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���@  

� ���9 :�
���� ;�� ��0< �=>�?�@ A�B� 8���C �D ��  
���� - ���6	 �>@ 
���� � ���E	-� 8��FG>� ����. ��H� I��5 �D@ -��D ����� �J� ���  ���7
�	��/ � .����9 A�B� � :L� ������C �>�M 	N�-�� ��D��������9 	3/�D � ��� ������ 
�	-� ����� ��O� ��. �� ���P �8�� �Q�J�@ �>�	����� ��-� �D ���D@ 

RN�. � ��S�� �>@ T��U ��	4�� -�6	 NV �������� :���@ 
����� >�L�D� >�L�D �R
�N� �	�
���� >�L�D �R
�N� �����/ :��� ��� �R
�N@ �W��)���� 
 �D ������ 8��L ������2 �J��� ��. A�B� �D ��XC .��� �>@ 
���� RN�. �YZ	[� �>@ ��D ���)�@ < ;�� �� �>��Z D)S� G���� ��  ���G> �D�1 �D��Z 

	3��8�� L�� �����D�� �	��/ ���7 G> �D .����9 0D ��-���� ���9 �
�T �Q�J� ��-� �D �>@ \�]� � � R[3� ��������0�3 ��. ���.  

�A32 0�/ 0���=: 
���� J� ����/ �-��� ������ A�B� �>@ 
����� �� ��D��� �� I���T��. 

  
 

Comparison of Performance of Prime Movers in Micro-Trigeneration of Heat, Power 
and Refrigeration Systems for Two Conditions of Power Driven and Heat Driven  

  

Department of Mechanical Engineering, Qom University of Technology, Qom, Iran  M. Karbasioun 
Department of Mechanical Engineering, Qom University of Technology, Qom, Iran M. Danaeian 

Department of Mechanical Engineering, Qom University of Technology, Qom, Iran M. Mohseni 

  
Abstract  
In this study, classification of various prime movers which usually used in the mCCHP systems has been investigated. Then, 
different parameters affecting the performance of the mCCHP systems such as primary energy saving, net efficiency, renewable 
energy ratio, and working time, are compared to each other. The mentioned parameters are evaluated for both compression and 
absorption chillers with the presence of a backup boilers. Finally, based on the consumer demands, the optimized configurations of 
the systems have been suggested. 
Keywords: trigeneration, micro scale, prime mover, power driven, heat driven. 

  
 

1 - ���)�   

:��� ^D��� =>�� �D �S�� �D@ �N�- L� M5�T �>@ ��Z�� 
F>��� �>@ ��0D ��@ :��� L�@ �>@ ���/ � ��S���= �L��9 -�6	 �>@ 

���� �>� �� 8��FG> �>@ N���� � _�-���W DXJ��� 
�� ��B� ����  8���

`� � I���T ���I�� . ����� �>@ ��. \�]� JB� ���� .������J�  �
��S��� �L ����� -�6	 �>@ 
����  9	��/ a�	. b�T �� 8��FG>

�� �.�D ��U �D@  �L���� ��7  P-�� 8�	Z2�� �� c�D �5��
-�6	 �>@ 
���� �d� 8��FG>�9 �� ��. � �> ���7 ��9  �� ���J�

 b�-2020  �D14 ] �-�D 8�	Z2�� c�D M� �5��1,2 ���� �� .[
-�6	 �>@ 
���� - �8��FG>�6	 �>@ 
���� �- ���/ �� �.�D  ��

������� 
���� -�D I���D��Z �	�
� 8������ 
����  � ��.��  I���T
�X���  .��	> ���� ���1 F��� -�6	 �>@ 
����  L� ���E	-� ���/ �-

��Q� I���T� -�6	 �>@ 
���� � b�- h�/ b�]� �� 8��FG>� �.�D 
�F�� _�- ���= ��0D ��@ � �0��� ��. .  

