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Prediction of the Amount of Energy  
Consumed in Existing Educational Buildings 
Using Artificial Neural Networks and Its Effects 
on Reducing Carbon Dioxide (Case Study of 
Mashhad Schools) 
 
One of the major uses of energy is in residential, commercial, 
educational and other buildings. One of the effective ways to 
reduce energy consumption in these buildings is before 
construction. But many buildings are already under construction 
and a solution must be found to reduce energy consumption in 
these buildings. One of the important solutions is to predict the 
amount of energy in these buildings. In this case, the energy 
consumption can be evaluated before and after some changes in 
the building. This article addresses the issue of energy prediction 
in existing school buildings. For this purpose, a number of 
important physical characteristics of the building and its energy 
consumption based on consumption bills have been collected in 
the field. Then an artificial neural network is used for modeling. 
Using the results of the model, the energy of buildings in schools 
can be predicted. Finally, the effects of reducing carbon dioxide 
with respect to energy savings are discussed. 
 
Keywords:   Energy Prediction, Artificial Neural Network, School 
Building, Carbon Dioxide. 
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8- mean squared error 
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9- root mean squared error 
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���,��� ����
�� �� ���0� >��,� ����
�� �8 ��8�, 

 ����
�� ���8 ���<��
 �@�D� z�8 s�<�� �� !� =!��

�i� �1 ���,��� >�@�A  �,�   �@�D� XE �� !� �� � 	��

�,� ��E >��,� z�8   j<`W 	��1�8 >/-� >8 �i� .	��

���1 P�<D8 ��A � z�8 �� ��  �� !� =���1 >8 ��!� � ,��8

K��; �1 �@�D� �?��� �� xC0� ���  =!!Q; ���8 �,��8

 �� �xC0� ���1 4 �1 >����� �@�D� �?��� �� !�

=!2��!� �,� �1����� ��!A    !� ���<� ,!� ���� �1 .	��

>���1 �@��� a��,� �1��<� �gQ8 �1 >/-� >8 >B<; �8  ,��

�,� �<i-� >8 p!W1 ����  >����� =!2��!� �� _�� =� �1 �;

�1����� ���1 =� �� ,Q8 � X`W �����1 �1 b�D�  ,�� 

 �;��`� >8 .	��  �8 ���<� ,!� P,� �1 �@�D� �?��� �21

 ���8 � bNT �=�@��� s�<; �?��� 1���� b�D� >8 >B<;

���1 �� ���1 =� �1 = 2�B �?��� b�D�  ,Q8 � X`W ���

�1����� P,� =�  �,�   �1<8 =� �8 j�@ =!-o�� .	��

�<gT ��,��� _�� =� �1 >E >���1  .	��  

 �gQ8 �1����
�� �a��,�  �� ���
 �1 ��21 ���

����
��  �!i� ,�1<8 >��,� �Ge�a:E �>��
����  ���

����
�� =� � ���!H � ���<�^ ����A��E �a�1   !� ��

>8 �,���1 �@�D� �?��� �,� �<i-�  �?��� �� !� �����

����
�� =� �@�D�  �� �,e�1 ���OT w�\3 >8 ��

 �,� j�@ >��,� �Ge� ����
�� �� 	`�� =� >8 �

��E ����
�� XE �@�D� �?��� �� !� �,1�A  .	�� 

��Z��� l�V �� !� =!!Q; ���8   �� {� �����<1 P���T
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���,��  ��@�D� q3�D� U<� a����8 �����<1 	��CV ��!A

��Z��� l�V �� !� ,� =!Q; P���T  ��Z��� l�V)

