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Abstract 

With changes in the competitive structure of the electric energy market and the development of 

distributed generation resources and demand response loads, virtual power plant bidding has 

become one of the key topics. This paper investigates a probabilistic decision-making model for 

optimizing virtual power plant bidding in the day-ahead market, considering the participation of 

demand response loads in intra-day markets. The proposed model includes a three-stage 

programming approach for the simultaneous management of energy and reserve capacity and 

evaluates the impact of demand response load exchanges in intra-day markets on improving the 

plant’s profit while considering risk tolerance. In the proposed model, the participation of the virtual 

power plant in both the energy market and the intra-day market is modeled in detail using an 

innovative method based on the stochastic dual dynamic programming (SDDP) approach. The study 

examines the effect of participation in the intra-day market on changing the virtual power plant’s 

behavior and reducing imbalances caused by production forecast errors. The results show that 

participation in the intra-day market can increase the virtual power plant’s profit by up to 2.5% and 

improve risk management by 2.7%.  
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K� �0f�. �K� 5�#
K�= �,#
K�6.
K
 S� �KKK% 
K
 �
K� �
K.S �# ��0=

�# 5��;�� �
�. ��S
��. ���
	. )�
 �S�� �S
Q. �
9���
 5R����
�� .1��

 �� #��# �=
���KK7 = P
b=� �� S
�
 ��3�. �KK�  �#�. W� 
� �# �KK2 �
�

��3�. �K�  �M#
K7 = �1. �� �� 5�1. R�� ��� ��3�. �# .#0K%  �1. ��

��3�.»��K	 �! 1�
� �S
Q. �
9���
 5�K� � I0K� 0. «1�� S�� � �� #0U #


���UP ��S
K�  � 1K� � S�� �>�
� ��S
K�  �# R��j�� .1K� # �K8 ��� �
KU �$ �

 �.

�� � �#�� X3 �=���3 �
�13�� ���� �� m�K7 b= ��JK2 . � RK% ��

�V �#0� F0.
U �S
� ���� 
�24  R���= �� �� N�! �6�
�.1��  

��3�.» 
� I�# ��3�. �#�
�. ��S��« S� N�! ��
KKK�  W� 
= 5

�f`,#
a. ��
� �, �# .1�# �8��� �� #0U �3iKK� � L�#
��KK	 �! 1�
� �>

 �#0� F0.
U 
� RKK% �� � �#0� mbKK	 . 1�� S�� ��S
� ���; �f`, R��

�=���3 �
�13�� �. t�M 5R��j�� .�K�� �1K% R���= )�
 �# �� #0K%

 .��� �1% mb	. ��-; L�0K� �� )�
 �#
� 13�� �@��U ��3�. R��

 �S
Q. �
9���
 �-���K%  R��$ �# S� �
� ��0AbK� 
! L
.1U 1��U ����

�. I�1K; � �S�� �
K� . ��S
K�  o��Y L
K. 1KU  ��1KB . �
K3  R�� 
K�  .1K� �

S
K� o��Y S� R�._K= XK�
K; �
K� ��0AbKKK� 
K! �K��-; I1K� 
K� �S�� �
K�. ��

����� �1. W� o��Y S� �$ �9� .�KK2 �
 ��-; � �#0� ����� �# �S
KK�

�. Fi= �`-K� F��M ��K�  �# ���A���Q= �
6M� #0K% R��b= ��S
�


.1U ��1B. � #0K% �#SN�! �1K% R�._= �
� ��0AbK�
! L 
� 5##�9 ����

N�! R�� �
3 R���. ����.1%
� 
-U 
� ����� 1
�0=  

      ��3�.» �� 5I0KK�  ��3�. �# ��
�
 �#�
.S � �1�.

 «��;��

�. �� X�
�= �� �� �
� ��0AbKK� 
! L
.1U S� �
�)�. ���A���Q= 5#0KK%

1K
��# F��M �#�� Ii�� ��)�. 5�#
K� 1K3�� 1K� ,0= ��)�. �K� �K@0= 
K� .1K
 �

 �S
Q. �
9���
 5��S
� ���; � �1KKK%  ���1��U �
� ��0AbKKK� 
! L
.1U

 1�
� >�
% 5�=���3 �
�13�� �@��U "�f�= o��Y S� �� #0U �#
�= 1�;

���UP >�
KK% # ��f`, ��S
� �# F��M � 1��U R��j�� � S
KK� ���;�� ��

 .1K� ��K� 3�. R��  S� �,
KU F��M � 1K� �U �K� �; � �#0� �K� �-; I1K�

�
K.S ��S
K� �# �>�
� dK�=�= �K� � I0��. )�
 ��;��1/1  �9/0  �K��; �����

 S�� ��S
��. t�M 1��"��KK7 = 1��V�M .1
#�9 �#
��KK	 �! �1. �# ���9

 X<% �#1 .��� �1% �#�# N�
�
 

٣ - ��	�	���� ���� �������� � 
� [0�4 ��

 �
\J	SDDP  

J2. ���. �� �#
��	�!�.

�� ��J2. W� L�0� �� ��0= �)��

��3�. �� �M#
7=�0.�M ��.#�� �1��  �
���n6. R�� �# ���-; I1�

 �f
 �# R��
! g-� ���A�S
� C�
! � ��S
� ���; 5�#
� 1�,0= 5��J2.

�1% �6M�9.1
�   

 ��J2. u�6b. X�]# �� ��J2. R�� �V X3 �� �#0� �1�j�! ��

A�3 k�0= 1�

. 1��=�1; �
��CPLEX  �Gurobi  �@�0. N,
$ 
� )�


�. �� ��J2. R�� �]
� �91�j�! X�]# .���iU ��S #��0. �# ��0= ��
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:#0�
 

•  �f
 �# �0f�. �� S
�
 #�0. �
�0��
�� �]
� #�1�=

5��J2. ���-; I1� �
��6.��
! I
�= o�;# R6M�9

•  �# "� 5g�`� #1� �
���n6. #�1�= �! �0z3

.-� �# �1. �# "� � �=���3 �
�13�� �
���n6 �`

�
�. ��S
�5�S�� 

•  �� ��J2. W�<�= S� O

. �� �1�j�! �
���n6. #0@�

�. 50��
�� {
�� �� �
h. ��0�� �� 5�6<$0� ��)@�-

51�� S�� ��3�. �
���n6. 1�

. 51
0%

•  �
�1�; #0@� ��
�
 �#��! �� �1�j�! �

.S �
�

�.

�� ��J2. �� �)��A�1<� ���. ka=�. � 1�

. 51���

���UP �# �1% ���UP �>�
� 1�; |�
 �h��13 
� S
�

.�=���3 �
�13�� �@��U N�
� � N��)M� 

C�� ]"�: ��� 	 �������  �,� ���� ������

��� ��3�.
I�# ��3�.

�� ��3�. �� �M#
7= ��J2.

�@��U

•  �� ����� #
��	�!

���S
�

•  m�7b= ��J2. C�
!
 �=���3 �
�13��

 L
���7=
 �� }0��.

�� �f`, ��S
�

•  �� �#
��	�! ���;
 ��S
�IDRX

•  ��S
� �# L]#
a.
��;�� �
.S

...

I0� ��3�.

 L
���7=
 �� }0��.

 ��S
�
�S�� �
�.

 L
���7=
 �� }0��.

1�� S�� ��S
�

]"� $����: ������ ���� �,� 2�A 1 �� 1

��J2. ��-; W= ��3�. ��

 ����� �� _,��	 6�A�AB1IDRX �@��U 
 �8��� ��)�.DR  ����

 ���; 
� �c
�6. F��M
 k�0= �1% #
��	�!

