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�� "��� � #�$ %��$ ���	�� � �&��� "��� 	��&�'�(� ��)�
�! ���*���&&�   
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+�,-.: /�0,  	��)�  ���12 3� 4!������ 56	�$ ���+�78 "�� 	�� ����� �! ��� �������� 3�'�(� ������ ���  �	

�� %,-�2�&�
 .������ ��� �,��� ���3: �&� 	�,0� 6	�$ /�0,  ������ ���; 	��)�  �� <,=�2 ���� �� � � . ��� +3����

������+�	 *��&8 �� ��/�0,  6>-�� �)�� #�	 ���� : �&� �?
 @��� ����� 	��)�  ���12 6	�$ ����&�0� . ������ 3� '��

A�2 5���
�� ��	���� � �&��� ����7� �� ���
�� *��2 �, .B�	 ���C� �� +�>8 �A�D� ��� 	
 �E; ���,��-� 5	�� ����� �! ���

/� ���;������� � ���
�� ��	��� ������ *��3#�$ %��$ ���	�� � �	����� 	�� ����� �! ���/ �G�	� "�����
�H  �� +�>8 ��

�&��� "�����)�
�! ���� � +�H /�0,  *�&,7I� �,?��$ "����� � 	�� �&J&� *�H K�0� :=  5.  

+L�� ��� ��,?�: 5���
�� ��	��� �&,7��&��� �3�  5�
�E&�,! ����! 5�	����� 	�� ����� �! %��$ 	�� ����� 

#�$/"���.   

  

1 - ���D�  

  :��);;����< <�;;� 
�;;�1 (DSM) =�>? @��;;!;;�<  �;;A�� <;;��  �;;/

</�! �A( ��� 
��( B����  � 
�)�� 
��� .
�� C��� "��2  �;%�3   �;� �


���9 �( *��D�  ��/ �2 �/ )����6 ��� �
 �2E( ���
 ����    .�;>��0 �;�

C��� #* � "�9)66/� "�!��F �
  GA��?)66/.  

I .�� 
�5/ 
� (:��� C��� ���2 �)! @�=� �� (��� ��E�� @�$��#

������ (��0��� 
�� <�� <���)� (�A   �?�;J 
�;K6�   (:�;�� 
� ���;0

 ��0� �+��#+=��
��.  

GA </
�5� C�;�� "��2       2�  ��L#;�� �;� M��;* 
�2�;� 
� "�9);66/

�4���I ��������  �;����� 2� G�� .
�� (�;A  �4�;��I��   
��N;O� 
�;�(2  �

                                                
1 Demand Side Management 
2 Emergency Demand Response Programs 

������ �A(  PN7 @��7�� QA�/3  RA QA�;/ �� ��6�� �;6  �;A( =�� ;�)( 

 �%� �+S! @�#$� 
����(ISO)
4 6U�A ��� RA��6 �A(  ;#F���I�   ��;F

�%�3 �� ��!. 

� �   ����;� 
� 
�;� C��� QA�/ .
�� ���4���I 2� C)A ��/
�D

 ������<�� .�� �/ ����� ��  <�;� 2� ���4���I V��WI XS� )����

C���  ��;F YN� 
� 
�� <��7 
� ���B� .��! "�9)66/   �;/ �;!��?

������ (��0� �� � 
�� �>7�� <��7 ��B#� <>�SD �4������  ����;5� (�

 #;5� "��/ �O�
 
�K6� ��     ����;� 
� "�;5?��� QA�;/ (��;� "���

 ������<��  .  

V�
 �)#�� �=��� ��� 
��6��/ (�A�6�RA (2��   � (��%6;5�I (�;A

 @��7 (�A
�� � (
��NO� 
�� ���4���I V�
 Z��F �� 
�� ���4���I

   <;�� �;#?�9 
��;7 ��
�� �
�� .QA�/ �� PN7 .    �;O��
 �);� [\;�

                                                
3 Interruptible/Curtailable Services 
4 Independent System Operator 
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������ � (
��NO� 
�� ���4���I (�A   "�;�� QA�;/ �� PN7 @��7 (�A
��

����! .����� 
�.  ;$� @* V�
] �;NF V�
 � �=    �;6�RA P��;� (2�;�

�;;� ^;;�� ();;�=�� (�A);;*����;;! . �;;F3 
� ���;;0� <;;%0(  �;;�����      

  ��;+� �#?�;9 �K� 
� �� �A)*�� </
�5���R RA� �;6  �;A( I� ��%6;5(  �

6U�A�� ��0�( GA� "��2 ;��  ��;+���R   �;����� �  �;A(  4�;��I���   
�;�


��NO�( �A
�� �(  P;N7 @��7/ QA�;/. 6+� 2� ;�`  �;����� 
 ;�R(   ��);��

�J�Y a ���J��Y5 )MILP(   ��L#���� ��;! . I �);�� ��%6;5(  
�

 ������MATLAB I� �� �  )! V�
 2� �F�! � ��V )Branch and 

Cut ( �/�+� V�
 2� �A(   @c�;$� @* 
� )�3
�/MILP  <;��  ��;�( 

<��  )!  ��L#�� �=]$� @*. 