8 ����,B P���T>  �,� _�O�� ���1 P�`��\� P�<e

������
�� �gQ8 �1 .(	  �!f�� ����<1 	��CV >E ��

w�\3 �`�Z; 	��CV ��gQ8 ��1<8  �,1�A   =!-o�� .	��

 � 4!���� ��<� �� �Ge� ���� �1 a��,� �� �gQ8 �1

��<� �1����� �1�,�� ���   �E 	��CV 	G� >8 >E �,�

�^ b�e �^ P���T ��Z��� l�V ��  �i��,�   �1 .	��

�V >`��\� 1�<���Z��� l FZ� P���T  >8�0�  !� ��

�,� X�� ����<1  .	��  

 �� ���E 	��CV �8 �����<1 �1��<� �gQ8 �1

V ����1 >E >��,� �Ge� ��<1 	��C ���E 	T���

 	��CV �8 �,�1<8 �B��
 �����<1 	T��� XE >8 	`��

�,� j�@ �/ >��,� �Ge� ��<1   .	�� �1��<� �1 >�`3�

8 ��>  >��A�,B P�<e�,� >�@�A �i� �1  .	��  ��T�� >8

 �����<1 U<� =� �E 	T��� 	G� >8�!cr; �1 �^ ���NA

�,� � XE 	T��� .	�� �E ��!�8 ���� n�1 1�<� �1  ��

��O-� � ��Z��� l�V �� !�  !� ��  �� !� a����8 P���T

�,� >�@�A �i� �1 ��O-� qR� �� �?��� b:;�   �� � 	��

 � � G@ >E ��O-� ��@ �/|<E w�\3 >8 ��1<8 �8<| �gQ8

b�e �qR� �,� �i�  ��O-� >E 1��<� �gQ8 �1 .	��  ���

��O-� Xv� �1<8 P�����  ��Z��� l�V ����,B�1 ���

�,� ����� >��A�,B P�<D8 P���T   �1 =!-o�� .	��

8 1��<� �gQ8> ;��E �� >0!� ��B=  �,� �1����� 	�:�

��Z��� l�V ���� >E �,� w�\3 >0!� P���T   	��

�,� j�@ �3<�Q� >0!� �1�Q�  !� 	�</� >0!�) 

 >8 .(	�� �1�� X!31  	��W z�� ��Z��� l�V ��,� ����

n�1 =!k�� �,� >�@�A �i� �1 >0!� �8��8  !� � G@ ��� 

 ��O-� ~<R� ��� >8 	`�� qR� =� ��� �	��  �� �G!


�E  ��  .,��8  

gQ8 �1�  �Ge� ����
�� �� �!H >8 a��,� ��

����
�� �>��,�  >��,� ����
�� P���O� �1 ���

>@�V�  �,!`�| �Ge� ����
�� >8 >E �,�   �1�`; � 	��

����
�� U<� =� .,���1 �;���T  � FZ� U<� ����1 �gQ8 ��

�� �Ge� ����
�� �� P����� ��<1  �<i-� >8 .,-��8

;�,� ��E �1 X!.� ��Z��� l��V >E �1��<� �1 ����� 

 ���,B ���8 P����� P���T  ���8 �!f�� 	��CV �8 ���

 >8 >B<; �8 �1�Q� 	T��� 4 �>���1 1<B� q3�D� 4

w�\3 ��^ P���T ��Z��� l��V  �,�   .	��  

�i� >8  ����
�� >/-� �� 1<B<� hV� �1 ��  �,-��8

0� �� FZ� U<� 	��1�8 	.B �X\� �1 x!C0; � P�,��

�,� �,-8 h�B ���.� � �,� �1�����   	��CV .	��

FZ� U<� >8 >B<; �8 a��,� �Ge� FZ�  FZ� U<� ���8 ��

 	��CV �-�8 � �8�V25  �<G8 >|�!; ���8 � ���!����

 	��CV40 �,� w�\3 ��� �����   1��<� �gQ8 �1 .	��

,��8 �� � G@ z�� � ���1�^ X��� 4`� FZ� �� �� .

 b�e  !� FZ��1 �Q8����� 4 1�,T 4|<E ���<���8

�,� �i�  .	��  ��
 X
�1 �� �B��
 �����<1 ��<�

�i� �1 ,!�� }A � }A �,� >�@�A  �� �� �gQ8 �1 .	