 ��S
� �# ��1��UIDRX

•  �@��U "�f�=
�=���3 �
�13��

]"� $����: ������ ���� �,� 2�A 1 �� 2

��J2. ��-; W= ��3�. ��

 ����� �� _,��	 6�A�AB1IDRX �@��U 
 �8��� ��)�.DR  ����

 ���; 
� �c
�6. F��M
 k�0= �1% #
��	�!

 ��S
� �# ��1��UIDRX

]"� $����: ������ ���� �,� 2�A 1 �� n

��J2. ��-; W= ��3�. ��

 ����� �� _,��	 6�A�AB1IDRX �@��U 
 �8��� ��)�.DR  ����

 ���; 
� �c
�6. F��M
 k�0= �1% #
��	�!

 ��S
� �# ��1��UIDRX

 X<%1 �1. �`-� �# �
6U
� S� �<�=
�% :�#
��	�! 

�91K�j�! �� �1K.V o8
KM �����K�JKKK2 . �]
K� �
K� N�! R�� �# ��

�,
B.  F�� S�SDDP  �
���n6. �S
K� #�SV 
� �� �K� � �1K%  �#
�6K� �

��JKK2 .��S �� �� ��JKK2 . ��06� �1�j�! .#�� "�KK2 B= �6<$0� �
� F��

SDDP �K.
K
�� XK8 
KKK2 . XK3 ���� ~
KU �0Y �K��K�3�. 1K�$ �)�� ��

 F�� S� �M#
KK7 =��3�.1�$ S�1�� ��)Q= .�KK� � �#�� �1�! ��KK� 0= ��

M#
KKK7 = t�M �KU�# �3��Y R��j�� � �K�JKKK2 . �#0� � 
K� 0��
K�KKK�

�. daK�  ~
U ��
6U
K� F�� #0K%SDDP  S�1�� ��)Q= �� �aK2 


��3�. 1�$O��� ��
�
 CK�
! �� ����A�� �# ������� � �= .1�� X�� �=

 F�� �#SDDP � �� I�# X8
KK2 . #��� ���-; I1���JKK2 .��S) 1� (
�

�.�K�0�Q. 
K� �K�JKKK2 .��S �� � #0KKK% S� ��JKKK2 .��S�K� XK�6`. �
K�

�. �91��
�
 #0U �� m6b. /0;� �
�63� W� ����# W� �� �� #0KK%

��JKK2 .��S R��b= �0f�. �� .1�6KK2 � �
���n6. �KK: 
�� 1�.� 5��� �

��JK2 .��S �� �
9�# 1�,0= ���� ��
�
 �# � �1K%  �aK� 
`. X�6`. �
�

�� F���V �A�� �
S� /0�Q. S� S�1�
K%#�1U� �
�63� 
� dK� 
�6. 
� 

�. �#
K� 6KKK� �F�� R�� .##�9 �KKK: 
K� � 1K� .� S� ����b= S�1K� � �
K�

��JKK2 .��S�. �KK� # �� �� 
����� 5��
�
 �# .1��# �� R��
! � ]
� �
�

���� R�� �:
�� 1�.� 5O;�� �# 5"6��0A,� 1����M �Y �# �1.V �K�# � 5
�


 ��
�
 CK� 
! #�0. �# .#0� 1��0U ��JK2 . ����� CK� 
! �K: 
�� 1�.� )�

SDDP ���� �KK: 
�� 1�.� ��#
B. �1KK%  W�#)
 S� �! )�
 � ]
� �
�

�. u;06. ���<= "6��0A,� R��
!.#0%  

�� ��J2. X3 ������3�.� �� ��3�. �� ��� IS] �#
��	�! �

R��� �,#
�. d,
; �# �

9�1@ L�0�8 L�0� .#0% �1�� S�� ��J2. ����

:�%�# "���0U 1�� 

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

∑ �.���/01�*.2* ≥ UT�#�� )2 (  s.t 

∑ (1 − �.�)��901�*.2* ≥ DT�%�� )3 (  

#�� − %�� = ��� − ���*� 	; 		#�� + %�� ≤ 1  )4 (

۵۷

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

ijq
p.

ir
 o

n 
20

26
-0

7-
12

 ]
 

                             5 / 14

http://ieijqp.ir/article-1-1014-en.html


���8��� �1. W� ���3�.p
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��	�! ���� 1�1@ �����-; I1� � ��G!
�

���� ���	
- ��� ��� ���� � ����� �	�� ! �
� ����� ��� � "�#�
�$ ��
�%3  �!
�! ��
�%40 )��
! 1404 

������ ≤ ∑ ���� UR 	� + ∑ ?@A	A )5 (  

������ ≤ ∑ ���� DR 	� + ∑ ?$A	A )6   ( 	
 �V �# ����  ���+  �0��
�� /0;� �
�63� d�=�= ��B ∈ !  � B′ ∈ !′  R��j�� �)*  R��� �,#
�. �# ��� ��3�. ���� �1��V #0� O�
=

�J2. .����
�. �:#0� 1��0U ��S L�0� �� �S�� 

)7(  −
�,�
� + 
̅F,G,�,�
� + HF,G,�,�IJ − HF,G,�,�KJ = 0 

)8(  0 ≤ �F,G,�,�
� ≤ �MF,G,�,�
�
)9(  HF,G,�,�IJ ≤ ?NF,G,�,�
�,IJ

)10(  �F,G,�,�
� − �MF,G,�,�
� ≤ ?(1 − NF,G,�,�
�,IJ)
)11(  HF,G,�,�KJ ≤ ?NF,G,�,�
�,KJ

)11(  
�F,G,�,�
� ≤ ?(1 − NF,G,�,�
�,KJ)

)12(  
HF,G,�,�KJ 	, HF,G,�,�IJ ≥ 0 

��,�O
� = ��
�
)13   (  ��,�O���� = ������
)14   (  ��,�O���� = ������

)15   (  ��,�,�O�  = ��,��   

)16  (  #�,�,�O�  = #�,��   

)17   (  %�,�,�O�  = %�,��   

 �V �# ��)P  R��� �,#
�. �# I�# ��3�. ���� �1��V #0� O�
=

 R��j�� .�����,�O
�5��,�O���� 5��,�O���� ��,�,�O�   5#�,�,�O�    �%�,�,�O�   

��3�. �
���n6. 
� �c
�6. �6�0�! �
���n6.  �$ �9� .1�62� 1�� S��

 �
���n6.��,�,�O�   5#�,�,�O�    �%�,�,�O�    S� R�� 
� 51
� �1% u���= �6�0�! /0


�-��� �� �
3 #0�; �)15 ( 
=)17 ( P
b=� ����
� ���#
B. ���0��

�� #0@� R��j�� .#�� 1���0U � 
���n6. R) #0�;12) 
= (17(  ����

 g�`� #�<���SDDP ����:  ��� �6<
 R�� S� �%

 ��J2. R�� .���

��
! ��0�� �� S�1�� ��)Q= F�� �� F�� ���� �SDDP  R��b= ��

�.

�� �1�� X3��. ��J2. X3 �
zMF�� o��Y S� �)�� S�1�� �
�

 ��� ��1B. �-���% �# 
��= "�. R�� .��� ��06�� I
�= X3 �
zM ��

��J2.��S. 
�XB62  �#
�6�� ��� .1%
� Xa; X3��. "��7= �
���n6. S�

F�� 1�,0= �# ��J2.��S #0U �
@ �� ��J2.��S �
9�# S� )�
 S�1�� �
�

 S� XB62. �
9�# ��J2. X3 �
zM �� ��� X�,# R��� S� �%



 #0�; #0@� I1� .��� Xa; ��3�. "��7= �
���n6.)12) 
= (17 ( d@0.