2- �&,7��&��� �3� �
�E&�,! ��� 

�A
�2�� X�a� 
�( :���( �#+=��+�  ��;�(     ��;+��� �;N�� "�
�3 <;�)�

��;;+� 2� 
�2�;;���R �/��;;6 2�;;�( RA��;;6 �;;A �;;6S� �;;�( I���%6;;5(�A 

=���"�9)66/) )OCM( �  ��L#��� ��! .���  ��;+���R  )�� 2� );>� ;�) 

� 
�� <>6J 
� 
�#F����#5��       ��;0� �;� � <;�� �#;!�� �
  ��L#;��

3 ���
�/  ��� 
� ���L�" �A
�2�� 
�( ��S� ."�9���9�  �;K�( � ��;$+� 


�#F�� P7�� 
� � �#!��( ������ �� ���5�  �A)*�� </
�5�) (UC  �
��

�A
�#F�� 
� �/( ����( #6��6    ;� 
��;7  ��L#�� �
���  <;?�9   �;/

>O��< �A)*�� "��� V���F � �!�
( =���)(  ;0��F "��� ��  �;%�3 

� 2��� <�)� V�
  �� 3�) 7 �%6� ��)  � 
� G;%� ;�� �2� �;6  ;�]���   
�;�

/�#5��� �#�/ ���� RA��6 =���)  "���<��] .[1,2  

��+���R OCM >7�� �
�J 
�� RA "�����6  �;A( I� ��%6;5(   �;�

�#����    ��;�#7� �;K� 2� �;/ )! )A��F ��6�(     � )6#;$A ��;S7 @;��7  

GA  "�;�2   RA ");! G;/ <;%0 
�� �;6  �;A   ;� @;��� ���� );6 .   �;9� �;��

I��A��%65( =���) "�9)66/ RA P��� �� eSN6���6 �%�3 F�� � )!�S��  2�

 �%�3�� ")��
 (��� �6S� f�#�� C�)A�( I���%65 B� �
 ��F���  .)6A�

 V�
OCM �#� �� ��6��g a ;�� %�� �;6  ;��  �;#��g     C);A �;� 
�92�;���

 �%� A��F 
����)! ).  

3-  	�� ����� �!  

�6� �>� ���f :��� "���
�I� <�� 2�  )! �c�
�( 3����+�4���I .��   .
�;�

B���� :��� C��� 
�( �#+=��+� C��� h��� ��� 
�)�� 2� ."�9)66/( 

�4=�(   B� �;� i;��I 
� ."�5?��� ;��� 7� <;�   � 
�;� ;��    �;� i;��I 
�

RA��6 �A( �5���� >���� ���  )!(    
�;� C�;�� QA�/) ����;� 
�� 

7 �/�<�  
��
�  � E�� 
�2���� ���7�< �D��"�6 ��G#$  <;�� �NF 
� (

��)!��[3].  

�A�;;�< �4�;;��I�� � QA�;;/ 
� 
�;;�;;�"�R ;;!���F�. QA�;;/ 

RA��6 �A( =���.) 6�6� ")! 
���A�  7 ��;Sl �� `�/ .
��� <;�  �;A  
�

                                                
5 Mixed-Integer Linear Programming 
6 Vertically Integrated Utility 

�>� �� .
�2���e � <F�� �#F�)���  �;9��  �;A( )0 ;�.)  �?�;J  �;0��  
�

RA��6 �A( =�� P��6��) � 
�� ...<��.  

�4���I�� � �
 
���  "��;�     4��;4m �  �;�� n�;�� �;��   </
�;5�

C��� B� 
� "�9)66/��� �4=�(      ;�/ �#;�� �� �;� 
�;� C�;��� 2 ;�� 

$���G ��/:  

f=�- ������ �A( �4���I�� 6#S� 
��� 7 ���<�7  

q- ������ �A( �4���I�� 6#S� 
��� �5� ���e8  

RA�- ������ ��� ��� �!�� &�=� 	��� $ ��,�7  

���#5 C��� :��� "�9)66/( �#+=��+�. ���8D�� 7 2��<� �A(  �/ 
��

B� ��* 
� �K�= �A��� #F� 
� )6#$A�
�      "��;6� �;� 
�;� �;� � )�
�)�

E�/��  �/�� � �O�� <��l s��� .��! � �
�F��� )66/ . ����;6���  ;A�t 

4��� R �( ���( B���� �4=� 
�(  � �;� i��I 
� 
�� C��� ;�� 7� <;�  �;A 

�
�)�). � 
��� A V�
�t #F���I ���9� </�! C�D 2�  �;A(    �;� 
�;�

C��� ��� "�9)66/(  </
�5��%�3 �� �
�J� 9��� .���  �;�����    �;� �;A

 
�K6��<F��6+ 7 "��/�<� *��D f�#�� ����� 
� 
���  )!  );�� .

�4���I�� 6#S� 
��� 7 ���<� �?�>� @��! ��F �A( 2�� <��:[4,5] 

1 (7�<� �A( �* "��2���9 (RTP)  

2 ( ��L#�� "��210
(TOU)   

3 (7�<� �A( ����� M���11 (CPP)  

F��� � �E��� 2��� $���G )6�( �A  ��� V�#$9 �
 � )��2 � �
����4 

� �
�R � R0�� � �#���"�  ���� )��:  

4 (7�<� �A( ����� 2�
 M���12 (ED-CPP)  

5 (7�<� �A( ����� 2�
�13 (EDP)  

S- ������ ��� ��� �!�� &�=� 	��� ��2 ���<  

��� ������ ������ C8F�� �A �A( � �� ���  ��9���64 �A( 7�<�  
�/���

� �+�� .)�
�)� ��/
�D�  S;��6� 
�R���  ��;� �
(    ��;! 
� 
�;� ��;#6/�h 


��NO�( ���( </�!  ��L#�� �A(   �;%� � 
��  "�
���;�    GA��;? �+S;!

�� )6/ �� �� ����� ���7 )6���#� "3�< �D��"�6 ��G#$  �  ��/ vL* �


� ���"�R <F���I )� �A���< )66/ .��� ������  �;5� �A�e  �;A��  ��;� �
( 

C��� ���S�D��� </
�5� � �K� 
� .
�� QA�/ 
� "�9)66/� 9�)��.  

��� <F���I L�� �
�J �� <�� �+�� �A�f �
(  �
�J   q�;$*

<��� �A( I �
�J �� <F���I .)>��Q   ���
��;7 ;��   2�);�� 9 ;��(   
�;�

 QA�/��#?� )!�� .��� ������ � �A� )���� ��0 ���5���� ��R )!��.  

