  ��0  6  01/0  2/66  

76  ���"�+  4  02/0  140  

100  ���"�+  3  04/0  7/94  

155  ���"�+  4  04/0  2/123  

197  ���"�+  3  05/0  7/94  

350  ���"�+  1  08/0  2/123  

400  �%&1/"  2  12/0  1/99  

6 -2- 	�� ���!*#%  
�%&�� $�7��Z" >����H ����<�" �� ��� /<�&b:� ���-� ! ��:H /�1

�� ����" ! �#� ��w" <" 
�� �"<�� >��H:��� . <" ����� ��" ��

 ��"<!� ��� K�G ���;Z"]19[ >�"  :�  ��T%�" . K�G �":�� ���%���

 ��"�� ��"<!�2850 �"!�=�  ��"<!� K�G �":�� ���%�8 !6/1485 

�"!�=�  ��� K� ��)�-b�M�  �!� (:��� ��.  

6 -3- �	�	 	�#L% 8��A� 0�	  
�%&�� �����%+" ����1 ��:H /�1 m��5 z�%�� <" .��"�5 $:�

J�G ��� ���`� �� ! /:�b�� /�1:+"! :�� �7��. ��"� ��V! . �-��� ��

 �9!��� <"  ��T%�":�b�� �� >�-MH 4:� /"�"� ! ��FG:�:�� /�1.  ��

 �9!���  y�!Jb�p ./��� /�1�L*� /�":��G �T+ /"�� /:V /�1 /�1

�� ����" ��:H���.  "� <" �L��� �"�W" ��" J1�8 /"�� �W�� /�1 

�%&�� /"�� :�b�� !�<� �%?�9�Y��� ��:H /�1:��� . $�5�p !�<�

)SR (�%&�� <" >\�T+ /"�� �#� [*7� K� $"�7� �� ! ��:H /�1

>�"  :� �%5�7� .�L*� $�7��Z" >����H ��*#� /"�� ����� . ��

 .��� [MH �� �%?�� J1�8 $��:�b�� :+"! :7p �� :+"! K� �8 ����w

 ��5S :��� � �� �?�8�%�"� ��V! �1:+"!���K� �� �� :���  $��<
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$"�*V "� $"�� ��*�8 .l���:778 . .����%�" <!� ��� K�G !�<� �":��

J�G ��� K�G <" /:w���� ���-� <!� $��1  :� �7����� . ��" ��

�Y� �� /�%�8 !�<� E!��� �%?�9�7�I1 ! ����%&�� /�1 I�� :�b��

�� J1�8:��� .�-� ����� ��" �� ��a+ ��WX�  :�  �9!��� /��� /�1

)��>�?�\ �~8":+ /:�b�� /�1150�"!�=� ( �"���`� ��  "��1

)J�"I?" (���� !�<�<�"���9�"�H ���� .���� !�<� $"I�� �� �L*� <���

 �9!��� <" >��W /:w�� ���w�� �%?�9 �Y��� /��� ��k /�1��� . �1

��*��Y��� $!:� ":%�" /<�� !�<� �%?�9�� 4���" �� �� ��"�" �� ! ���

  ��5S ����+4%.8%!13% �� 4���"��� .}�? :� �8 >�"

>8�� !�<� ���X� ���&� .:��"���a+ 
�� �"<�� �� �8 /�����k /�1

��:7���. 

7 - :�J4 T+� �����  

7-1- :�J4 T+� �������� 	
�� ��#� :(J4 ����-

$%�&��' � ���	 	���� 	� ���� ���  
 "� >&� �L*� ":%�" :778:�b�� ��a+ $!:� �Y� �� �� ./��� $"�� /�1

 �%?�9J�8 ! �1!�<�/�1���� �%��H�Y� .��*�!  ��8 /<�� 

 /�1�%�"��G>����H l5��$�7��Z" LOLE.  ��=�����"<�� >��H  !