F�� 1% 1��0U� S�1�� �
��� �1% �M
: �
�. ��3�. ��J2. �%

 �S��

��J2. �
9�# X3 S� �
.S��3�. "��7= �
���n6. X.
% ��;�� S�� �

 "6��0A,� g�`� #�<��� X<	. R�� �� 1%
� 1��SDDP �. X6b. �� -

�.1� 

��J2. ��
�
 �#��3�. ��
.S �:#0� 1��0U ��S L�0� �� ��;�� 

)18( QRS T� ����+ U−���,V,�,�,���  
�,V�  �,V�,�,�+ + 
�,�,��W ��,�,��W
− 
�,�,�� ��,�,�� 

+ 
PX,�
� YPX,�,��WZ [\
)19( −���,V,�,�,�+�  

�,V
−���A,�,�,��J,
 − �A,�,�,��J,� �A+ ��,�,��W − ��,�,�� 
≤���	�  ��,�,�O�  

�
− ��,�O
�

−���],�,�^_`G&]+��F,�,�
�
F+ ��,�,��
�����,�O����− ��,�,��
�� ��,�O����

)20( 

���,V,�,�,���  
V −���,V,��*,�,���  

V≤ UR 	��1 −	#�,�,�O�  &+ ��	�  
)21(  

YA,�,�,��J − YA,��*,�,��J − �A,�,�,��J,� aAJ,� + �A,�,�,��J,

aAJ,
≤ 0
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)22(  

−YA,�,�,��J + YA,��*,�,��J + �A,�,�,��J,� aAJ,�
− �A,�,�,��J,


aAJ,
 ≤ 0
        
� ��� ��P �� IS]�
.S ��3�. �<��� �� �@0=�� ��3�. R��UV ��;

�.

�� S���3�. 1�$ �)�� p1� O�
= �1�� L�0� 
� �G, 5��� ��J2. ��

�
.S ��J2. O�
= 5R��� �,#
�. d,
; �# ��;��)b��3�. �1��V #0� O�
= 5

�
.S .��� �1	
 s
`, �0M L]#
�. �# �G, � �#0� ��� 
� ����� 5��;��  

,� 1����M �# "6��0ASDDP  1�,0= ����F�� X3 �� S
�
 S�1�� �
�

 I0� � I�# ��3�. X8
2. �
9�#����
.S ��J2. �
9�# . �� ��;��

�. ��# �� ��S L�0�.1�V 

)23( 
min	 � �e�,�,��J�K	 	���	�  ��,��  �

− ��
��,�,�+ −���],�,�^_`G&]
+��F,�,�
�

F+ ��,�,��
���������
− ��,�,��
��������(
+�e�,V,�,�,�+�IK ���,��  �M�,V�  &�,V+�e�,V,�,�,�+�I�� fUR 	��1�,V− #�,��  & + ��	�  #�,��  g+�e�,V,�,�,�+�
�� fDR 	��1�,V− %�,��  & + �	�%�,��  g+��eA,�,�,�+J�� �MAJ,�A+ eA,�,�,�+J
� �MAJ,
 + eA,�,�,�+JhI YMAJ
− eA,�,�,�+JhK YAJ&,

 )24(−e�,�,��J�K	 ≥ −����+
�,�,�� 	; 				∀j, B, B′

)25(  

−e�,�,��J�K	 + e�,V,�,�,���IK + e�,�,�,���I�� − e�,��*,�,���I��
− e�,V,�,�,���
�� + e�,V,��*,�,���
��≥ −�����
�,V�  	; 				∀k,Q, j, B, B′

)26(  

eA,�,�,��hJl − eA,��*,�,��hJl − eA,�,�,��hJm + eA,��*,�,��hJm
+ eA,�,�,��JhI − eA,�,�,��JhK≥ 0	;				∀B, B+; 	j∈ {1, … ,23} 

 )27(eA,�,�,��hJl − eA,��*,�,��hJl − eA,�,�,��hJm
+ eA,��*,�,��hJm + eA,�,�,��JhI − eA,�,�,��JhK≥ �����
PX,�
� 	; 			∀B, B+; 	j = 24

 )28(−e�,�,��J�K	 + eA,�,�,��J
� + eA,�,�,��hJl
aAJ,� − eA,�,�,��hJl

aAJ,�≥ 0	;					∀t, j, B, B′ 
 )29(e�,�,��J�K	 + eA,�,�,�+J�� − aAJ,�eA,�,�,��hJl

+ aAJ,�eA,�,�,��hJm≥ 0	;						∀t, j, B, B 

  �V �# ��e�,�,��J�K	 5e�,V,�,�,���IK 5e�,�,�,���I�� 5e�,V,�,�,���
�� 5eA,�,�,�+J��5

eA,�,�,��J
� 5eA,��*,�,��hJl 5eA,�,�,��hJm 5eA,�,�,��JhI  �eA,�,�,��JhK  �
9�# �
���n6.

.1�62�  

�
9�# �J2.�
�. ��
.S ��J2. 1�

�� �2�
� )�
 �S�� �� ��;��

 F�� S� X�
3 ����
� �
���n6. #0@� �
3 R�� 
� .1�V ��#M  da�

 �
 � 5u��: �
9�# k���% �
9�# � ���� ��J2. �
�. �� 1% 1��0U

 
� ����� �
 �
9�# ��J2. C�
! ��1B. �A�# L�
a� �� .1%
� ���;�� 5�0;

= �<�� ���� ��J2.
� 13 W� 
�� �
���n6. #0@� .��� �V ���� ]

��J2.��S �# �6229 F�� �
�SDDP  �� ���� �1@ �
�2� N,
$ W�

�.

�� X8
2. X3 �# F�� R�� ���9�
<���3�. 1�$ �)�� �# .��� ��

�#
�! N�� ! R�� �����M ��J2. X3 ���� ��
<6�� �%�� �,
B. R�� �S
�

� �
���n6. F�� R�� �# .��� �1% ����
�
�. ���� ��J2. 
� �S��

�. #�SV W� � ��� R�� �6�0�! �
���n6. #�SV ��J2. S� �?� � 1
0%

�. �6M�9 �
9�# �1% 1
�� �# �1% #�SV ��J2. �
9�# S� .#0%��2! �

 ���<= "6��0A,�SDDP F�� #
Q�� �����. �#
�6�� S�1�� �
� 
� .#0%

n6. R���= ���� 5��	�! 1
�� �# 5�
3 R�� �
��� ��J2. S� 5�	�
.SV

�S
�#�SV �����. �#
�6�� �1	
 qi�� �� S
�
 F�� R�� �
��� 
� .#0%

 
� ���� ��J2. �
 �1��V #0� O�
= ���S #��# #0@� )�
 ����A�� }�%

�. d��B= �� �1% #�SV ��J2. �<�� 5�6229 �
���n6. S� �
3 R�� 
� .1
S

 F�� R�� S� �1.V ��# �� C�
! �f�. �#; X�
; �<��� ��� .��� �0a

 ��1
� ��
�2� L�
�= ���� ��J2. � �1% �S
�#�SV ��J2. ��
�
 C�
!