������ w���� �A( �4���I�� 6#S� 
��� �5� ���e:  

1 (�#$� ��#6/�G 
��14 )DLC(  

2 ( PN7�� 
�� QA�/15 )I/C(  

                                                
7 Price-based Demand Response 
8 Incentive-based demand Response 
9 Real Time Pricing 
10 Time of  Use 
11 Critical Peak Pricing 
12 External Day CPP 
13 External Day Pricing 
14 Direct Load Control 
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3 (������ �A( �R�� ) 
��16 )DBP(  

4 (������ �A( �4���I�� 
��NO� 
��(17 )EDRP(  

5 (�������A( ?�x 
�2���<18 )CMP(  

6 (������ �A( S��0 ���)F� 
�2��19 )ASMP(  

������ .�=��� ��� 
� �/ ���3 2�     � �A);*�� </
�;5� �);�  �;��/ (R�


������ ��l]�  QA�;/ �� PN7 @��7 (�A
�� � (
��NO� 
�� ���4���I (�A

�6�RA QA�/ 
�C��� �#F���I (�A �#?�9 
��7 ��
�� �
�� "�9)66/

 
� .<�� V�
 �� ��� Y�O�� �� �������G�2���I.  

3 -1- �������	����� 	�� ����� �! ���(EDRP): 

��� ������ �A� 
� �/ �A �A( F��� 2 V�#$9���( I��)  ��/ ��� )��( 

C��� ��9)66/� � QA�/ y���* 2��� ��46A �
 ��F 
�� �/� .)6A� 

<F���I �A�� �5� "��6� �� �
�e � �K� 
�� 9�)�� .��� ������  h��� �A

</�! �A( 
�� � ISO y���* w�7� "��2 
�. )���2 )6���� ���7 �/�< 

 "�6��D���G#$ � �+�� � <�� �NF 
�<� !���F �� �+S!�  @��/

��! ����
( ���F��?�   )! �C��� �/ <�� "3 P7�� 66/� 
� "�4�� 

"��2  �  ��� QA�/ �
 ��F 
���� ���( � )6m��� "��2 �� <��4( 

��/��  )66/ .C��� </
�5� �#S=� 
�S0� "�9)66/( ��<$  
� �9� �

���  .)66+� PN7 �
 ��F 
�� "��2��0���  ���%�3 �� e�>�� 9��� .  

3 -2 - ������#�$ %��$ ���	�� ����� �! ���/  "���

(I/C): 

�A
��( PN7 @��7/�A
�� �� QA�/�� � 
8D�� ��! 46A��A �� �/� 

�+S! @�#$� 
����I� (ISO) PN7 �� ��)7�/5�� QA�/� ��  ��A

� ��F C��� �I 2� �
�J�Q J���� ����� 
�  )! �8��� �� )66/ 

�R� 2� @���� 
� ����� )! )6A��F 
��
�F��][4. �A���
�/ ���0 2�( 

�A
��( PN7 @��7/� QA�/� "��� ����0 .C��� QA�/ ����  M��

*�� �� C����� �A( ���4 6�6�� � .
��]��� Fz� � >7��� 
��  �/

��%9�� M��F�  � �A)*���� I 
���Q ��6�  )5� �( � �� ��0�� 3�.)   
�!�

��/. 


� ��� ��� ������( C��� ��9)66/� ��� �/(  QA�/��   
� 
�;� PN7

D� =��#*� y���*� � </
�5�� .)66/ L���L� �
(  � q�$* �
�J

�� � �#?�9 �K� 
� 
�� 
�S#��� ��! . � P;7��� 
� �9� ��� ;�2�    �
 ��;F 
�;�

��0 ���5� .)66+� PN7�G �� )��! .��� ��0�G ��  );6����    �
�;J �;�

7�<� �A( E��(  
����   �4�;��I �;����� 2� �#!�W9 
�6/��   ;!�� 
�;�) .

6U�A�� � �9��2�( �� 2� 
�� PN7 ��( C���  �
�J �� .)!�S�  )66/

A������ ���( �5� ���e �A�� )! )A��F �#?�9 �K� 
� .��� ������   �;/ �A

���#5 ���( C��� 
��� {
R� "�9)66/( #>6J ��     �;� .<;�� X;��6�

                                                                            
15 Interruptible/Curtailable Service 
16 Demand Bidding Programs 
17 Emergency Demand Response Programs 
18 Capacity Market Programs 
19 Ancillary Services Market Programs 

������ �A( �4���I�� 
�� 
��NO�( ?�x 
�2�� ��<  <;�� ���L#� .2 ;��� 

������ 
� �A( </�! . )! |�N� �A( I ��F .
�����%65   �
 
�;� QA�/

 ��R= �
�J 
�� |�N�� .)66/ =�*
�� �/ ������ 
�(  C��� .
�� PN7

���  )66/(  PN7�� 9���3 �8�� 
�� QA�/� �� )6/ .  �
�;S� �;�� �� �;4 

)��� �D�e C���� "�9)66/��� Fz� � ��� "�F�m( ��G#$   GA��;?

��)66/]  .[6,7  

4-  �	����� 	�� ����� �! ��� ������ U��  

���( ��$* "��� "�5��< B� �� <S$� 
�� ;����� 7� .<;�  ;��  "��;�  2�

��O���  ��� ��C�N>�� WI��(      �;N��
 �
�;J �;� �;/ ��/  ��L#��)1(  

��"� �� .��!  "3 
� �/ρ 7�<�  � 
��d ?��� 
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�D�RA ��!�.�6  >��;�� 

�5� 
�)�� 2� �� �0
���� <�� � �
 "3 �/� "���   RA P��;� );6���A� �;6 

�A)*��( =���)( @+! �
�J ��2 NF� ��/. 