�.$�9:778 j�
� �%�"�5����� ��=��� >b�+ �� �*���� h�%�� /�1

�� >*W !���.  :�0 >�:� u��%�  "���*���� /�7*�  ! �%?�9 �Y� ��

 /��� $"�� S�T� ����" ��g�Z ��/�1 ���`� .h�%���" >��H. LOLE 

 ����� �1��%8�? �=�� !�����.  �!":V ��  :�0 >�:� u��%�)2( .)3 (

 !)4( >�"  :� >*W.  

 �!:V u��%� q*Z)2( l5�� u��%� .LOLE >b�+ ��" �� $��� :1�

 ��J�8 ! !�<� �":�� J�"I?"�%��H�,���.  l5�� ��"�*#� �� !� /�

>�" �%?� J�G.  

�!:V )2 :( l5�� ������LOLE  �L*�RTS /��� /�1:+"! ��a+ $!:� .

P��8��k �%��H� �"<�� �� 

g�Z  �9!��� ��a+ $!:�/��� /�1  

�%�"��G LOLE 

Ed             
!�<�  0 4%  8%  13%  

05/0  261/279  874/201  712/75  664/27  

05/0 010/279  510/201  494/75  446/27  

15/0 785/278  219/201  494/75  300/27  

2/0 602/278  491/200  494/75  645/26  

�!:V )3:( 
�� �"<�� >��H ��=���� /"�� j�
� /�1:+"! ��a+ $!:� . :778

P��8��k �%��H� �"<�� �� /���  

g�Z  �9!��� ��a+ $!:�/��� /�1  

�%�"��G �"<�� >��H ��=���� )$/MWh(  

Ed             
!�<�  0 4%  8%  13%  

05/0  821/2111  983/2148  678/2189  050/2248  

05/0  291/1106  686/1124  820/1144  525/1173  

15/0  189/771  316/783  594/796  462/815  

2/0  727/603  676/612  508/622  506/636  

 !�<� �7�I1 �L7�" �� �V�� ��j�
�  :#� �� >�"  :� }�? $�9:778

 �!:V u��%� q*Z !)3 ( . J�"I?" !�<� �":�� J�"I?" �� �"<�� >��H

! �%?�� J�8 J�"I?" �� $�%� �1 ���%��H�,���.  J1�8 �"<�� >��H

 �%��H� /�1�"<�� /n�� /��FG ��WX�  :71� $��� ��" ! >�" �%?��

�� �,��� �%��H J�8 <" P��8��k:���. 

:V�! )4:( j�
� �%�"�5�� $"�� ��=���� ��a+ $!:� .�"<�� �� $�9:778

P��8��k �%��H� �"<�� �� /��� /�1:+"!  

g�Z  �9!��� ��a+ $!:�/��� /�1  

�%�"��G  �%�"�5����� ��=����)MW(  

Ed        
!�<�  0 4%  8%  13%  

05/0  773/2009  915/2007  880/2005  962/2002  

05/0  735/2004  896/2002  882/2000  012/1998  

15/0  686/1999  867/1997  875/1995  045/1993  

2/0  619/1994  829/1992  862/1990  063/1988  

  

 q*Z u��%��!:V )4( .�� ��Y%�" �8 ��M���1 J�"I?" �� >?�Ed 

)�,��� �%��H J�8 (��� ��=���� �%�"�5��8 J1���7f�1 ! �%?�� 

 �%�"�5 �� $"�� ��=���� .>��H J�"I?" $0 �G �� ! !�<� J�"I?" ��

j�
�$�9:778. �� $��� "� J1�8:1�.  

7-2-  �#4 :3�U�3  � ���	 	���� 	� ���� #���

$%�&��' 

 >&� �L*� �� ��+�� ��" ��3  $"�� �~8":+ �� /���  �9!���

/:�b��50 �� �?�," ��"!�=� �� $�9:778:�b�� O���� ! ���35  :�b��

�� J�"I?"  :778:��� .u��%� ��*���� �!":V ��)5( .)6 ( !)7(  >*W

>�"  :�.  