�. �
	
 "� 
� �� .1��# ��1B. �� 1�� S�� ��3�. ��
���n6. �<��� I�#

 �a2
 ��6�� �
�2� L����n= 5��� �1. X3 ���� p1� 
� �V �����

�
�. �
���n6. ��. �
	
 #0U S� �S
�#�SV da� �� �S���.1��# 

�.

�� ���� �0M �1. �# �)��9 �� 5S�� �

a% ��16�� ��
� �
@

24 �K6M�9 ���; �#
K�6KKK� � #�0. 5�K�
KKK�1K
�  �6<$0� 
K� 5o��Y R�� S� 
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���8��� �1. W� ���3�.p
-�
� �
��
� R6M�9 �f
 �# 
� �S
Q. �
9���
 ��##
��	�! ���� 1�1@ �����-; I1� � ��G!
�

���� ���	
- ��� ��� ���� � ����� �	�� ! �
� ����� ��� � "�#�
�$ ��
�%3  �!
�! ��
�%40 )��
! 1404 

 �KKK2 �
B. � X3 �
<.� 5#0�; � 
���n6. #�1�= N�
� � ��JKKK2 . �#0�


�VF�� S� �#
�6�� ��1� �V 
�.1%
� �2�. ��)Q= �
�  

����� ��1B. pi6U� ��)�. ��JKK2 . �# p1� O�
= � #�SV � ��KK� �

 d�=�= �� �1K%897.13  �899.98 �� 1.V �K� # �� �]#  �1��# �
K	 


i6U�)�$

 p  #�13 �#32/0% .���

٤ - ����� M�� >%��,-0� ����SDDP 

 "6��0A,�SDDP ��J2. X3 ������ �#
��	�! ���S L�0�  �
��

�.#0%: 

������:�

• �#�#�,_2. �
��6.��
! � "62�� ��
! �
�

• "��7= X3��. #�1�=���9(T)

• �M#
7= �
�0��
�� #�1�=(M)

• %) "��7= �
���n6. � ��,�� k���% �
���n6. X.


(���#�# � �6�0�! 

����5��:

•  � X3��. �.
�= ���� "��7= �
���n6. ����� ��#
B.


�0��
�� 

• �1� O�
= R��
! � ]
� ���� #��V�p

%��,-0� <���	:> 

 R��1��0�� ������8	 :  

1.  ���<= �1
�
�% ���� ��,�� ��#
B. R���=� = 1
2.   ]
� ����%u̅�v = wxyR��
! ���� 5 %z̅{]v = −wxy �

|M* = |MP = 0.

 R��2 :`4,1 _�; �� D���� �1 ���)1 

(`0� ����� ���� ��ab

١. :�1� �.�#� �1	
 oB`. u;0= }�% �� �

.S 
= 

٢. M R� �
b6
� �M#
7= L�0� �� �� 0��
��

٣. //��	�! 1
�� S
eV 

۴.  ����Q = 1,… ,? R� ���<=

۵.  1�� S�� ��J2.��n6. � R� X3 �� �	�
.SV �
�

R� S�� �� �� 1�� S�� 

۶. �
�. ��J2. �	�
.SV �
���n6. � R� X3 �� �S��

�
�.R� S�� �� �� �S�� 

٧. �
.S ��J2.��;�� R� X3 ��

٨. p1� O�
= ��1B. ��3�. �� ��J2. ��%V ���� ��

 �0��
��m ��
�� ��# ��

٩. ���<= �B�3 �
�
!

١٠ .  ��R��
! ���� �

��S��

%z̅{]} 	 = *~∑ %V~V2*
 �� = *~�* �∑  ~V2* �%V − %z̅{]}&P�lm

c(   ���� ��ab��J�

١.  ����Q = 1,… ,? R� ���<=

٢.  ����w = 1,… ,����+ R� ���<=

٣. �
.S ��J2. �
9�# ��;��) �-���23 ( ��S� �� ��

R� X3 �	�
.SV �
���n6.

۴.�B�3 �
�
! ���<=

۵.F�� ��V ��# �� �� S�1�� �
�

۶. ���<= �B�3 �
�
!

٧.  ����Q = 1,… ,? R� ���<=

٨.  ����w = 1,… ,�� R� ���<=

٩.  �
9�#D��	 �
\J	���� ��; ���b )23 (�� �� 

R� X3 �	�
.SV �
���n6. ��S�

١٠. ���<= �B�3 �
�
! 

١١. F��� S�1�� �
� ��J2. �� � ��V ��# �� �

) 1�� S��1 (.R� �M
:�

١٢. 
!���<= �B�3 �
� 

١٣.  ��J2.)1 ( ��1B. ���GA�
@ 
� �� ]
� ���� � X3 ��

�� �1.V ��1� p1� O�
=.R� S��

 (d4,1 ���#	 �����:`
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�1��0
 �
23��13�� ��-7. 5 5 �8���# �0!�
�1�9 
:�1���

���� ���	
- ��� ���� � ����� �	�� !  �
� ����� ��� ���� "�#�
�$ ��
�%3  �!
�! ��
�%40 )��
! 1404 

١.  �6�� mb	. �

6�V W� S� R��
! � ]
� ���� R�� pi6U� �9�

 #�1�= 
� 51%
� "6��0A,� 51%
� �1��� mb	. 13 �� ���<=

�. u;06.#0%.  

٢. % 5L�0� R�� ��e �#���<= �1
�
�	kk  � �6M
� N��)M�

�. ���<= "6��0A,�#0%. 

������ �����7%	 :����	: 

 �1. �0��]0.�M �# g��� L�0� �� ���#�# �
���n6. 5��3�. �� �#

�.

�� #�<��� 
� Nb���S �� � 1
��# �0z31� �)��g�`� # (MIP) 

�. X3#0%. 

�V X3 � ����1. #�a��� � 
���n6. ��
� ��
	. 
� �
��� ���<= 1
�� �#

�.##�9. 

۵ - ���? S��%� <�
L1

 �S
Q. �
9���
��,
-. #�0. .
% ��
Q= �
9���
 W� 5�#
� 13�� W� X

5�=���3 13�� �# ���UP W� S
� 0Ab�
! �
��
� �N�! .��� ����

 1��S�� ��S
� ���; 5R��j�� � 5�#
� 13�� 1�,0= ��)�.�0! #�0
 ��S
� S�9  

Nord Pool )2021 ( X<% �# � �1% ���b6��2  .��� �1% �#�# �
	


�
.S ��S
� �# �>�
� F��M � 1��U ���; ��1B. ����� d�=�= �� )�
 ��;��

1/1  �9/0 .��� �1% t�M 1�� S�� ��S
� ���; �����  }0��. ��M L
�iY�

�=���3 �
�13�� �� ���UPS
�  ���1@ �#1  �2  R��j�� .��� �1.V

�� }0��. L
�iY�  ��6�# �,
��S� 0Ab�
! �
��
�) .� +���/,�1402( 

 .��� �1% ���b6��  

     �,
B. R�� �# 5R��j�� 13�� �@��U R��j�� � 1�� S�� ��S
� ���;

 ���-; I1� �
���n6. ��0�� �� �#
� C�
! � �S��

�. ��3�.

�
.S "��7= ��n6. ��0�� �� ���A���Q= .��� �1% �6M�9 �f
 �# ��;��

�0f�. �� �.