-�6	 �>@ 
���� 
�� 8��� �i� L� 8��FG>��@ - ��4D� ��G	�  �D
��<�9 J� �	-��6 �� ���.  b��S �� ��1 �	0D .�-� ��. ��V�9 

F/��� ��D@ 8�G	N�- �� ���E	-� ���. �I����� ��> D � �>�8�	-��G �> 
- L� ���E	-��6	 �>@ 
���� J� �� ���/ �- � 8��FG>��� ����� 

�� �.�D hLj .�D - �� 8��� �k���T �-� ��V�6	 �>@ ������ D�9 10 
 ��50 ���Z � I��� �.�D ]1-3.[  

  
  

 C2��1 – 6���� D37�3  ��	 ��17� �37� ;��3 ,� ���E�/ ��17� 0�/

]3,2[  

8��FG> ��
�� 6	�- ���J�  ����	�
� 8��� ��
�� 8�F��  

m�FD  m�FD  L� ��2 MW 

1<��  �FD m  L� ��35 kW 

�����  1<��  L� ��35 kW 
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>�L�D� -�6	 �>@ 
���� J� �� 8��FG>��� �����  �D ���
-�6	 �>@ 
���� J� �� 8������ /��
� ��� �-� �	G� m�FD� ��S� 

��5 �� F> ��	G���� �>@ ��� L����@ �2� � ���@ ����9 ��� >�L�D� 
a�Zn� - �D ��� ���6	 �>@ 
���� J� ���/��S���  ��4D� � 1<��

��D �� ��. _�- �0�� _-���@ �0. \��]� �� ���E	-�@ 2��N�� 
D��� _-��� ] ��.�D ��1-3���G� .[ �@ � L��h��/� ���ZGC@ 
-�6	 �>@ 
���� J� �� ���/ �-��� �����  M�. ��1  ���� 8�3�

.�-� ��.  
  

  
 H	1 –  2,�� ;��)� �- ���: �� ��17� 6����]3[  

  
:�
����@ �>@ ��4	�@ ��D@ �>�T��@ 
���� J� �� 8��FG>��� 

����� I��E� .�-� ��. �o��� �>@ T��U� - ���6	 �>@ 
����  8��FG>
��/���/ ����� ��� �� ����� 60� L� �� �.�D ���9 � �0��� 8���  I��E� �D


�� A�B� ;�� ����� ?���	-�@ �� ��D M�. �D \�]��� �� I���T ���� 
���	-�?@ < ;���8��� �FS�@ -��6	 :��� L� ���E	-�@ �>@ �W��)���� 

�� �W��)������  .��� ���.�  
      b�- �� �>@ N��� -��D� �>@ D���@ ��D@ T��U� 

-�6	 �>@ 
���� -d� 8�-��0� 9GW�� P-�� 8��FG>�I� ������  �
JJB��9 ] �-� �	��/ I��5 YZ	[�4 -13T��U h�-�� (�� �- .[� 

- p�FS� a�[	�� ��6	 �>@ 
���� ��D P-�� ����/ �-�� ]3[  � L���3� �
>��D��G� ]6[  �� ��. �o����� >��D� P-�� ��. �o��� (�� ���G�  �

L�� rn�� b�5� L� L���3�@ ��H� (�� �@ -�6	 �>@ �/@  ��D@ 
0D a�[	����� Z5� A�B�� �FS� �@ -�6	 
����  ���E	-� 8��FG>

��D .�-� ��.�� ]3��	-� I��-�B� b�5� L� ��N (�� �� [���  ��0D ��D
�� ��D �Q�J� 9	.�� �D ����	D ��@ :���@ ]�\� ������  M�. �D

	3/L�D�� ��L� ��]�� \�]� - YZ	[� ;���� �D �� ������6	 
���� 
- ;���� � 8��FG>�6	 ����D� 	3� ��8�� �d��9 D .����s���  �

=�����G> ]7[ .�� L� ���E	-� �D� ��D (�� �D�3����   �� ����� ;�� ��<
��]	7� �i� L� tu- � a�[	�� ��L�D L�@ N�D �� RN�. �>@  �60�

-�6	 �>@ 
���� -��D �� 8��FG>� �F
� .�-� ������� =�����G> � 
]8 [��D (�� L� ���E	-� �D���  L� ���E	-��1 -�6	 
����  �� 8��FG>

J���� ����� ��- �Jn�� �� ��@ ��u-� ���� ��]	7� �i� L�@  I��v� �
:���@ �W��)���� -��D 8� ��� ���� =�����G> � L�w�� .��� ]9[ �� F