 >����H �� !�<� �W�� J�� ./��� /�1:+"! $:� �?�," g�Z ��

�� "� P��8��k �%��H� �"<�� �%&�� $�7��Z"��8  :1��� $"�� . ��" ��

>8�� /�1:+"! �":-� J�"I?" �� �V�� �� g�Z .�"<�� ��  :778 ���%+"

:+"! m!�5 ��8�� J�"I?" I�� �1 :�b�� �� >�-MH 4:� �?�Z <" ! :���

 l5�� J�"I?" t��� /��� /�1:+"!LOLE �� J�"I?" ���" .���

 �%&�� $�7��Z" >����H l5�� >&�"�� .!�<�)LOLE ( J1�8 "�

:��� ��*#� !  �"�.  

�!:V )5:(  l5�� ������LOLE  �L*�RTS :+"! �� $:� �?�," �� . 50Wy P��8��k �%��H� �"<�� ./���  

g�Z   $:� �?�,"3  /��� :+"!50 ��"!�=�  

�%�"��G LOLE 

Ed            
!�<�  0 4% 8% 13% 

05/0 978/286 782/200 693/74 208/26 

05/0 680/286 418/200 620/74 135/26 

15/0 436/286 200/200 620/74 771/25 

2/0 074/286 254/199 547/74  480/25 
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�!:V )6:( 
�� �"<�� >��H ��=���� /"�� j�
� �� $:� �?�," �� . :778

 :+"!50Wy P��8��k �%��H� �"<�� ./���  

g�Z  $:� �?�,"3  /��� :+"!50 ��"!�=�  

�%�"��G �"<�� >��H ��=���� )$/MWh(  

Ed             
!�<�  0 4%  8%  13%  

05/0  660/2068  667/2104  077/2144  314/2199  

05/0  824/1084  638/1102  132/1122  399/1149  

15/0  983/756  708/768  528/781  517/799  

2/0  176/593  808/601  282/611  624/624  

�!:V )7:( j�
� �%�"�5�� $"�� ��=���� $:� �?�," �� .�"<�� �� $�9:778

 :+"! ��50Wy P��8��k �%��H� �"<�� ./���  

g�Z  $:� �?�,"3  /��� :+"!50 ��"!�=�  

�%�"��G  �%�"�5����� ��=����)MW(  

Ed             
!�<�  0 4%  8%  13%  

05/0  931/2011  131/2010  160/2008  398/2005  

05/0  882/2006  100/2005  151/2003  424/2000  

15/0  817/2001  058/2000  135/1998  437/1995  

2/0  729/1996  003/1995  108/1993  439/1990  

�� ��" $"<�" /�1:+"! J�"I?" �� g�Z�� ��  ! �L*� J1�8 ��a+

 .$"�9 /�1:+"!>?"  ��%?" 
�T�" >��H $0 �G �� !  ��� $"I��

 >*&� �%�"�5�� ��[V�� >b�+. �%?�� J�"I?" ! ��"  �,��� J�"I?"

�� l5�� J�"I?" �� ��7� :�"��LOLE ���.  u��%� q*Z �L�b�+��

 �!:V)5( l5�� .LOLE >�" �%?�� J1�8.  

7-3 -  #��� :� �� ���� ������� :� ��+,?+�6 T+� �

��G 
� /��� $"�� S�T� �W" �%#� J���� >#V�  �%��H� �"<�� �� �L*�

��*� "� �L*� .�7�I=��V g�Z >�� .P��8��k/<�� u��%� !  ��8

 �&��������� . [��7� ��*�8 �� �V�� ����0 s0 >�?�\ �� >��!:�� .

 ��5S�1:� >�G ��  :� >&�< �"�W" !  ��T%�" �M�����%&�  <"

0}�? .�H�� $"�� :�b�� /"�� s :� jF+ �� ��*�� �8 >�"3 :+"!

 �7�I=��V ! ��03/���  �9!��� 50�"!�=�  �����" . .�7�I=��V g�Z ��

��� /���`� �H�� $"�� $�9:778:�b�� �":-�:78 ." ����*� �� /<��

�� ��0 /�1:+"!FOR � 0.01  jF+ "� /�1:+"! $0 /��� !  ��8

 /���4:� /"�"�:�b�� �� >�-MH  !FOR � 0.05 ��I=��V>�"  :�. 