�� ���� S
�
 #�0. �
�0��
�� 1�,0= �� N�! �M#
7= �)��

 5���A���Q= N���� � ��S
� ���; �
�0��
�� ���� �
.�
 O�S0= O��0= S�

 1�,0= ���� �
a�� O�S0= O�
= � �#
� 13�� 1��,0= �� }0��. �
�0��
��

��� �1% �#
�6�� 5�
�63� O�S0= O��0= . �0Y 
� W� �� 5�S
� ��� �� bX�  "�2B= ����1%1
� ) .� 5�1��0
1402.(  S� I�1� �� ��
�
 �#

��2; �f
 �# �=]
�63� #�1U� W� ��0�� �� �0M �
�63� O��0= �
�

 �S��

�. �0��
�� �U�# � �1% �6M�9 
�49=7×7  �U�# � 0��
��

�
.S 
� ��;��7 �. X�<	= 0��
���U�# �# R�� d���= 
� .#0% �U�# 5

��# ��
�
 ��343=7×49  "Q3 N�
� �0f�. �� .#0� 1��0U 0��
��

 ��)�� S� �#
�6�� 
� 5�S��

�. �U�# �
�0��
�� #�1�= 5L
a�
`.

SCENRED2  ��)M� I�
GAMS �� 515  �# .��� �6M
� N�
� #1�

 ����� �1. �# �1% �6M�9 �f
 �# �
�0��
�� X� #�1�= ��
�


105=7×15 

�� �# �� ����.0. �#
��	�! � �6M�9 ���; �#
�6�� #�

.���  ��1@3  #�1�= ���� �1. X3 �;# � ���� R�� �� �2�
B.


�0��
�� u�6b.  R6M�9 �f
 �# ��1�CvaR  {�6�# �# t�M 
� �

 �#0�100%  ��M�cDR .1�# �. �
	
 ��  X3 ����)�
 ��J2.  �A�3 S�

CPLEX v. 12.6 ��� �1% �#
�6�� )GAMS Development

Corporation; 2021 .(R��j��  ��1@ �#4  X3 ���� S
�
 #�0. �
.S

 �1.�1. 
� �#
��	�!#0@0. O@��. �# �1% �8��� �
�  �1% �2�
B.

.���  

���� 1 :�1���� ������� ��& 6�B.�	

 13��

�=���3 

�M	� 
(MW) 

�	 �
(MW)

R�
($) 

t�
($/MW)

k�
)2($/MW 

UR	�
(MW) 

DR 	�
(MW)

!"	�
($) 

!$	�
($) 

UT�
(h) 

DT�
(h) 

 13��1  1.5 0.5 15 35 5 0.25 0.25 20 8 3 2 

 13��2 1  0.2 6 46 1.25 0.125 0.125 14 4 2 1 

���� 1 :��� ���5H ���� ��& 6�B.�	

 �
.1
��

>�
%#  

 �
.1
��

>�
%  

 ��)�. �h��13


% >�

)MWh( 

 �h��13

 >�
%# ��)�.

)MWh( 

 X;�13

 ��M�c

)MWh( 

  �h��13

 ��M�c

)MWh( 

95/0  95/0  1/0  1/0  2/0  5/1  ���UP S
� 

 ����2`
%.	 ���,����� ���#1 ���� �� ��	 ��)
A? :

9×21 7×15 7×11 5×9
 ���#1

,����� 

1500 382 166 94 ) <� D�	�s(

216 31 17 11 ���)1 ���#1 

 �S
� �# ]
� ����93% 

R��
! ���� �
���Y�
��A�� ��A�� ��A�� ����-A� 

6155 6164 6082 6307 
�C�� D��/ 

!�� 2��1 

 ����3 D�	� �J��8	 : �������� ��	 <� ���� E�� ��,	��	 ���,�,	 ��� 

 �1.

�#
��	�! 
[21]  [17]  [15]  [14]  2��	 

120-

420

142-

170
4500< 1500<33-245CPU time 
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�� � ;��� ��S
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  5��i�� ���� ����A�� 1
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3 �# � ��� ����� ��S
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IDRX �� ���� �� #��1
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W2������ ���G!=� L
���7= �# �S
Q. �
9���
 ��#�� v�
6
 � �1% P
b

�
�. ��S
� �# ���
	. 
� �@��U �1% Fi= 5Nb� R�� �# .��� �S��

 � ��S
� �# ��##
��	�! �0`
 �# �S
Q. �
9���
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�� ! � ]
�
��R �0A,� �#�"6 SDDP ����  �#

. S� u�6b. �,
3���) �Q= ���
	.����A�  ��S
� �#IDRX ��1� (u,� .

�,#
a. �
<.�� DR ��1B. (� .DR  ��S
� �# �1% �8���100% M�c.��  

 X<% �#4  �� �S
Q. �
9���
 �
f6
� #�0. #0� ��)�. L����n=

 mU
% ��S�CVaR  u�6b. ��1B. N% ����� # N�
�
 .��� �1% �#�

�. ���V#
� mU
% 
Q��� �# �� #0%CVaR  �
9���
 �
f6
� #�0. #0�

 ��S� �� �S
Q.5% �,
3 R��=1��. �1�
	. �<

�$ .��� R<�. �
� -

% �
<.� #
Q�� 
� 5#0�
�. ��S
� �,#
a.�S��5  �
9���
 ���� ��6	�� #0�

 mU
% 5R��j�� .��� �
f6
� #�0. �S
Q.CVaR � �0z3 �# )�
 ��S


�
�.���� �� �-���% �# .��� �#�� �
�6U� �� ��=]
� ��#
B. �S�� ��#��

) 1%
� �6%�# ]
� W2�� 
� L
���7= GU� �� X�
�= �S
Q. �
9���
� =
0	U �
<.� ��1� 5( mU
% 5�
� ��0Ab�
! L
.1U 1��CVaR  ��1B.

5125 . �h��13 �� �

.S ���� ��1B. R�� .��� �#�� �
�6U� �� �]# ��)�

�
�. ��S
� �# �,#
a. ���� �
� ��0Ab�
! ��1B. �� 1%
� {�6�# �# �S��

5250  N��)M� �� ��� �1��� �]#5/2% �. �
	
 ��.1�#  

W2�� 
� 5�A�# �0� S�
 �1% )��9 �# �0z3 ��^
= 5�S
Q. �
9���

�
�. ��S
� mU
% ��� �� �S��CVaR  )�
 �
f6
� #�0. #0� � �6��

�. N�
� .1�
��fM
`. L
���7= �# �� ��0Y �� ����) �
��
�� =
1 mU
% � �
f6
� #�0. #0� ��1B. 5(CVaR  �
<.� I1� L�0� �#

�
�. ��S
� �# ���
	. d�=�= �� �S��5489  �5301  �1.V ��# �� �]#

�,#
a. X�
; ��1B. ���	�� �� �6,
3 �# ��#
B. R�� .���  L
.1U

 �
� ��0Ab�
!� {�6�# �# ��S
� �# 
� ����� d�=�= �� 1%
5482  �5303 

 ���n= �� ��� �1% �a�
`. �]#13/0- � %04	
 �� %/�. �
 .1�#

0,00

1,00

2,00

3,00

4,00

20

40

60

80

1 3 5 7 9 11 13 15 17 19 21 23

 �
#


� 1
3�

� 
1�

,0=
)

M
W

h
(

 1
�� 

S�
� 

��S

� 

�
��

;
)
$(

��
�

1�� S�� ��S
� ���; �#
� 13�� 1�,0= ��)�.

15000
25000
35000
45000
55000
65000
75000
85000
95000

105000
115000
125000

١ ٢ ٣ ۴ ۵ ۶ ٧ ٨ ٩ ١٠ ١١ ١٢ ١٣ ١۴

��
��

 �
�1

B.

���<= #�1�=

15000
25000
35000
45000
55000
65000
75000
85000
95000

105000

1 4 7 10 13 16 19 22 25 28 31

��
��

 �
�1

B.