�� �T���� :�
���� �D 8��FG>@ 
�	-� ������O� ��C M�. �D ��@ 

-��D ����� ���� ���7 
�-�� .����t =�����G> � ]10[ ��DT��U b���  �
0D��� L�-@ 
�� �T���� J� �� 8��FG>��� ����� 	N�- b�Z- ;�� L�� 

 8��� �D1 ��I���Z ���D � .������G@� X��� ��	- �@ ]11[  L� ���E	-�
��>�T�@ 
���� J� �� 8��FG>��� ����� ��. �� ���P ��> � a��� 

� YZ	[��8�� -��D� �J� ���/��S �
�T �D �� 8� ��� ���� 
 .�����  �
 =�����G>]12[ �	-�� ��@ -��D� ���. �>@ ����T� �	�
� ���� 

-�D��Z -�6	 �>@ 
���� ���� 8�3� �8��FG> � ���2< �� ���� 8���  L�
��9 -�6	 �> �	-�� ��@ 
���� ���. c�D � I���T  .��. ���E	-� �>

u-�w���<���/�  =�����G> �]13[ - ;���� �4
�n� �D�6	 �>@ ��M 
	N�-� 
���� E]� �� 8��FG>�� ���N �>@ D L� ���E	-� �D aXQ���L�/� 


����@ �J� ��� :�
���� �D �0��@ ��D�������9 �>����� �@  c��	T�
ZN��� �	N���� ��� .  

�� ��9 ��H� I��5 �D �� =>�?�@  ��0< ��-� ��. h�W��
:�
����@ 
�� A�B� 8���C �D�� - ���6	 
���� J� �� 8��FG>��� 

����� ��D@ �d��9 ���>L�@ 2��N� ���S L� �>@  M�. �D � I��E	�
ZB��Z� ��D@ �� ��D �
�T ���� �� I���T ���� �J���  .�-� ��.

�sG>�9 < ;�� �� �>�G���� �Z� D)S �� ��D@ ����W  �i� �� I���D
��. �	��/ � �D ��XC .�����9 �1 ��O 	3� 8���C �D ��[D�8�� ����T� 

-�6	 �>  �� �� �-� ��V �D hLj .�-� ��.  �	��/ �i� ��
-�6	 �>@ 
���� � 8��FG>� 8��� � L��O �>@  � ��[D�� ���. �>@ 

����T� c�D � ��-��� �d� �0S�9 	3� ������ � ���� I���T � 8����L� 
 � ��D ��0D�� � ��L�� 8��� � I���T� ����� ���. �D �>@ ZB��  �

�-��-@ �.��. �	N��  
  

2- 123 +,#���  

60� ���9 �3� pFS�M  ���>��1 
��  �T����  A�B� �8��FG>

���� A�B� .�-� �>@ 
���� �	-� MD�7 �i� ��< L� ��D@ �� ��.�D  ��

- :L� ������C�M� D�[	���� ��0D MD�7 ��4D� ����D@� >�L�D��  � 8���

�� I���T��@��]� �N�- ;�� .�� E� �GC �8��D ��	-� ���� 
F> ���������� ��� ��L��@ G4� ��� ���02� �@ ��F �>�	����� �ZGS L�@ 


�� A�B� a�[	�� �� �vx��� �� �.�D b��S �� .2Z� I�CXU� ��  L�
A�B� ;���� �>@ 
���� - �� ��. ���E	-��6	 �>@ 
����  �� 8��FG>

J���� ����� 60� .�-� ��. �o��� ���9 
�� A�B� ;�� a�[	�� M��C��� 

�� I���T � 8�����@ 0��� �� ��.�D Z���C tu-� i��� ��5 � �-@ 


����@� � � ;���8�F ��]� �N�-�� ��8�F G4� �8��D ��	-� ����  �
�2� ���@ � �� ... �� 8��� .���/ �i� ��  

�4D 
�� 8��� L���@� D��	3�9 
�� I���T��@ ��F ��� ���2  L�
�>�	�����@ ��D���@ �>�T�� ��@ 
���� � 8��FG>� �.�D � ��� ����� 
T��U ��� �1 -�6	 
���� ��D 8��FG>@ � ����� \�]���E@  =J�

��D��D .����9 �>�T�� �� I���T �D 8��� ���@ 
����  8��FG>���  L�
`	���>�@ Z5�� ��- ��U �D@ A�B� �� ���� �>@  8��� ���  
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C2�� 2 – 8�I5J� D37�3 +,#� ��123 0�/�932 ��17� ���E�/ K,� 2 8�3,9 �- ;��)� 2,�� ),*-�)� >�M����]  (3[  