 �!":V �� �7�I=��V g�Z u��%�)8( .)9 ( !)10 (>*W>�"  :�.  
�!:V )8:(  l5�� ������LOLE  �L*�RTS :+"! �� $:� ��I=��V . 50Wy P��8��k �%��H� �"<�� ./���  

g�Z  $:� ��I=��V3  /��� :+"!50 ��"!�=�  

�%�"��G LOLE 

Ed            
!�<�  0 4%  8%  13%  

05/0 077/277  720/201  731/76  710/37  

05/0 792/276  517/201  586/76  346/37  

15/0 542/276  219/201  367/76  201/37  

2/0 275/276  0174/20  440/76  910/36  

 $:� ��I=��V ! >�-MH /"�"� ��0 /�1:+"! jF+ .u��%� �� �V�� ��

 t��� /��� $"�� :�b�� �� $�����G ! >�-MH 4:� /"�"� /��� /�1:+"!

��WX� $�9:778:�b�� �=�� �"<�� ��:H  :� ! ��� �%��� .�"<�� �� �"F9

:���=� ���%5" �� "� P��8��k �%��H� �"<�� :�b�� <" /�%��� �#� . ��

� �� I�� >��H J�"I?" .$�9:778:�b�� �5�� �"<�� ��:H J�"I?" �� �V�

>b�+ 4��� >�"  ��%?" 
�T�" [V�� �� >*&� g�Z /�1 �Y� <" �8

�� ���� s��M��� /��" $�9:778 j�
����.  

�!:V )9:( 
�� �"<�� >��H ��=���� /"�� j�
� �� $:� ��I=��V . :778

 :+"!50Wy  �%��H� �"<�� ./���P��8��k  

g�Z  $:� ��I=��V3  /��� :+"!50 ��"!�=�  

�%�"��G �"<�� >��H ��=���� )$/MWh(  

Ed             
!�<�  0 4%  8%  13%  

05/0  122/2308  536/2347  381/2393  055/2466  

05/0  0452/120  548/1223  030/1246  709/1281  

15/0  093/836  953/848  647/863  016/887  

2/0  161/652  705/661  531/672  716/689  

�!:V )10:( � ��=����j�
� �%�"�5�� $"� ��I=��V .�"<�� �� $�9:778

 :+"! �� $:�50Wy P��8��k �%��H� �"<�� ./���  

g�Z  $:� ��I=��V3  /��� :+"!50 ��"!�=�  

�%�"��G  �%�"�5����� ��=����)MW(  

Ed             
!�<�  0 4%  8%  13%  

05/0  958/1999  987/1997  695/1995  261/1990  

05/0  959/1994  009/1993  761/1990  193/1987  

15/0  950/1989  021/1988  817/1985  312/1982  

2/0  932/1984  023/1983  858/1980  421/1977  

"I?" ��  "��1 .�7�I=��V g�Z ��" �� >*W I�� �,��� J1�8 .>��H J�

 :�>�" . l5�� ���"LOLE  /�1!�<� ��0  !4%  "� �iIV J1�8

>*W ��8 l5�� .!�<� J�"I?" �� �b! :�"LOLE  �7�I=��V g�Z

3>�"  :� s��M��� ! �%?�� J�"I?" [V�� u��%� �� >*&� ./��� :+"!. 

"! �7�I=��V g�Z ���� .��0 /�1:+"! /��� /��� /�1:+P�b� �L7�"

��� ! :�b�� �7�I1m!�5/�1:+"! ���� <" �%�8 ��0 /�1:+"! /��*V" 

�� �%7��7�I=��V �?�Z <" ! :��� /��� /�1:+"!  4:� /"�"� �8

 $���� ! >�-MH n�� �� �%7� /�1:+"! ��a+ t��� .:7%&1 :�b�� ��

�7�I1 :�b�� /�%�"�9 ��� !m!�5��n�� /��*V" �����%� �� .���. 