�� 	��W �1 a��,�=!  ��<� � �-� ��<� ���<1

 ��21�,� 	3<.� ���8 >E �1<8 ��<� ��,8 �  �����

,� w�\3 �GE ��<� �����  .	��  a��,� 	
�� ���

 ��� 1�,T �� �8�C���1356  ��� 1�,T �;1381  �!f��

�� ��1 �8�C��� a��,� =!-o�� .,��8� P�Z`S 1�,Q; �

 ��,B �1 >E ,�1<8 P�����3 �,� �1�1 ����  .	��  

 ��,B3- P�Z`S 1�,Q; � a��,� 1�,Q;  

P�Z`S 1�,Q;  >Z`S 4  >Z`S�1  >Z`S >�  

a��,� 1�,Q;  5  16  1  

 z�;� 1�O� ���8 a��,� �� �gQ8 �1 >/-� >8 �i�

 >E �,� �1����� �Ge� ����
�� �� ����W �� >��
�<;<�

 u�`;�� �Ge� ����
�� >8 �X
�1 �� � �1<8 �,B z�;� �gQ8

� ��<1 �E qR� >8 >B<; �8 U<�O� �1 >E >���1  n�1

<;<� �1��� �����<1 qR� XE >8 	`�� �>��
� 	.B

�1�� �,� ���� �1 ��<1 >��
�<;<� >8 �1��� qR� :E �

�,� >�@�A �i�  ����,.8 {��� ���8 .	��  >8  !� ��

�,� X�� <\� =!��   >E �1��<� �1 =!-o�� .	��

 >��,� �Ge� ����
�� �8 ���0� ���,��� ����
��
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 �Z8�� � �,1�A ��E �Ge� ����
�� �� 	T��� =� ��1<8

�,� ����
�� �,� ����  .	�� :S� >8 u<8�� P��

 P�DC0�22  P��:S� X��� >E �,� 	��1�8 ����
��

�� �`D� >/`� �B��
 � �1��� ���8 �.�  �1 ,��8

 ��,B4 �1�1 ����  �,�   	T��� ��,B =� �1 .	��

FZ� 	T��� ��B��
 �����<1 n�1 	T��� ���  � ��

��O-�  �.�^ �� _�,E�� P���T ��Z��� l��V � a��,� ���

 =!-o�� � �<S �1 >��,� ����
�� �1 �@�D� �?���

>� �,� >k��� ���  .	��  

 ��,B4- a��,� �� �,� 	��1�8 P��:S� � P�DC0�   

 �����

a��,�  

 b�D� �� !�

 �?���
(kWh)  

 P���T ��Z��� l�V

�� n�1 � �� ��O-� 

(
W

M	K
) 

��O-� 	T���  ��

n�1 �  ���

 �B��
(m2)  

 ��Z��� l�V

FZ� P���T 

(
W

M	K
) 

 	T���

 FZ�
(m2)  

 ��Z��� l�V

��<1 P���T  

(
W

M	K
) 

 	T���

�B��
 ��<1 
(m2)  