��`	�  O��
�	-� @�>�����  9�D��������  �	3/�D � ��� @�>�����  �	N�- M��  

 ����	�
� 8���Pe (kW)  26  5/137  105  101 

 �����T 8���Pt (kW)  25/81  250 17/152  101 

��0D  �
�T �� � ����	�
� @��
 ��D h�G�(%)  

20  5/27  5/34  40  

��0D  �
�T �� ����	�
� @��
 ��D �G��(%)  

25  5/22  5/31  40  

 R
�N �>�L�D(%)  80  80  80  80  

 �D  ����	�
� 8��� ���
I���T  

32/0  55/0  69/0  1  

I���T @���  �S��N(°C)  70  5/92  5/92  70  

���]� �N�-  �N�- ��L  �N�- ��L  �N�- ��L  �N�- ��L  

 ��G4� 8��D ��E� �GC
(�C�-)  

5000  25000  12500  �.�D �G� ��S��  

 @��)/ �����- ���F>($/kW)  2000-1300  1500-900  1500-800  3500-2500  

�2� � ��G4� ���F>  @��� 

($/kW)  

5/2-5/1  5/1-5/0  2-2/1  3-1  

  
�	�
���� ����T �D� 	D�v� �� ��.�D>�L�D .� �1 G>� �D �	������� 

4� � A�B� a�[	�� ����9 ��8�F 
�� �T�� �N�- \�]���  8��FG>
�� �.�D >�L�D �	-� �- �D �� �	�
����� >�L�D� ����T� >�L�D �� 

C�� �D �� R
�N� >�L�D ^GS L�� ����T� �	�
� ����  ���� �-�D
J� ��-��6 �� ���/.  

  

6=�9 O�32�  

60� ���9 T��U �� h�7� -�6	 �>@ 
���� �-  8���� �-�D ���/
:��� ���J�@ \�]� ����� ��D �>@ � ��� �>� �.�D�D .�9 � ��i��� 8��� 

��j�- \��]� ���� 9	.�� �D `� � ����� \�]���I�� ���@  �� ���L��
�>L�� b�U@ � M�. �D b�-�2����9 ���- \�]� ���J��= ���/ ��= 

� �����L� ��D .���� �-�D  �� ��� �> ��@ ��9 � ��i���L� �S�� �D- L��
���/�= �S�� �-���- L���= ��� �D �� �-��_ D��2�� �����L�@  �D

�>L�� b�U �� ���/ � ���-@ � ��� �>� �.�D��D .@  8���� �-�D
�S��-���/ L���= ���- ��= �D ��	D� ���� �1 ���@ ���� ��D ��@ 

�����L�@ ���/ �D�=  ��1 ���@ ���� ��D ��@ �����L�@ ���- �D�= 
 PD��� L� ���E	-� �D tu- .���/ �i� ��)1(  �)2( �� 8���  ���J�

�S��-���/ L���= ���- ��= ]  ���� �-�D ��3�14.[  

)1(  ( )b e,i b e,i
day

HDD T - T for T T= ≥∑  

)2(  ( )e,i b b e,i
day

CDD T T for T T= − <∑  

-�D��Z �S�� ���J�-���/ L���= ���- ��=   �� \��]� ���J� �
 b�U�1 ��]� h�/ a� �I���T �b�-� ���/ ��= ���- ��= ��D@  �>

PD��� L� ���E	-� �D ��� )3) �� (6( � �-�D� ���� ]3�6[.  

)3(  annually
monthly

month

E
E

N
=  

)4(  DHW,annually
DHW,monthly

month

Q
Q

N
=  

)5(  annual monthly
monthly

annually

Q HDD
Q

HDD
=  

)6(  c,annual monthly
c,monthly

annually

Q CDD
Q

CDD
=  

�4D L� �-�D 8���� I�CXU� ���]� �> ����  ���D �� 6	�- 
6�J� ��D I��5 ���)� �� 9�� 6�J� ��D �� ����� �D �� (�� h�W�� 
���/ .(�� b�� �D ��-� @?���	-� ��D ���� �� �.�D � _-��� ���E	-� 