���<= #�1�=

۶۲

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

ijq
p.

ir
 o

n 
20

26
-0

7-
12

 ]
 

                            10 / 14

http://ieijqp.ir/article-1-1014-en.html


�1��0
 �
23��13�� ��-7. 5 5 �8���# �0!�
�1�9 
:�1���

���� ���	
- ��� ���� � ����� �	�� !  �
� ����� ��� ���� "�#�
�$ ��
�%3  �!
�! ��
�%40 )��
! 1404 

(u,�) 

(�)  

 X<%4 �
f6
� #�0. #0� L����n= ��)�. :�
9���
  mU
% �CVaR  ��#
B. ��S� ��

 u�6b.��,#
a. �
<.� ��1� (u,� . �
�. ��S
� �# 5�S�� (� ��1B.b�
! L
.1U ��0A

 �
� ��S
� �# �1% �8���100% M�c��. 

      �,#
a. �
<.� ��^
= N�
� �
� ��0Ab�
! L
.1U #�0. #0� ��)�. �#

 mU
% � �
f6
�CVaR  
� �S
Q. �
9���
 X�
�= �� ��� �� R�� S�

�fM
`. ��)�. N��)M� 1��U �� L
���7= P
b=� �# ��
� L
.1U

�
� ��0Ab�
! �. N�
� 5R��j�� .1�
� L����n= ��^_=�  R��j�� �

 ��)�.�
� ��0Ab�
! L
.1U �
�. ��S
� �# �,#
a. X�
; ��� �� �S��

 mU
% � �
f6
� #�0. #0� ��)�.CVaR  X<% �#4  �� L�0� ��

.��� �1�
	. X�
; �V �# �1% �
�� v�
6
 ��� �1% �#�# N�
�
 �1�� 

��1B. L����n= ��S� �� �=���3 13�� �@��U /0�Q. �  ��)�. �


.1U �
� ��0Ab�
! L�
�. ��S
� �# {�6�# �#) X<% �# �S��5(

�� �=���3 13�� 1�,0= /0�Q. ��)�. R��=]
� .��� �1% �#�# N�
�


 ��S�� = 0  ��)�. �h��13 �:�� ��
� ��0Ab�
! L
.1U �# R<�.

�
�. ��S
� 
� ����� � �#�# |� �S��MWh 42/24 .��� �1.V ��# ��

. R�� ��S� �� ��1B� = 1 �
�. ��S
� �# ���
	. �
<.� I1� ������ �S��

MWh 48/23  N�
� �� �1% �a�
`.4 �. �
	
 �� �1��#.1�# 

(u,�) 

(�)  

 X<%5 mU
% � #0� L����n= :CVaR  L����n= ��S� ���  ��)�. � ��0Ab�
! L
.1U

�
�  �:�� �1% ��S
� �#�
�.�S�� . L����n= (u,�CVaR. .#0� L����n= (� 

 X<%6 L����n= ��S� �� �=���3 13�� �@��U /0�Q. L����n= :� ��)�. �  L
.1U

0Ab�
! �
��
� ��
�. ��S
� �# {�6�# �#�S�� .  

 �# X<%)6( ���UP �# �1% ���UP �>�
� R�A

�. ��S� �� S
�

 u�6b. ��#
B.� Ab�
! �
��
� ���
	. I1� �,
3 �# ���� 0 �

0,00,20,40,60,81

٢٣٫۴

٢٣٫٩

٢۴٫۴

٢۴٫٩

0%20
%40
%60

%80
%

10
0%

β

 �
>�


�
)

M
W

h
(

 {�6�# �# ��M�cDR

٢٣٫-٢٣٫٩۴ ٢۴٫۴-٢٣٫٩ ٢۴٢-٫٩۴٫۴

۶۳

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

ijq
p.

ir
 o

n 
20

26
-0

7-
12

 ]
 

                            11 / 14

http://ieijqp.ir/article-1-1014-en.html


���8��� �1. W� ���3�.p
-�
� �
��
� R6M�9 �f
 �# 
� �S
Q. �
9���
 ��##
��	�! ���� 1�1@ �����-; I1� � ��G!
�

���� ���	
- ��� ��� ���� � ����� �	�� ! �
� ����� ��� � "�#�
�$ ��
�%3  �!
�! ��
�%40 )��
! 1404 

3 ���
	. 
�
V ��h��1 ��S
� �#�
�.�S��  .��� �1% �#�# N�
�


�. da� �>�
� ���UP ��)�. N��)M� 1�,0= N�
� ��06� 
= #0%

���UP >�
%# o��Y S� �� ��G!1�1Q= ��)�. N��)M� 
� �G, .#0�
 ���a@ S
�

>�
����UP �# �1% ���UP ��.

�� W2�� �S
Q. �
9���
 5S
� �� �)��

�. N�
�.1�#  

�Q. u�6b. ��#
B. ��S� �� 1�� S�� ��S
� �# �>�
� F��M ��)�. /0

�  ��M�c � 0Ab�
! �
��
� {�6�# �#�#  X<%)7( 
�
�N  �1% �#�#

 �� �62��� L1% �� 1�� S�� ��S
� �# �1% �6U��M �>�
� ��)�. .���

 ���n= ��)�.� �� .�����0Y ��M�c �h��13 �� �

.S �# �� �
��
�

S
� �# 0Ab�
!�
�. �� �S�� ��S
� �# �>�
� F��M ��)�. ��� {�6�# �#

 
� �S
Q. �
9���
 k�0= 1�� S��30%  S� N�
�MWh 54/179  ��

MWh 13/125  �� �6,
3 ���� N�
� ��)�. R�� .��� �6M
� N�
�

 �#���. �
<.� L
.1U 0Ab�
! �
��
� ��S
� �#�
�. �S�� �6%�1
 #0@�

 
� �� ��0Y �� 5�#0� �6��18%  S� 5N�
�MWh 44/145  ��MWh 

13/127  �
��. �� 1�� S�� ��S
� �# F��M ��)�. N�
� .��� �1���

 #0� ��)�. �$ �9� � �#0� �>�
� R�._= �� �S
Q. �
9���
 1��= N�
�

�. N�
� �� �
f6
� #�0. �%

 ����@ 
� ��@�0. �-U �
3 R�� 
� 51�#

 N�
� )�
 �� �1% 1��6. �>�
� R�._= I1� S� ��� N�! W2�� � �#�#

�.

���. "� �� �)�� .1��

 X<%7 :���UP �# �1% ���UP �>�
� R�A

�. �2�
B. u�6b. ��#
B. ��S� �� S
�� 
�:�� I1� �,
3 �# ����  �h��13 �:�� � 0Ab�
! �
��
� L
.1U ��S
� �#�
�..�S�� 

�
K.S ��S
K� �# �S
KQ. �
K9���
 L]#
Ka. /0�Q. ��)�.��;��  �K� )�


 ��#
B. ��S�u�6b.  R��j�� � {�6K�# �# 0AbK� 
! �
��
� L
.1U� 
) X<K% �#8�. �1�
K	. �<

�$ .�K�� �1K% �#�# �
K	
 ( v�
6
 �# � #0K%

 0AbK� 
! �
��
� L
.1U ��)�. ���n= 51K%  �1�# )�
 ��� �1. �� }0��.