�7�I1 �%&�� ���#� /)�"<�� >��H J�"I?" ( l5�� !LOLE  �%&��

�%?�� J�"I?" >�".  

8 - :K� �����    

" :�  �"� $��� �-b�M� ��" �� ��8 ��Z �� !�<� l�
�� :w�� J�"I?

�� .�%&�� "� �%&�� $�7��Z" >����H :�"����*#� J�"I?" !  �"�

J�8�%��H �,���)|L�j�
� P�-b"�� $�9:778 >��H �"���`� ��"��

�"<�� (�� �"<�� >��H J1�8 ! �%�"�5�� ��� J1�8 t������.   

�?�," .P��8��k �%��H� �"<�� �� /��� /�1:+"! $:�  "��1�� 

���Y�!�<� �%?�9 �� . �":�� �1�%�"��G ��1 ��WX�>*~� �%�"�>�" .

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
96

.6
.1

.1
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

26
-0

6-
27

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.23222468.1396.6.1.1.8
https://jeps.dezful.iau.ir/article-1-142-en.html


���� ���� -  �

��
�� �� ���� �������- ������-   �����!"-  ! ��#� $�%&���96   

 
 

10 

 

Jo
u
rn

al
 o

f 
N

o
v
el

 R
es

ea
rc

h
es

 o
n
 E

le
ct

ri
ca

l 
P

o
w

er
 -

 V
o
l.

 6
-N

o
. 

1
- 

sp
ri

n
g
 &

 s
u
m

m
er

 2
0
1
7
 

 
l5��LOLE  >��H !.$"�� /�,��� J�"I?" �� �%+ . J1�8 ! �%�"�

"� s��M� u��%� �"<�� >��H ! �L*� $�7��Z" ��. ��$"��  :1�����8 .  

u��%� ��I=��V g�Z� /��� /�1:+"! $:���0 /�1:+"! /��. $����"� 

 �9!��� �7�I=��V �8/��� /�1.  l5�� J�"I?" t���LOLE  >��H !

 :� �"<��. /"�� ����M��� u��%� �8 ! �"<�� �� s�&�� �L*����.  

 ! 
�� �"<�� >��H J1�8 ��Y7� �� P8 �� ��*#� $�7��Z" >����H

�%&����:H /�1.  :��� $��I�1�1:+"! �":-� J�"I?" �� !  >�?�\

/��� $"�� :�b��. g�Z <"  ��T%�" ! �1!�<� l�
�� ��/�����8 /�1 

.U��7� �%&�� $�7��Z" >����H ! �"<�� >��H  ��:H >�-,! �� "�

�%&�� ! �"<�� $"�=�<�� /"�� �b�*H P��H��:H /�1.  �"�H�"�.  

 ��"�" $"�7� �� ��7f�1���< ��"�� .q��� �� ��#7��G:���9:  

1 (��  $"�� $��� ������ ! �?��
� >�1�� PL�� �%#� [?� ��Y7�

�� /����%&�� <" $"�� �#� /N��" <��  ��5S /�1  {�7��M� �8 ! ���

 l5��LOLE "�5 ��*#� "� $�7��Z" >����H1:���� :.  

2 (>5�� J1�8 ��Y7� �� !�<� <" �%�8  ��T%�" ! ���&? /�1

�%&�� /�1�� .��:H �9!��� j;%i" g�Z $"�� �9!��� �� /��� /�1-

�"� ��#7��G "� /�����k /�1. 

2 (���Y��� �� $"���%&�� ! 
�� �"<�� <" /�%��� ���H �%?�9 /�1

��:H. r��w u��%� �� .���%�" v�M5 ! �"I�#�� ���H :7���g�Z ��-

 ��a+ /�1 /��� /�1:+"!>?�� >��. 

3 (��$�L� �� $"��� �9!��� �":+" r��w ����L*� �� /��� /�1. 

���%�" v�M5 ��T�� ! �L*� ��� �� >*&�. >��� u��%� ��:��� /��. 