�� 8�G	N�- ���> �-� �� L� 6	�- ��
�� 8��FG> @��D ���
�� 9��d� 
��D ����	�
� ��0D �� ���D �� �D �C�� L� ���. @�-��- c�D MJ	� 

���. .(�� h�� @?���	-� @�> I���T ���� �-� �� �� F���� �	4�5 
@��D��� �� �� �.�D � �� �� 8��L ���> �� L� 6	�- ��
�� 8��FG> 

MN�� 8�G	N�- �> �� @�	-�� ���
�� 9��d� I���T ��0D �	��/ �� ��. .
6�J� ��D �D ���E	-� L�  b��4� @:��� �� 8L�[� ���NV @:��� �����T � 

����	�
� � �Z�-�D PD��� )7 (� )8 (I��5 �� ���)�).7(  
)7(  sys PV CHP gride e e e= + +  

)8(  sys ST CHP boiler gridq q q q q= + + +  

��2�>� - ���6	 �� ��D �
�T ���� 
�� I���T ��.�D��@  P-��
-�6	 
���� � �� 8��FG>� 8���  L�) �nD��9( �sG> .���� �-�D�9 

- �/��6	 
���� �� I���T ��-� �D 8��FG>��   L� ��2�� �.�D �nD��
)10( ��D@ �	�
� 8��� 8���� �-�D��� 
����@ � ���E	-�� ��..  
)9(  CHP

CHP
e

q =
γ

 

)10(  CHP CHPe q= γ ⋅  
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S��N 9	.�� I��5 ���  ����. �Degrid  PD��� ��)7(  �)8( E��� 

� �D .��D �>��N�M ����� -�6	 �>@ .��N��@ ����@ 
����  8��D

��D ��	D� �� ��	> Y7��@ J��6 .��N I���T � 8��� ���J� ��D��@ 

����@ J� L��6 � �� ��D� ���/J� 8���� �-�D L� �4D .�6  �� ��D

�. ���� �> b�URN �>@ - 60��6	 
���� -��D ���� 8��FG>�  ���7
�� /����
�� .�9 G>� �D RN�.�� - ���6	 �>@ 
����  8��FG>

�J��� - �D �0���6	 �>@ 
���� i� L� ���/��SL ��� B��n� :��� �@ 

����@ �� �.�D -�D ����Z NV RN�.��� 
�� �
�T �� �N�-�� 


�� �
�T �D ��� 8��FG>��  ���/��S��4�� �� ��.  �) �nD��11( 
	
�T �� 8� ���>� 8�3�� < �� �-���Z D)S ;�� L� ��. ���E	-�� 

�� �.�D� .�9 :��� ���J� �	�����@ NV���  L�/ ��3	�� � ��.CO2  ��

�� �
�T �D ����� � 8�3� ���/��S� �>� ]3,7.[  

)11(  
F

ref

Eref Href

q
PES 1

C
q

COPe

= −
+

+
η η

  

��D@  8���� �-�DηHref    �ηEref �D�� �>������	-� �D@  �D P����
Z7� � �Jn���6 � �� .��. �4S��� �i� �����9  ������	-� �=>�?�

2011/877/EU ��B���� >�L�D �i� L� ������ �>@  ��. ���E	-� ^S��
��D .�-�@ �>������:@ o�L�/�Z�� F�D��� L ��� ��J� ��N�-��  ��L�D

 �D��DηEref=0.44  �ηHref=0.81 �� �.�D ]3,15NV RN�. ���J� .[��� 
��D �N�-@ <��Z G����� �.�� <��Z D)S� �� �.�D � �D�9  �� I��E�
:��� ���J�@ ��]�� �	�
� ;�� L� 8���� � � ���D�9 :���@ :��� �D@ 

�	�
���� � ^GS� ���/�sG> .�9 ��D@ ��]� �N�- 8���� �-�D� 
- P-���6	 �>@ 
���� �D 8��FG>�� -�D��Z �nD�� )12(  M� ���J�

��]� �N�-� ��D@ 
���� 
�� A�B� P-�� I���T � 8�����  ���G> �D
� \�U L� .���/ ��-�B� 8� L� �	�� ��> �D I���T���2 ��D@  �N�-

��]�� �D P-����Z ��F �D�� �
��4� L� )13( ��D �0	�� �� .��. ���E	-�@ 
��]� �N�- ;�GW� 8���� �-�D�� ����J ��]� �N�-� �D��Z  �D

��]� �N�-� 
�� A�B��� � ^GS� ��..  