∑
= ρ

××−=
NT

1j 0

0

2

EDRP
)j(

)j,t(E
)t(d)t(AC                    )24(  

  
@+!)2(  : �6�RA �6�6�EDRP 

 �N��
 �� �0
� ����5� �6�RA P��� ���#� 
�)24( � � �N��
 �
�J

�� <�)� ��2 �NF  "3 
� �/ )�3NS  �ASm  �+� ��)>� X���� ��  (�A

�+� 2� `� �A X�! � �NF   )! �NF (�A<��.  

∑
=

=
NS

1m

mmEDRP )t(A).t(ASC                                  )25(  

Am �5� 
�)�� E�� �N��
 
����  �+� �A �� �����m  <;�� .RA� �;6 

�5���� �N��
 )25(  ;� �?�O� C)A P��� ���  ��;!    �;5� 
�);�� �;���� 

%���6 3 <�)��). 

7-4-  _����,*� ��;� �� Y����� /� ��	��� *��3

������ � ���
�� ��� ��� �!	�� �� 

 RA��6 �5���� ��0� �� �����( EDRP  �N��
 2�)25( � <�)�� 3�) .

PN7 @��7 
�� 
�)��/ n�� 
� QA�/b  <��� 
� �t   �;�ILbt    ��� "�;5�

)! .�5� 
�)�� �9���� �2� �� �#?�9 e�>�( PN7/ QA�/  n�;� �A 
� 
��

b  ��ILPbt   ��!  ��� "�5�) X$* ��$/MWh(RA P��� .��6  �;5���� 

��0� �� �����( �A
��(  @��7 P;N7/  QA�;/  �;N��
 e;SD )26(   <;�)�

)�3 )A��F.  

∑
=

=
NT

1t

btbtIL ILP.ILC                                         )26(  

 �A q�O ���` ��O 2��X wi  �wf  ) 
�)�� �/�` �� )�
�� �
 �LJ (

� ���� RA��6 �A( �5����. �%�3 � �
� "���   �;N��
 e��N�)27(    P��;� �;�

� �� ���� �?�O� C)A]l�� ��0�(  G;A     � �A);*�� </
�;5� �;����� "�;�2

������ �A( �4���I�� 0��F 
� �
 
��� ��/  )A�5�.  

}C.wCw)]t(SD).t(z        

)t(SU).t(y)t,i(s).t,i(P))t(P(F[{min

ILfEDRPiii

NT

1t

NG

1i

ii

NSG

1m

mmminii
)}t(P{ i

+⋅++

++∑ ∑ ∑
= = =

)27  (  

 �N��
)27( GA (��0� �R���+� "��2OCM   �;�����  ��;�A ��   (�;A

�� "�5� �
 
�� ���4���I )A� .������ �/ "��2 �A    
�;� ���4�;��I (�A

 X���O ��! ���=wi  �wf �� ��F �� �
 `� 
�)�� ��9�) . ")! �?�O�

������ ���   �;O��� �
�� � ()�=�� "��� (����� ���7 
� ������B� ^��� �A

��  ��� ��2 
� �/ ��!�N��
   )! |8J�  <��.  

bt

NT

1j 0

0

00i

NG

1i

i

IL 

}
)j(

)]j(pen)j(A)j()j([
)j,i(E1{

)i(d)t(d)1()t(u.)t(P

−

ρ

−+ρ−ρ
×+

××η+×η−=

∑

∑

=

=

 )28(  

 �N��
 
�)28(. η �#5� </
�5� )J
��"�  �4�;��I ������ 
��� 


��NO� 
��( <��. ���( 7�) � �
2
�R  �N��
)29( �)�3 )A��F <�):  
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 P��� 2�  ��L#�� �� �N��
 2�  )�3 <�)� C)A)27( ��  "��;�   �=];$�

%���6 2��( ���� @* �
.   

7-5- B�� � �)�H B�	  

������ V�
 Y��J �)� �S�/�� �NF (R�
)MILP(  P���� @* (���

� )6#$A �NF (��$��� � (��$� ���7 @��! �/ �?)A ��� 
�/ ��
 .