4 ( /��� /�1:+"! �":-� J�"I?" ��  :� ��I=��V g�Z ���7�I=��V 

>?�� >�� /�%#� u��%� �� $"�%� :���. 

5 (���W" $"��ESS1 �� "� �>�?�\$"�� S�T� h�%�� /�1  /���

�������8.  

6 (��l5�� <" ��0 ��-b�M� �� $"���=�� /�1 ����<�"  >����H

�%&�� $�7��Z"��8  ��T%�" ��:H /�1.  

i6��%  
[1] www.gwec.net/global-figures/graphs 
[2] Baringo, Luis, and Antonio J. Conejo. "Risk-

constrained multi-stage wind power investment." 
IEEE Transactions on Power Systems 28, no. 1 
(2013): 401-411. 

[3] Nasri, Amin, Antonio J. Conejo, S. Jalal 
Kazempour, & Mehrdad Ghandhari. "Minimizing 

wind power spillage using an OPF with FACTS 

devices." IEEE Transactions on Power Systems 29, 
no. 5 (2014): 2150-2159. 

[4] Shahooei, Zagros, Mahmud Fotuhi-Firuzabad, and 
Ali Abbaspour. "Reliability improvement of power 

system utilizing BESS with wind farm." In 
Environment and Electrical Engineering (EEEIC), 
2015 IEEE 15th International Conference on, pp. 
1120-1125. IEEE, 2015. 

[5] Liu, Yangyang, Chuanwen Jiang, Jingshuang Shen, 
and Jiakai Hu. "Coordination of hydro units with 

wind power generation using interval 

optimization." IEEE Trans. Sustain. Energy 6, no. 2 
(2015): 443-453. 

[6] Banaei, Mohsen, Majid Oloomi Buygi, and 
Hamidreza Zareipour. "Impacts of strategic bidding 

of wind power producers on electricity markets." 

IEEE Transactions on Power Systems 31, no. 6 
(2016): 4544-4553. 

[7] Rajeevan, A. K., P. V. Shouri, and Usha Nair. 
"ARIMA modeling of wind speed for wind farm 

reliability analysis." In Emerging Research Areas: 
Magnetics, Machines and Drives 
(AICERA/iCMMD), 2014 Annual International 
Conference on, pp. 1-5. IEEE, 2014. 

[8] Haroonabadi, H., and M-R. Haghifam. "Generation 

reliability assessment in power market using fuzzy 

logic and monte carlo simulation." In Intelligent 
Systems Applications to Power Systems, 2007. 
ISAP 2007. International Conference on, pp. 1-6. 
IEEE, 2007. 

[9] Haroonabadi, H. "Generation Reliability 

Assessment in Electricity Markets using Market 

Power Concept and Neural networks." (IJSEAS) – 
Volume-2, Issue-9, September 2016 

[10] Parvini, Zohreh, et al. "Operational Reliability 

Studies of Power Systems in the Presence of Energy 

Storage Systems." IEEE Transactions on Power 

Systems 33.4 (2018): 3691-3700.  

[11] Ajalli, Majid, and Abolfazl Pirayesh. "Effect of 

wind units on market clearing price, transmission 

congestion and network reliability in transmission 

expansion planning." The Journal of Engineering 

2018.5 (2018): 304-315.  

[12] Liu, Xian, and Wilsun Xu. "Minimum emission 

dispatch constrained by stochastic wind power 

availability and cost." IEEE Transactions on Power 
Systems 25, no. 3 (2010): 1705-1713. 

[13] Kwon, Soon-Duck. "Uncertainty analysis of wind 

energy potential assessment." Applied Energy 87, 
no. 3 (2010): 856-865. 

[14] www.sotaventogalicia.com 
[15] Sulaeman, Samer, Mohammed Benidris, and 

Joydeep Mitra. "Evaluation of wind capacity credit 

using discrete convolution considering the 

mechanical failure of wind turbines." In 
Probabilistic Methods Applied to Power Systems 
(PMAPS), 2014 International Conference on, pp. 1-
6. IEEE, 2014. 