�
.S L]#
a. ��)�. �# {�6K� # �# ~0K7 U �� 5�S
Q. �
9���
 ��;��

��)�.  �>�
�.��� ��G9��^
= 5�1% ���1��U

 X<%8 L����n= ��S� �� 1�� S�� ��S
� �# �>�
� F��M ��)�. /0�Q. :� ��)�. � 

�
� ��0Ab�
!  ��S
� �# {�6�# �#�
�..�S�� 

W2�� ��)�. L����n= ��)�. �� �$�9� �S
Q. �
9���
 ���G!

�
.S ��S
� �# �>�
� F��M �#0� ��G9 ��^_= ��;�� ��^_= 5�
3 R�� 
� 5���

W2�� �S
Q. �
9���
 .��� �6%�1
 �>�
� 1��U ��)�. �� �
�1�$ 5)��9

 XaB6. 1��S�� ��S
� �# �>�
� X�0`= ���� ��6�� 1��= 51% �
�� �<

�$

�. �1�,0= �>�
� S� ��6	�� ��)�. #0� 1��0U �0aQ. �Q�6
 �# .#0%

�
.S ��S
� �# �� #0U1

��� F��M �� ��;�� ��S
� �# �>�
� 1��U #�0. �# .

�
.S 50Ab�
! �
��
� L
.1U �,#
a. �
<.� #0@� I1� �,
3 �# 5��;��

W2�� N��)M� ��)�. �# N�
� ���1B. d@0. �S
Q. �
9���
 �)��9

 S� �V ��1B. �� ��0Y �� 5�1% �>�
� 1��UMWh 06/13  ��MWh 

12/10 
a. �1% {�6�# 
� �
3 R�� 
� .��� �6M
� N�
��,#  L
.1U

0Ab�
! �
��
�5 �
.S ��S
� �# �>�
� 1��U ��)�. W�#)
 ��� �� ��;��

 ���n= ��^
= �� i.
� � �1%� .��� �#�� �a�e

L]#
a. ��)�. /0�Q. 5��
�
 �#  �# 0Ab�
! �
��
� L
.1U

) X<%9 �
6M� 5��� mb	. �� �0-

�� .��� �1% �#�# �
	
 (

�fM
`.. �S
Q. �
9���
 �
��
� ��S
� �# �V ���
	. N�
� d@0�
�. -

 �S�����-; I1� #0@� X�,# �� ��J2. R�� .��� �1%  R�� �# ���
	.

 ��S
�%

� S�  ��)�. R�� .��� ���A���Q= ���� 5�:�� p�Y �
6M� �0`


��1B. R��6	�� �� �

.S �# 5���
	. N�
�  0Ab�
! �
��
� L
.1U

6�# �# ��S
� �# #�13 ��� {�75% � 5��� S� 5�� ��0Y �MWh 7/36 

 ��MWh 8/9 .��� �6M
� N�
�  

١٫٠۵

١٫١٠

١٫١۵

١٫٢٠

β =٠٫٠β =٠٫٢β =٠٫۴β =٠٫۶β =٠٫٨β =١٫٠

ی 
ژ
ر
ا�

)
M

W
H

(

DR = %٠٫٠ DR = %١٠٠

0,00,20,40,60,81,0

١٢٠

١٣٠

١۴٠

١۵٠

١۶٠

١٧٠

١٨٠

0%20
%40

%60
%80

%
10

0%

β

 �
>�


�
)

M
W

h
(

 {�6�# �# ��M�cDR

130-120 140-130 150-140
160-150 170-160 180-170

۶۴

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

ijq
p.

ir
 o

n 
20

26
-0

7-
12

 ]
 

                            12 / 14

http://ieijqp.ir/article-1-1014-en.html


�1��0
 �
23��13�� ��-7. 5 5 �8���# �0!�
�1�9 
:�1���

���� ���	
- ��� ���� � ����� �	�� !  �
� ����� ��� ���� "�#�
�$ ��
�%3  �!
�! ��
�%40 )��
! 1404 

(u,�) 

(�)  

 X<%9 :�
.S ��S
� �# �>�
� F��M � 1��U /0�Q. ��)�. L����n= ��S� �� ��;���  �

0Ab�
! �
��
� L
.1U  ��S
� �# {�6�# �#�
�.�S�� ..F��M (� .1��U (u,� 

 X<%10 L
.1U ��)�. /0�Q. :�
��
� L
.1U 0Ab�
!  ��S
� S� �1% ���1��U

�
�. �S�� ��1B. L����n= ��S� ���  ��)�. � �0Ab�
! �
��
� L
.1U{�6�# �# .  

۶- � �%�����

�� �1. W� �,
B. R�� �#��3�.�.

�� ���� �� � �)��

�
�. ��S
� �# ���
	. �
<.� 
� �S
Q. �
9���
 ��##
��	�!S�� �M��. �

1%. �#
�! �0f�. �� �S
� F��SDDP  5��,
-. #�0. ��J2. X3 ����

 ����
� �
���n6. #0@� X<	. �� �1.V o8
M ���� ��
<6�� ��
��S
�

�
�. ��3�. �# �
B6
� ���� �<�� #0�; �U�� R��j�� � 1% �8��� �S��

n6.�
��� �,
3  ��J2. �# � #
��	�! I0� ��3�. �� ��� ��3�. S�

��3�.�
�. � .1�#�9 �M
:� �S��  

      �.

��
��	�!�# ���  �S
Q. �
9���
 W��#
�!�S
�  � ��S v�
6


:��� �1% X�
3  

•   �� ��S
� �# ���
	.�
�.�S��  �
9���
 �
f6
� #�0. #0�

 �S
Q. �� #�135/2% �#�# N��)M� ��� . �6a,� ��)�. R��

�. #0� ���n=���; �� �62��� 1
�0= �
� ��0Ab�
! L
.1U 5

���-; I1� ��)�. � 
� �
�13�� �#0� {�6�# �# ��)�.

p
-�
� .1%
� ��G! 

•  S�� ��S
� �# �S
Q. �
9���
 k�0= �1% �6U��M �>�
� ��)�.

 1��21%  �S
Q. �
9���
 L�#���. ��)�. .��� �6%�# N��)M�

�
.S ��S
� �#�f3i. X�
; S�Y �� ��;�� �� 5�6M
� N�
� ��

��0Y1��� ��� �� 
a��B= �>�
� 1��U ��)�. �� ��)�. � �

 )�
 �>�
� F��M97% .��� �6%�# N�
�

•  �# �0z3 ��S
��
�. �S�� ��J2. W2�� N�
� ���� ��.
�

 �# .���� = 0 ��S
� �# ���
	. �
<.� 5�
�. �S�� �62
�0=

��1B. W2�� mU
% CVaR  
= ��71/2%  #0a�� �1�	b�

���. 