�+� V�
 2� �A( � @*��  �� �A �/ <�� V�� � �F�! V�
 ������

R��< )* � �F�! V�
27
)BB( V�� V�
 � (���928

)GCP(  �
  

�` �
�� �0��)!��.  �#>��� )* � �F�! V�
 2� V�
 ���<�� . (���

������ @* MILP  V�
 2�  ��L#�� �� �)#�� V�� � �F�! V�
 ��GCP 

`�   V�
 2�  ��L#�� �� )>� �  ��� ����� �0�� �*��� 2� V�� (��

�� @* )* � �F�!��! .`� )* � �F�! V�
 
�4=�G#� ����� ���( 

I�)� "��/  �
 @* �A( %��6� <�� f�#�� @c�$�. � n�����  �� V�


                                                
27 Branch and Bound (BB) 
28 Gomory Cutting Plane 

Units c b a Pmax Pmin 

1 665 11.84 0.004895 350 140 

2 382 12.38 0.008342 155 54.3 

3 382 12.38 0.008342 155 54.3 

4 382 12.38 0.008342 155 54.3 

5 382 12.38 0.008342 155 54.3 

6 395 4.42 0.00213 400 100 

7 395 4.42 0.00213 400 100 

8 86 56.56 0.328412 12 2.4 

9 86 56.56 0.328412 12 2.4 

10 86 56.56 0.328412 12 2.4 

11 86 56.56 0.328412 12 2.4 

12 86 56.56 0.328412 12 2.4 

13 832 48.58 0.00717 197 69 

14 832 48.58 0.00717 197 69 

15 832 48.58 0.00717 197 69 

16 781 43.66 0.052672 100 25 

17 781 43.66 0.052672 100 25 

18 781 43.66 0.052672 100 25 

19 212 16.08 0.014142 76 15.2 

20 212 16.08 0.014142 76 15.2 

21 212 16.08 0.014142 76 15.2 

22 212 16.08 0.014142 76 15.2 

23 400 130 0 20 16 

24 400 130 0 20 16 

25 400 130 0 20 16 

26 400 130 0 20 16 

Units Start-up Cost MUT MDT  

1 2872 24 48  

2 390 8 8  

3 390 8 8  

4 390 8 8  

5 390 8 8  

6 0 1 1  

7 0 1 1  

8 380 4 2  

9 380 4 2  

10 380 4 2  

11 380 4 2  

12 380 4 2  

13 4430 12 10  

14 4430 12 10  

15 4430 12 10  

16 2500 8 8  

17 2500 8 8  

18 2500 8 8  

19 894 8 4  

20 894 8 4  

21 894 8 4  

22 894 8 4  

23 50 1 1  

24 50 1 1  

25 50 1 1  

26 50 1 1  
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*�� V���� %0��� B#� �/��A�( ����G 9��( *�� "3 
��� a��0��� 

<�� 
��#�� )6#$A. ��V�� � �� ����� ���0 �� �A  q��0 `� �� �/ )���

)��� <�� Y��J �)� �6�%�.  

8 - �
�8 a����  

���( �
��� ���  )! �c�
� �)�( �A)*�� 2� .�+S!(  �+S!24 ����29 

 �A);*�� �� ����� ���8D� �/( =�� ;�)(  ��);0 
� "31    ��� "�;5�

 )!. <��  )!  ��L#�� .��� ��G#$    �A);*�� 2� �;K� C�;J ��(  ;�3� 

 @��!26  � 
�����:17  
��<�� .���8D�   ��;���    2� �;���� �+S;! �;�

 ��� ���0  ;A�(   RA �;� ��;���� �;6  �;A( =�� ;�.)   � �A);*�� ��;��5�  

6U�A��  P0�� 2� ��NF 
�� ] [14<��  )! M���#�� .��"�R  
�� @/

��G#$ �� ����� 39.478    �S6;!
�%m 2�
 � "�#;$��� @�? 
� ����4�� 

B������ � 
���#$G  ��D 
�24   @+;! 
� <��;�3     );!  ��� "�;5�

<�� .�0 ��( I���%65 7� <;�  �A);*��( =�� ;�)(.  =�� �;��5� 2� ;�) 

� �/ �A)*�� �>��� �
�J�   =�� "��;� 2� �� �;0
� ;�)(  A);*�� .<;�� � 

<��  )!  ��L#��.  

 
@+!)3(  : (���  )! �#?�9 �K� 
� 
�� �6�6�IEEE_RTS  

  

��)0)1( : �+S! ()�=�� (�A)*�� �� ����� ���8D�24 ����  
IEEE_RTS [14]  

  

��� GA �
2
 
�)��(  .<��� �A10   "3 
� �;O��� �
�� 
�� )J
�

<��  )! �#?�9 �K� 
� <��� .  

                                                
29 IEEE RTS:IEEE Reliability Test System 

8-1 - �&,7� \�,��-� U�78� a���� �&��� �3�   ���

 �-=H ����
�� ���� �
�E&�,!24  � ��IEEE 

)*�� �� �A 400  </
�5� �=]$� @* � )6#$A �!�
 �)#�� 
� �����4�

<��  )! ����� �NF ���7 �#?�9 �K� 
� �� �A)*�� .  ��L#�� 
�K6� ��

� 2���  ������ 
� P���MILP "��Ah���
 
� �/ 
�D <�$7   "�;5� @S7

)!  ���NF .� 2��( <�� �#?�9 �
�J. ��)0 
�2    �;� ��;��� g��#�

�;;6��/ �R���;;+� (��;;0� �;;6�RA (2�;;� �;;6�RA � �;;#F���I (�;;A  (�;;A

<��  )!  �
�3 (��%65�I.   

 
��)0)2(  : �A)*�� </
�5� (��0� g��#�� G#$�� (��24  ����IEEE  

Total Customer 
Payments ($)  

Total Offer Costs 
($) 

Mechanism   

1,328,152.61  476,944.94  OCM 

  

8-2- ����a ��;�� /���-� *��3,\� OCM  �EDRP 

���� ���
���  �-=H24 � ��  

 <��� 2� 
�/W� �)� 
�1 ��8 
�� G/(.  <��� 2�9   �;�19 I ;�`  2�  �

 <���20  ��24 ��"� 
��( <�� .RA��6  :�;��(  
�24    "�;�A .<��;�

7� <;�  ��;;��� "�);;� �A);;*�� </
�;;5� 2�  );;�3 <;;�)� 
�2�;;� M��;;*

������ �A( �4���I�� ��� 
��(  �A�` V�
 �� 2�.    );! �#?�9 �K� 
�

<�� .RA �)���6 ������ �4���I��  �� 
��20   �;+�)NS=20(  ;$���G 

 �/ <��  )! ~�? �  )!30 /�#5� 2� )J
��� �4���I ������ 
��� 


��NO� 
��( � </�!� )66/. C�N>�� ��)0 WI��(  ��)0 
� 3    );�3

<��] .[16  

��)0)3(  :C�N>�� ������ G#$�� (��� (��WI24 ()*�� 

20-24 9-19 1-8 Hour 

0.012 0.016 -0.1 1-8 

0.01 -0.1 0.016 9-19 

-0.1 0.01 0.012 20-24 

�;;#��g ��;;0� �;;� ��;;���( G;;A �;;����� � �A);;*�� </
�;;5� "�;;�2

�4���I��  
��N;O� 
��(  ��);0 
� 4    <;��  );!  ��� "�;5� .  
�);��

�5����  �#5� �� �#?�9 e�>��"� �2� ��(  I 
� 
�;� QA�/ ;�`   ��;�#�� �

a ����� �� "3�� I�` ��0� ��( GA "��2OCM  �EDRP .6/25  
E�

 ;�3 <�)� <��� ����4� �� )  <;�� .    ��);0 �;� �;0�� �;� 4    )A�;5�    

���#5� </
�5� �/ ��!�"�   2�  ��L#;�� �� �A)*�� </
�5� ������ 
�

�;;����� �;;A( �4�;;��I�� 
��N;;O� 
�;;�(.  QA�;;/ ^;;���2891 
E�( 

RA��6 �A( =���)(  �� �����ISO 6U�A ��� RA��6 �A( #F���I�  ��F

�%�3 ����!.  