[16] Daniel, S. K., and Strbac Goran. "Fundamentals of 

power system economics." John & Wileys Sons 
Ltd., London (2004). 

[17] Haroonabadi, H., and M-R. Haghifam. "Generation 

reliability assessment in power markets using 

Monte Carlo simulation & soft computing." Applied 
Soft Computing 11, no. 8 (2011): 5292-5298. 

[18] Cost, EIA Levelized. "Levelized Avoided Cost of 

New Generation Resources in the Annual Energy 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
96

.6
.1

.1
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

26
-0

6-
27

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.23222468.1396.6.1.1.8
https://jeps.dezful.iau.ir/article-1-142-en.html


���� ���� -  �

��
�� �� ���� �������- ������-   �����!"-  ! ��#� $�%&���96   

 
 

11 

Jo
u
rn

al
 o

f 
N

o
v
el

 R
es

ea
rc

h
es

 o
n
 E

le
ct

ri
ca

l 
P

o
w

er
 -

 V
o
l.

 6
-N

o
. 
1
- 

sp
ri

n
g
 &

 s
u
m

m
er

 2
0
1
7
 

 

Outlook 2017" Energy Information Administration 
2017. 

[19] Subcommittee, Probability Methods. "IEEE 

reliability test system." IEEE Transactions on power 
apparatus and systems 6 (1979): 2047-2054. 

 
 
  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
96

.6
.1

.1
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

26
-0

6-
27

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.23222468.1396.6.1.1.8
https://jeps.dezful.iau.ir/article-1-142-en.html


���� ���� -  �

��
�� �� ���� �������- ������-   �����!"-  ! ��#� $�%&���96   

 
 

12 

 

Jo
u
rn

al
 o

f 
N

o
v
el

 R
es

ea
rc

h
es

 o
n
 E

le
ct

ri
ca

l 
P

o
w

er
 -

 V
o
l.

 6
-N

o
. 

1
- 

sp
ri

n
g
 &

 s
u
m

m
er

 2
0
1
7
 

 

 

 

 

 

 

 

Effects of Wind Power plants on Energy Price and Power Systems 

Reliability in Imperfect Competition Electricity Market 

 
Masoodreza Habibi1, Hossein Haroonabadi2,* and Ebrahim Khorram2 
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Iran 

 
Abstract:The benefits of wind power generation have led to an ever-increasing expansion of 

wind farms around the world. The low cost of production and the environmental benefits of 

wind farms are some of the main reasons for using wind energy. On the other hand, 

uncertainty costs in the production and control of the output of wind turbines are among the 

problems that are being encountered for electricity operators and markets. One of the basic 

measures to increase the penetration of wind power is to study the effects of this penetration 

on the restructured power grids. In this study, the effects of wind power plants on the market 

price and power system reliability in generation sector is evaluated in the one-year period.  

The proposed method is tested on IEEE-RTS 24 bus network and it will be tried to obtain 

more realistic results compared to the market and reliability of the network, taking into 

account the different Reserves percentage and price elasticity of demands. In simulations, the 

effect of network reservation uncertainty is considered. Also, Monte Carlo simulation is used 

for wind modeling. This study attempts to compare the results of adding and replacing wind 

power producers in the grid to assess the changes in the system reliability and market 

efficiency. The results indicate a positive effect of concurrency of allocation of reserves and 

proposed schemes on reliability and market efficiency. 

Keywords: Wind Power plants, Power Systems Reliability, Electricity Market, Monte Carlo 

simulation. 
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1
 PDF : probabilistic Density Function 

2
 Cut-in Wind Speed 

3
 Cut-out Wind Speed 

4
 Rated Wind Speed 

5
 rated power 

6
 Imperfect Competition 

7
 Nash Equilibrium 

8
 Cournot Model 

9
 Bertrand Model 

10
 Supply Function Model 

11
 Marginal Cost 

                                                                            
12

 Marginal Revenue 
13

 Levelized Cost of Electricity 
14

 Available Generated Power 
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