I
9 ��0�� �� �1�� �
� #�0. ��S #��0. ��� �62�
��; �@0= ��

:#��9 

•  R�� �# �1% �62
�# t���. #�1�� � ��#
B. �� R�� �� �f


�. N�� ! �� �63 � �S
Q. �
9���
 #0� ��)�. �� 1�
�0=

 ���
23 )�,

V I
Q
� 51�%
� �^�. ��,
-. #�0. ���A�S
� �
6M�

R%�� 1�# 5��#
B. R�� ��� �� � L


<.� S� �� ��=

��#�1`. ��S
� �
��
�.�0Ab�
! �S�� 1��0U "���M �
� �

.#��V 

• �. 5�A���Q= W� ��0�� �� #0U 5�S
Q. �
9���
 �� 1
�0=

p�7. R�� �Q

�. ��0�� �1����! 1�,0= �
�13�� � �
91���

�<a% �A�# �0� S� � 0� W� S� �
B6
� �63 � O�S0= �
�

 �
�S
�
 R�.
= �# �S
Q. �
9���
 #�<��� �G, .1�� X��

S� �<a% ��G! p
-�
� ���@ ���@ S� ���UP ��M�c � �

�. �� 1�62� ���. L
�0:0..1
��9 ���; �@0= #�0. 1�
�0=

0,00,20,40,60,81,0

١٠

٢٠

٣٠

۴٠

0%20
%40

%60
%80

%
10

0%

β

 �
>�


�
)

M
W

h
(

 {�6�# �# ��M�cDR

-١٠ ١٠-٢٠ ٢٠-٣٠ ۴٣٠-٠

۶۵

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

ijq
p.

ir
 o

n 
20

26
-0

7-
12

 ]
 

                            13 / 14

http://ieijqp.ir/article-1-1014-en.html


���8��� �1. W� ���3�.p
-�
� �
��
� R6M�9 �f
 �# 
� �S
Q. �
9���
 ��##
��	�! ���� 1�1@ �����-; I1� � ��G!
� 

���� ���	
- ��� ��� ���� � ����� �	�� ! �
� ����� ��� � "�#�
�$ ��
�%3  �!
�! ��
�%40 )��
! 1404        

 
 

2���	  
Xie, M., Zhang, K., & Wang, Y. (2025). Discriminative 
pricing for adjustable capabilities of virtual power plants in 
uncertain environments. IEEE Transactions on Power 
Systems, 40(4), 987–999.  
 
Zhao, B., Li, C., & Sun, Y. (2025). Multi-objective 
optimization and demand response management in virtual 
power plants: Case studies and real-market 
evidence. Applied Energy, 352, 121894.  
  
Li, J., Zhang, Y., Wang, H., & Chen, S. (2025). Day-ahead 
economic dispatch of a virtual power plant considering 
distributed energy resources and uncertainties. IEEE 

Transactions on Power Systems, 40(7), 2245–2257.  
 
Zhao, B., Li, C., & Sun, Y. (2024). Robust optimization and 
bidding strategies for virtual power plants participating in 
electricity markets under uncertainty. Applied Energy, 345, 
120987.  
 
Vahedipour-Dahraie, M., Rashidizadeh-Kermani, H., & 
Anvari-Moghaddam, A. (2020). Risk-averse probabilistic 
framework for scheduling of virtual power plants 
considering demand response and 
uncertainties. International Journal of Electrical Power & 
Energy Systems, 121, 106126. 
  
Nokandi, E., Vahedipour-Dahraie, M., Goldani, S. R., & 
Siano, P. (2023). A three-stage bi-level model for joint 
energy and reserve scheduling of VPP considering local 
intraday demand response exchange market. Sustainable 
Energy, Grids and Networks, 33, 100964.  
 
Lv, Y., Liu, X., Liu, F., & Liu, P. (2025). Operation mode 
and economic analysis of virtual power plants considering 
demand response and distributed energy resources. IEEE 

Transactions on Smart Grid, 16(3), 2610–2620.  

��0a`.) .I 5/��S � 5.� 5�b�0<�
 5.� 5I1B.1401 #�<��� #0a�� .(

R�._=91�������
; S� �#
�6�� 
� �>�
� ����� �
 �# �
� ��0Ab�
! �
�

�<a%1��%0� O�S0= �
�. .���� � ����� ��Q��� ���� �# ��� 5

11(4) 528–38. 

) .I 5�

z.� � 5.q 5�B�M 5.� 5��Q
1394���� .(�
�. ���#�� �
� S� L1.

���-; I1� S� �%

 W2�� R6M�9 �f
 �# 
� �>�
� ���; �
� � ��S
�

�<��6<,� �>�
� �
:
B=. ���� � ����� ��Q.��� ���� �# ��� 54(8), 

74–82. 
Vahedipour-Dahraie, M., Rashidizadeh-Kermani, H., 
Anvari-Moghaddam, A., & Siano, P. (2021). Risk-averse 
optimal energy and reserve scheduling for virtual power 
plants incorporating demand response programs. IEEE 

Transactions on Smart Grid, 12(5), 4269–4280.  
 
Ghorbankhani, E., & Badri, A. (2018). A bi-level stochastic 
framework for VPP decision making in a joint market 
considering a novel demand response scheme. International 

Transactions on Electrical Energy Systems, 28(1), e2473.  
 
Freire-Lizcano, M., Baringo, L., & Garcia-Bertrand, R. 
(2019). Offering strategy of a price-maker virtual power 
plant. In SEST 2019 – 2nd International Conference on 

Smart Energy Systems and Technologies (pp. 1–6). 

 
Cui, K., Jin, Q., & Kong, D. (2019). Bi-level multi-time 
scale scheduling method based on bidding for multi-
operator virtual power plant. Applied Energy, 249, 178–
189.  
 
Shafiekhani, M., Badri, A., Shafie-khah, M., & Catalão, J. 
P. S. (2019). Strategic bidding of virtual power plant in 
energy markets: A bi-level multi-objective 
approach. International Journal of Electrical Power & 

Energy Systems, 113, 208–219.  
 
Goodarzi, J., Tolou Askari, M., Amirahmadi, M., & 
Babaeinik, M. (2024). The three-stage strategy of bi-level 
optimal energy management in the distribution-home 
network based on golf optimization algorithm. IEEE 

Access, 12, 183973–183990.  
 
Seyedi, A., Tajeddini, M., & Li, F. (2025). A bilevel 
multistage stochastic self-scheduling model with demand 
response for virtual power plants. European Journal of 

Operational Research, 309(3), 1025–1041.  
 
Fatouros, P., Konstantelos, I., Papadaskalopoulos, D., & 
Strbac, G. (2019). Stochastic dual dynamic programming 
for operation of DER aggregators under multi-dimensional 
uncertainty. IEEE Transactions on Sustainable Energy, 
10(1), 459–469.  
 
Li, Y., Lin, H., Bin, L., & Yang, Y. (2025). A multi-stage 
DRO-SDDP approach for planning multi-type energy 
storage systems in power grids. IEEE Transactions on 
Power Systems, 40(6), 2732–2742.  
 
Ma, W., Zhang, C., & Xu, W. (2024). A stochastic bi-level 
optimization model for self-scheduling of virtual power 
plants considering demand response and market 
uncertainties. Applied Energy, 347, 121034.  
 
Nord Pool. (2021). Nord Pool market data. Retrieved 
September 24, 2021, 
from https://www.nordpoolgroup.com/Market-
data1/#/nordic/table 

 

) .� 5�1��0
1402�8��� .(� � ���� �`-��# �=]
�63� �
6U
� W

�.

������� �)���
9���
 � L]#
a. ��S
� R6M�9 �f
 �# 
� �S
Q. �
�

�
�.1�@��� �
A	
�# .(��6�# �,
��) �
� ��0Ab�
! �S��.  

 
GAMS Development Corporation. (2021). SCENRED2. 

://https Retrieved September 21, 2021, from www. 

gams.com/33/docs/T_SCENRED2.html 
 

���g�,���  
1- Karush–Kuhn–Tucker conditions 
2- Mixed-Integer Nonlinear Programming 
3- Dual Theory 
4- Mixed-Integer Linear Programming 
5- Stochastic Dual Dynamic Programming 
6- Unit-Commitment Problem 
7- Conditional Value at Risk 
8- Bellman Equation 
9- Nord Pool Market 

۶۶

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

ijq
p.

ir
 o

n 
20

26
-0

7-
12

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://ieijqp.ir/article-1-1014-en.html
http://www.tcpdf.org