  

��)0)4(  :GA (��0� �� ����� t��#� � �A)*�� </
�5� "��2EDRP 

Total 
Customer 

Payments ($) 

Total 
Offer 

Costs ($) 

Total 
Incentive 

($) 

A* 

($/MWh) 
Mechanism 

NG,...,1i,NT,...,1tIL           

}
)j(

)j(pen)j(A)j()j([
)j,i(E           

1{)i(d           

)t(d)1()t(res)t,i(u).t,i(P
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1j 0

0
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0
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1i
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ρ
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1,160,786.39 474,053.91 10,508.3 25.6 OCM 

 G;A (��0�  "�;�2OCM  �EDRP    QA�;/ ^;���6/12   ();J
�

�6�RA         ��;��� "�);� �A);*�� </
�;5� �;� �;$���� 
� �;#F���I (�;A

EDRP <��  )! .@+!4 C��� 
�� �6�6� �����B� @S7 �
 "�9)66/

 (��0� 2� )>� �EDRP  �R���+� (���OCM �� "�5�)A� ."��A  
�;D

��  )A�5� �/ ������ (��0� �� ��!EDRP   �;� � �#?�� QA�/ `�I 
��

YN$� 
�� �6�6�  )! ^��� �/ <��  )! @�#6� �4�� �������! ��.  

  

  
@+!4  :GA (��0� �� 
�� �6�6� "��2OCM  �EDRP  

8-3 - ����a ��;�� /���-� *��3\�, OCM �              

Loads I/C  ���� ���
���  �-=H24  � ��IEEE       

 ��� 2��� ����� ��)>�( PN7/  
�;� QA�/4  I  
�� 
� <��;� ;�` 11 

�#?�9 �K� 
� �#���  <��  )! .� 
�)���5��6    
�;� P;N75    
�;� );J
�

�;;5� 
�);;�� �  );;! �;;#?�9 �;;K� 
� <��;;� "3 �;;� ��;;������ ��;;�( 

PN7/ 
�� QA�/25  <��� ����4� �� 
E�<�� . @+;! 5  ;�]l��  ��;0�( 

������  OCM  �� �
�K�
�   �;A
�� �#?�;9(   P;N7 @;��7/  �;� QA�;/ �
( 

6�6�� � "�5� 
��� )A� ."��A   ;�  )A�;5� �;/ 
�D�  ��;!   ��;0� �;�(   

GA��+� "��2��R OCM ������ � �A( I/C ����� 
�11 .12  .13  �16 

 � PN7 
���� I QA�/��) <��  ��/.  

  

  
@+!5 :  ������ (��0�OCM  �#?�9�K� 
� ��I/C loads  

  

��)0)5(  :PN7 
�� "�R��/�#?�� QA�/ 

Interruptible/curtailable (MW)  
Mechanism  

Hour Hour Hour Hour Hour 

16  14  13  12  11  
30.4  -  74.4  96.4  86.4  OCM  

PN7 @��7 (�A
�� </
�5� �� ����� g��#�/    �R���;+� (��;� QA�;/

OCM  ��)0 
�6 <��  )!  �
�3.  

  

��)0)6(  : @��7 (�A
�� �#?�9 �K� 
� �� �A)*�� </
�5� (��0� g��#�

PN7/QA�/ 

Total 
Customer 

Payments ($) 

Total 
Offer 

Costs ($) 

Total 
Incentive 

($) 

A* 

($/MWh) 
Mechanism 

1,248,995.46 473,420.03 7,190 25 OCM 

RA��6 ?�O�� !��� ��0� 2�(  �4�;��I ��������   ��;� 
�;�( ISO  �;� 

��+���R OCM  �� �����7190 <��  )�3 <�)� 
E� .=�� � �� ;��   ��;*

RA @/��6 �A( =���)( ISO  .3525 I QA�/ 
E���)   <;��  ��;/ . 
�

�0 �� P7��( =���) ���#5  C�;�� </
�5� �� .M�� ����� 
�   "�9);66/

�F
� 
�� 
�)��#���  QA�/��#?� �� ��Ga� RA��6 ( �5���� ?�O��  �/

ISO �� .)A� RA @/��6 =���)( ��� 
� "3� �;$     �A);*�� </
�;5� �;�

������ "�)� �A( �4���I��    ;� QA�;/ 
�;�� � );�� .���
�� �;$   V�
 �;�

OCM ��"�R <F���I  �A6  QA�/ )J
���#?� <��.  

8-4- ����a ��;�� /���-� *��3,\� OCM  �EDRP 

�  I/C Loads ���� ���
���  �-=H24 � �� IEEE 

�#��g ��0� �� �����( GA � �A);*�� </
�5� ������ "��2  �;�����  �;A( 

�4���I�� ��)0 
� 
��7 <��  )!  �
�3 .     
�  );! P;N7 
�;� 
�);��

� f�#�� ������R ��)0 
� 8 <��  )!  ��� "�5�. 