1  55/42471  8/5  39/166  21/2  6/487  45/1  47/563  

2  97/18571  8/5  36/81  21/2  32/506  45/1  57/300  

3  34/36538  8/5  79/99  21/2  26/622  45/1  45/276  

4  78/36919  8/5  43/92  29/2  79/378  55/1  48/403  

5  98/31087  8/5  93/154  21/2  83/474  01/1  50/690  

6  26/38165  8/5  48/110  21/2  97/792  78/1  77/413  

7  39/35823  8/5  21/150  29/2  4/439  79/1  05/452  

8  36/41065  8/5  77/129  26/1  01/528  10/2  05/534  

9  27/38727  8/5  58/99  98/1  84/745  65/1  54/356  

10  55/60063  8/5  30/98  61/1  25/616  59/2  54/656  

11  65/46103  8/5  64/128  29/2  29/590  10/2  16/470  

12  83/24001  8/5  21/63  29/2  34/463  93/1  37/299  

13  42/87189  8/5  43/174  61/1  41/646  33/2  89/925  

14  71/45449  8/5  1/148  29/2  82/690  10/2  11/586  

15  22/33494  8/5  12/161  29/2  76/612  93/1  58/460  

16  53/28756  8/5  15/136  61/1  04/507  93/1  9/513  

17  87/37971  8/5  95/94  21/2  38/548  78/1  77/528  

18  42/35235  8/5  32/189  24/2  88/597  65/1  09/642  

19  73/47645  8/5  07/123  21/2  22/534  78/1  77/528  

20  19/49818  8/5  25/130  29/2  02/639  10/2  13/549  

21  9/41696  8/5  83/128  29/2  48/684  37/2  91/593  

22  75/51716  8/5  62/124  29/2  12/534  10/2  46/488  

  

5 - ;�< =�� ���/� ���*� �.��  

�,� ��C8 =� �1 �1�1 ����  �,� >k��� 	.B ��

�!� -!8� �� _�O�� �?��� h�B .1<� �1�1 ���^  �1 ��

�,� _�O�� 	.B a��,� �1�,Q; �� X`W 	��W ��� �

 P�DC0� � P��:S� 	��1�8 �1 �.� 1��<� � ,� _�O��

����
�� q!V<; X`W �C8 �1 >S<8�� P�!V�@ � ��  �1�1  

.,�  

�,� ���8 ������ =� �1  �`D� >/`� �� ����

�,� �1����� ��<-D�   �`D� >/`� �,� �1 .	��

�1�1 �� 9�<�^ �,�8� �>/`� �1 1<B<� ���  �1 � ,-!8
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GT���1�1 ,Q8 > � ����`��� � 	�; 1�<���W �O-�  

��  �� 8� >`QB �� ��`D� >/`� 1�O� �<i-� >8 .,��!A

�,� �1����� lG�� �� @� _�� �1 �`D� >/`�   �1 .	��

 >Y�1 �`D� >/`� 4 �� lG�� �`D� >/`� �� 8� >`QB

�,� �1����� <GB >8 �� ��0��� �8   X/� �1 .	��4  ���
��

�1�1 ���� �`D� >/`�  �,�   ���8 4�\; h8�; .	��

h8�; ���.-� >YLog-Sigmoid   h8�; �B��
 >Y ���8 �

 �R
Linear ��  {� ���<23� �8 >/`� 9�<�^ .,��8

��`�<3 ��0���-  �� {�8 � �� ��� >E �,� _�O�� P�<E���

<� �� >-!.8 ���<23� =� �8 1�-��� �8 ���<23� =� .,�

,-| Xk��� ���8�1�1 �8 �,Q8 ���  l��-; �8<C8 �i� �8

h�� lGH� ���<23� =� =!-o�� .1��1  {� ���<23� =�;

 	�� lG�� �� @� _�� �� 8� >`QB �1 ��0���(R2013a).  

  
 X/�4 -  �`D� >/`� ���
��(R2013a).  

�� �`D� >/`� ���
�� 1�O� �� {�  	��8

�1���  >B<; �8 .1<� xC0� �`D� >/`� �B��
 � ��

B P��:S� >8h� ���^   ��,B �1 �,�4�1��� �  ���

 X��� �`D� >/`�22  �� X��� �a��,� �� >�<��

 ���<1 P��T ��Z-;� l�V �����<1 	T��� X��� �1���

��O-� 	T��� �_�8 P���T ��Z��� l�V �_�8 	T���  � ��

n�1 ��O-� P���T ��Z��� l�V � �� n�1 � ��  ��

�� 4 �,� ��� �1��� hW�� �1 .,-��8  �8 {�;��22 

�� �<�� �� � �R�  >E �`D� >/`� �B��
 .,��8

�� ����
�� �@�D� �?��� ����  X���  !� ,��822 

 ��,B �� � �1<8 >�<��4 ���C��� �� P��`� >8 .1<�  �21

 �8 {�;�� 4 >/`� �B��
22  �<�� 4 � �R�

�� .,��8  

��!� �`D� >/`� 1�O� ���8 �1�1 	��  1<B<� ���

8 >� >8 �>/`� 9�<�^ ���8 �1�,Q; .,�<� �!�Z; �C

 �1 �O-���`��� ���8 �� �1�,Q; � 	�; ���8 �1�,Q;

