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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:+"!
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Effects of Wind Power plants on Energy Price and Power Systems 

Reliability in Imperfect Competition Electricity Market 
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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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