  

��)0)7(  : � �A)*�� </
�5� (��0� g��#�EDRP  �I/C Loads. 
Total 

Customer 
Payments 

($) 

Total Offer 
Costs ($) 

I/C 
Loads 

Incentive 
($) 

Total 
Incentive 

($) 

A* 
($/MWh) 

 
Mechanism 

1,065,440.76 469,160.08 9,755.6 3,717.3 6.24 OCM 

  

��)0)8(  :PN7 
�� "�R��/GA (��0� 
� �#?�� QA�/ "��2                  

EDRP  �I/C Loads  
Interruptible/curtailable (MW)  

Mechanism 
Hour 

15 

Hour 
14 

Hour 
13 

Hour 
12 

Hour 
11 

99. 2 99. 2 92.62 99. 2 - OCM 

 <�)� g��#� �� �0�� ��3��  )A�5�  )� )�=�� �6�RA �/ ��!

ISO GA (��0� �� ."���#5� �� ����5� <F���I Ga���� ������ �� "��2

���4���I  
����0� 2� �#�/( ������ `� `� �A( �4���I��  �

6U�A�� ��0� "�)�( ������ �A( �4���I�� <��  )�3 <�)� 
�� .

�#5� <F���I 
�)���"� ��R 4�5m QA�/��( <�� �#!�� . 
�)��

�5���� %���6 5� �� �#?�9 e�>��#�"� �2� ��( ������ 
� </�! �A( 
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�4���I�� 
��NO� 
��( 24/6 ��� <��� ����4� �� 
E�( ��+���R  

OCM �)�<��  )�3 < .@+! � �]l�� ��0�( ������ �A( �4���I��  
��

 �
�� 6�6�� ��� 
��( ��+���R I���%65( � "�5�� )A� .6�6��  
��

YN$� C��� �  )! �� ?��� 
�� "�9)66/� I ����� 2� �
 ��F�`  ��

G/ ����� 
��(  ��� ���#�� )��.  

  
@+!6 :   ������ (��0� �� ����� 
�� �6�6�OCM           �#?�9 �K� 
� ��

I/C Loads  �EDRP  

�#� �J8F �
�J ���g ���  )�3 <�)�( ��G#$  �+S!24   �;���

IEEE  ��)0 
� 9 <��  )�3 .  

        

 ��)09  : �+S! (��� ������ (��0� ���%� g��#�24  ����IEEE 

Total 
Payments 

($)  

Total I/C 
incentive 

($)  

Total 
EDRP 

incentive 
($)  

EDRP 
optimal 

incentive 
($/MWh)  

Mechanism 

1,328,152.62  -  -  - OCM  

1,164,786.39  -  11,768.43  25.6  OCM+EDRP  
1,248,995.36  7,190  -  -  OCM+I/C  
1,065,440.76  9,755.6  3,717.3  6.24  OCM+EDRP+

I/C  

9- ��,� �1,��:  

� �=��� ��� 
������� �#?�9 �K� 
� �� �O��
 �)    
�;� ���4�;��I (�;A

  �;6��/ "��;6� <�� �A)*�� </
�5� ^�S� (���  (2�;� �;6�RA  (�;A

�6�RA QA�/ "3 ��J�  R�4�� �/ )���9 �c�
� (��%65�I  �;#F���I (�A

C������ "�9)66/ .�6�RA QA�/ ���   "��;� 
� �;��B� �� .�#F���I (�A

�!�
  ��� � �A)*�� ()�=��/ ")! V���F�%�3    � f;�#�� ����;� 
�

    �;� <;�)� 
�2�;� M��;* <��7 QA�/ ���#� 
� );�3 .   ��;F </
�;5� 

C�����l]� � 
�2�� 
� "�9)66/ �%�3  �;6�RA � ()�=�� "��� "�R�� ��  .�;A

������ "��6� <��  �;� �;�6� 
�� ���4���I (�A    
� � e��;5� <;?��
�

 QA�/ ���#��6�RA�6�RA � �#F���I (�A ()�=�� (�AISO �� ��;! .

C��� </
�5� ���   Q��R;?� .
�;� �6�6� ")! YN$� ^��� "�9)66/

`�I � G#$�� "�6��D� <����7 �;� R�� ����2 ��;! .   "��� "�;5� (��;�

�#�� (�A��
�6�  )! ��%65�I V�
 ���
�/ G;A (��0� (��� �L  "�;�2

 �A)*�� </
�5� ������) �R���+�OCM (������ �   
�;� ���4�;��I (�A

  � );! |�N�     �;%�3 (�
 �;� � "�;�� "3 2� @;J�* g��;#�   );! ^;�� . 2�

�0��F ��S! 2� @J�* (�A�� <?��
� ��2 g��#� .(2�����9:  

1-  G;;A (��;;0��;;����� "�;;�2  �;;����� � �A);;*�� </
�;;5� (�;;A

���4���I    ̀ ;�I .
�;� �;6�6� ")! YN$� ^��� 
��    QA�;/ .�;���2

�6�RA ��6U�A � G#$�� "�6��D� <����7 Q��R?� .�A)*�� ()�=�� (�A

�6�RA QA�/C��� ��F �#F���I (�A"�9)66/ ����!.  

2- C��������� 
� </�! �� "�9)66/  (�2� �;� 
�� ���4���I (�A

  <�;� 2� .`�I ��a ����� �� "3 ���#�� � `�I 
� ��F C��� QA�/

ISO �� <?��
� ����5�     X;�a�� ^;��� �;�� �;�� �/ )66/ �;%�3   (��;�

������ 
� </
�5��6�RA QA�/ � �A�� "�!��F �#F���I (�A��!.  

3- ������ (��0� ��      �;m�9 .
�;� ���4�;��I (�;A ISO   �;� 
�;S��

�6�RA <F���I   �#;���F
� 
�;� QA�/ @�=� �� �=� .<�� ����5� (�A

C���   �A);*�� </
�;5� �� �$���� 
� "3 ()�=�� �6�RA @/ ."�9)66/

������ ��� "�)�<�� �#?�� QA�/ .�A.   