�i� �1�1 XE �� >Q3�R� =� �1 .1<� >�@�A  1<B<� ���

�,� ���8  ����60  �9�<�^ ���8 ,e�120  ���8 ,e�1

 � 	�;20 �1 �O-���`��� ���8 ,e�1 �i� >�@�A  �,� 

 ���� 1�,Q; .	��  ���8 �� 1�,Q; >8 >B<; �8 �`D� >/`�

�1�1 1�,Q; .,� >�@�A �i� �1 m-� �8��8 1<B<� ��� 

���� �E ��� [��8 _,� �� z�`R�� 1<� � 1�,Q; 1�� 

���� ��� [��8 �� 9���8 �!8 1<� � �-\-� �����8 =!8 

=� u�Z� >8 P,� �� ���<�  ,-E]27[. 

6 - ;�< =�� ?���* �.��  

O� >8 >B<;�8 >GT�� =� �1�!� �,� 1�  �?��� �-!8

�1��� �@�Q� � a��,� �1 �@�D�  ��,� �B��
 � ��

_�� �1 �� �`D� >/`� �,�  m��� � �1<�� ��B� �lG�� �� @�

���W [\8 1�<� �� =,8 .1�!A   l�V ������� �1 �<i-�

�1�1 =!8 �2��`��  >E �R
 P�Q8�� =!2��!� >0� � ��

� �`D� >/`� �1 �,� �1�1 q!V<; :`W���W ����8 1�< 

�� 41 � 4 >8 �2��`�� l�V ��,Z� >|�� .1�!A  �;

.	�� ��.8 ,��8 ���E �R
 P�Q8�� =!2��!� >0� �  

 X/� �15 - F3� �1�1 ���8 >/`� m���  9�<�^ ���

�,� �1�1 ����   l�V ��1<�� X/� =� �1 .	��

�1�1 =!8 �2��`��  ���R�1�1 ���8 �  ���� 9�<�^ ���

�1�1  ,��   ��,Z� 	�� xC0� X/� �1 >E �<R���� .	��

R  �8��8979/0 ��  X/� �1 .,��85- �n  l�V

 �2��`��R�1�1 ���� ��1�1 XE ���8 �  �,�   >E 	��

 ��,Z�918/0 �� .,��8   

 X/� �1 =!-o��6  �`D� >/`� m��� l!;�; >8

�1�1 ���8 	\e � 	�; ��� �,� �1�1 ���� �O-� 

  ��,Z� .	��R ���8 �1�1 ��`��� � 	�; ��� >8 �O-�
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 l!;�;806/0  �992/0  .,��8 ��m��� 1<� �� �,��0� ��1�<
�8 �8<
 	W1 �� .	��  

    
(F3�)  (n)  

 X/�5 - �1�1 =!8 �2��`�� l�V  ���8 �`D� >/`� �QW�� �B��
 ����1�1 (F3�) �1�1 ����; (n) � 9�<�^ ��� ��  

    
(F3�)  (n)  

 X/�6- ��`�� l�V�1�1 =!8 �2 �1�1 (F3�) ���8 �`D� >/`� �QW�� �B��
 ��� �1�1 (n) � 	�; ��� �O-� 	\e ���  

 X/� �1  !� �`D� >/`� 1�/G��7  ����  !�

.	�� �,� �1�1 8 ��R
 �� !�> 	�1   >/`� �� �,�^
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