#;���  
[1] E. H. Maaroufi and M. Ouassaid Et-Tolba, "Demand side 

management algorithms and modeling in smart grids A 

customer's behavior based study", Renewable and 
Sustainable Energy Conference (IRSEC), pp. 531 - 536, 
2013. 

[2] D. S. Kirschen, "Demand-side view of electricity 

markets", IEEE Trans. on power syst, vol. 18, pp. 520-
527, 2003. 

[3] U.S. Department of Energy. Benefits of Demand 
Response in Electricity Markets and Recommendations 
for Achieving Them. [Online], (2006), 
http://www.energy.gov/. 

[4] M. Parsa Moghaddam and G. R. Yousefi H. A. Aalami, 
"Demand response modeling considering 

Interruptible/Curtailable loads and capacity market 

programs", Elsevier Applied Energy, pp. 243-250, 2010. 
[5] Assessment of Demand Response & Advanced Metering: 

Staff report. [Online], (2012), www.ferc.gov/legal/staff-
reports/12-20-12-demand-response.pdf/. 

[6] M. M. Sahebi E. A. Duki M. Kia, A. Soroudi and M. 
Ehsan, "Simultanous emergency demand response 

programming and unit commitment programming in 

comparison with interruptible load contracts", IET 
Generation, Transmission & Distribution, vol. 6, pp. 605-
611, 2012. 

[7] M. Bigdeli. Tabar, H. Tourang, Sh. Shams and Sh. 
Farahani, "Interruptible/Curtailable Services by Using of 

Logarithmic Modeling in Electricity Markets", Journal of 
Basic and Applied Scientific Research, vol. 10, pp. 1756-
1761, 2011. 

[8] M.P. Moghaddam, G.R. Yousefi and H .A. Aalami, 
"Modeling and prioritizing demand response programs in 

power markets", Electric Power Systems Research, vol. 
80, pp. 426-435, 2011. 

[9] D. Bunn and J. Bower, "Experimental analysis of the 

efficiency of uniform price versus discriminatory auctions 

in the England and Wales electricity market", Journal of 
Economic Dynamics & Control, vol. 25, pp. 561-592, 
2001. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.1

.5
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
11

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.1.5.1
https://jeps.dezful.iau.ir/article-1-70-en.html


 ���� ���� -   
�� 
� ���� ������� �����–  ��� ���–  ���  
��!– "�#$��� � 
�%�93  

 
 

44 

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.
 3

-N
o

. 
1

-s
p

ri
n
g

 &
 s

u
m

m
er

 2
0

1
4
 

 
[10] A. yousef, M. Parsa Moghaddam and E. Shayesteh, "ATC 

Enhancement Using Emergency Demand Response 

Program", PSCE, IEEE, 2009. 
[11] E. Hajipour, S. H. Hosseini and Mokhtar Bozorg, 

"Interruptible Load Contracts Implementation in 

Stochastic Security Constrained Unit Commitment", 
PMAPS, 2010. 

[12] IEEE 739-1984 Standard, "Recommended practice for 

energy conservation and cost effective planning in 

Industrial facilities". 
[13] A. K., M.. Oloomi  and  N. Zendehdel, "Optimal Unit 

Commitment Using Equivalent Linear Minimum Up and 

Down Time Constraints," , pp. 1021-1026, 2008. 
[14] F. Albrecht and Paul, "IEEE Reliability Test System, A 

report prepared by the Reliability Test System Task Force 

of the Application of Probability Methods Subcommittee", 
IEEE Trans. Power Syst, vol. 98, 1979. 

[15] M. P. Moghaddam, M. Rashidinejad, M. K. Sheikh-El-
Eslami and A. Abdollahi, "Investigation of Economic and 

Environmental-Driven Demand Response Measures 

Incorporating UC", IEEE Trans. Power Syst, vol. 3, pp. 
12-26, 2012. 

[16] P. B. Rodrigo, M. A. Oscar and L. S. Vargas, "A scenario 

simulation approach for market power analysis in 

hydrothermal systems", IEEE Trans. on Power Sys, vol. 
2, pp. 1046 – 1053, 2003. 
 

 ���3	  

 	���-,� 
��;  <��  )! )=�#�  ��� 
�

)1355 .(5��� �8���� PD��� ���/ �A�4


�� ��)6%� �#!
 
� �
 ��F-  �
)7

 )��
W9 <�� .?<�=�>   � �5A��I (�A

�78��6��2 
� "�5�� ()6� .
�� 
�2�� (�A

 "��S0 ."�6��D� <����7(:��� � ��#/�
 "��� (2�� �� (�A<��  .     

[���L6/ 
� �=��� ��)6m "�6/�� �8�� � �0
�F � ��F�� (�A

 �O�* ��* 
� � <��  )! ��m "�5�� 2� �5A��I ���� �S#>�

 
��  ��9 
����#����  ��� )*�� ��8�� ��23  �45���)!��. 

 ��7
� *�-H�  
�"�)A�2  <��  )! )=�#�

)1362 .( PN�� 
� �
 ��F �A�45��� �8����


�� ��)6%� ���6!
�/-  ��23  �45��� 2� �
)7

)60��� ��8��)1386(  � <��  )���
 "���I ��

 )!
� ���6!
�/ PN�� (��5��� �O�* ��* 
�

��  ��� ��8�� ��23  �45���)!�� .<�=�>?� �5A��I (�A �78� ()6�

�6��2 
� "�5�� .
�� 
�2�� (�A(:����� (�A  �%� � 2� (
����    

G#$��<�� �
)7 (�A . 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

46
8.

13
93

.3
.1

.5
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 je

ps
.d

ez
fu

l.i
au

.ir
 o

n 
20

25
-0

4-
11

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.23222468.1393.3.1.5.1
https://jeps.dezful.iau.ir/article-1-70-en.html
http://www.tcpdf.org