)1(  CHP CHP
F,CHP

overal

e q
q

+=
η

 

)2(  boiler
F,boiler

boiler

q
q =

η
 

>�L�D� �1 -�6	 
���� >�L�D M��. 8��FG>� >�L�D �R
�N� 
�	�
���� >�L�D �� ����T� �� ��. � ��� 8��� ��� �D �� �0���_  L�

 PD���)14( �� )16( ] ���� �-� �D3,6,16.[  

)14(  sys sys grid grid
CHP

F TP PV

e q e q
EFF

q q e

+ + +
=

+ +
  

)15(  sys grid
E,CHP

F TP PV

e e
EFF

q q e

+
=

+ +
 

)16(  sys grid
H,CHP

F TP PV

q q
EFF

q q e

+
=

+ +
  

��J� �����D L� �4D�� RN�. � �N�- \�]� �>@ ������  �
- ���ZGC�6	 
���� �D �8��FG>�� - 8��D A���6	  �i� L�

/��
�� �>@ L�� B��n� :��� ��� M��C ��-� �D@ �W��)����  
-��D� ��D .���/@ � 8���� �-�D�9 �D ��	D� �� �	�������  M� ���J�
�Q�J�@ :���@ -�6	 �E� �D�1 ��8�F :��� ���5 � �Q�J�@  �> P-��

- ��	N�- �� ����� ���. �T���6	 
���� �nD�� L� 8��FG> )17( 
] ���/ ��-�B�3,17.[  

)17(  p del,i p,del,i exp,i p,exp,iE E f E f= −∑ ∑  

4� L� �4D��9 :��� ���J�@ �>@ ��]�� �W� ;�� L��)����  �
�W��)������� :��� ���@ �W��)���� �nD�� L� )18( � �-� �D� ���.  

)18(  p,ren

p,tot

E
RER 100

E
= ×  

  

3 - H9 P2�  

�����D I��<�Z�  M�. �� I��-�B� �2  I�CXU� .�-� ����
:�
���� �D �nD�� �� ��. ���E	-�@ A�B� �>@  b��S �� YZ	[�2 

��D .�-� ��. �o���@ ��J��� Z� �
�T �� I���T � 8���� ��J��� 
��2���9 ��9 � ���7 ���E	-� ���� b��S� /������D .@ -��D� 

A�B� �>@ 
����  8��D A�� �i� L�A�B� ��> ZB��M �>  L� ���E	-� �D
:���@ �W��)���� � h�W��� ��.��]� �N�- .� A�B� �� �>@ D�[	��� 

L ;�� L��� � �N�-� �.�D 7 8��	D ����� �-���� ��D@  8��D A��
-�6	 .��� �o��� ��D@ �d��9  �I���D�1 < ��D��Z D)S� � ��D ���2 
<��Z G����� �sG> .�-� �	��/ ���7 ���E	-� �����9 ���D L�@  �D

NV ^��� 8���C��� �	�
���� ��D a� ^��� L� �@ NV 8F[���� ���/�� 
�FS� I�CXU� .�-� ��. ���E	-�@ ��D �	�� ��� �D@ ��O  ��[D

	3��8�� < ���Z D)S� G���� ��  b��S ��3  �4  .�-� ����  
  

  
  
  

  
  
  

  
  

������ 
�� I�CXU��� M��.: 
1- �� I�CXU�����G	N�- I�CXU� :��  =D�� ���> � a�

.��N��� ���@ b�- b�U �� ��> 
2- ��]� I�CXU��Z5� \��]� ���J� �����D :� :���@ 
��D@ 1� ���/ :b�-=� � �����L�� ����� � �����L��  a�

��]� h�/�� ��.���� ��]� c�D �� 
3- �FS� I�CXU�@ -6	���4� :� �> ��2	-�@ 
�]��� 

- �D6	� 
����  ;���� :M��. �0�� I�][3� � 8��FG>
<��Z� .��N M�� ;����@�� ����T� o�	
��	� ��1�  b�]��

�-��- c�D ���. �D�@ -@�0G	� NV��� :��� �����@ 
����T� �	�
� ����� 
�� A�B���� �D�Z� 

 ����� � =����/ L��� ���� �����T @:��� ���J� ��-�B�
 �Z�-�D ��� �> b�U �� ���]� �S��- � =����/ L��

 �S��-=����- L�� 

��� 1� b�U �� ���]� I���T � h�/ a� �c�D ��-�B� 

6	�- P-�� @��
�� I���T � 8��� ��-�B� @�>
 @��
�� ���J� �� � �FW� ��U �D ��� �> �� @��.��N

 ���J� L����]� ����	�
� � �����T @:��� M� 
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 H	2 –  8��@7�Q  H��#�0��17� 8�3,9 2 �37�  ��17� 6����

������3 H	 �� ���E�/  

  

�D��Z � �� ��. ���E	-��9 ��G	N�- ;�� L� �
�J�� � 1<��� �.�D 
]17D ��-� �D � [��	3�9 ����T \�]�� �� ��D �
�T ����  a�[	��

L ��-� ��.��� � ���9 D �
�T��	3�9 ����T ��D� �D �D��Z � ����� ��. .
�sG>�9 ��9 G��� ��D@ ��M 	N�-� D��	3�9 L ����� �� ���J���� 


�� I���T ���J���@ 7�D L� �	G� _���� �D 8�� A�B�  .�-� �>
��D��D�9 �D��Z 	3��8�� �D�� ��{�� 7�D I���T 8���S� �	.�� �� ����� 

��U L� .�.�D� � ���ZGC �C�-�9 �D��Z  P-�	� ��U �D8  �� �C�-
�	��/ �i� �� L�� ����.   ��L�D L� ��. a�[	�� ���G� �D 6> �� �-� ��.

 �.�D �	.�� �JD�n�� �	G� 6>�9 ��{�� F> �D 9�G����  |�B
 �	G�
.�.�D ��.  

  

 C2��3- ��	 �-�$��3 0�/,��@ 8�I5J� ]3
16[  

�Z�< ;��   _��Q���ZGC  ���ZGC �C�-  

(�D)S ) �����T  3/0 10  

(�G����) �������  3 10 

  

 C2��4- ��5� R*- 8�I5J� ]18[  

 L��� ���� ��[D O�� �����T 8���(kW) 175  

(%)��[D O�� �>�L�D  85  

���ZGC �C�- (�C�-)  8 

���]� �N�-  �4��U L�/  
  

�W�� L��� �� ���~ ���9 2��N �N�-� �U L�/�4� �D �-���Z ��F  L�
�U L�/�4� )`��� �� ��� A�B� 8��D A�� �BD �� �� -��D � �>�  8�

J	� �v��6 �� �D PJ� � �.�D �	.���@ ��8�F �d� I���T�9  ��.
vd� A�B� P-���� L ��.�D �	.����� �	G��9 ��D ���ZGC 8��L@ 

-�6	 
����  8��FG>�� � �� �-� ��. �	��/ �i��9 �� �D 8��L�� 
 ���T�1 ��O �d� �0S ��[D�9 ����T ��D� � ���Q�� �.�D �D ��XC .

���9 <��>�Z@ D)S� G���� �� ���� ����E	-� ����@ ��{��  �
�>���ZGC@ ����9 ��@ ���G� �D ��� �>@ � ��L�D� ��.�D  �D 8��	D ��

D �7���	3@ -��D� �>@  �� �i� �����D ��@ 0D A�B� a�[	����� �� 
D ��D  � ���� MGC �D�	3�@ �� �D ��@ ] ��� b�GC� �0��3.[  

��D@ -��D ;��.�� � I�CXU��2���9  � I���T �c�D ��j�- \�]�

��]� h�/ a�� ��D@ �1  �T�� �D 8��0� �0. �� ����� \�]�
500 ] �-� ��. �	��/ �i� �� ^D�� �	�11�sG> .[�9 ���- ���J��= 

� �����L� ��D@ 500 � �� ^D�� �	�� 8��� �>������	-� � I�CXU� L�@ 
�	� �� ���� �-�D ��. �o����~  b��S �� ��j�- M�. �D 8�5  ����

] �-�3,11��D .[@ \�]� ���>�� \�]� 9	.�� �D ��������  I�CXU�
����� ��D �� b�- b�U M�@  �� ���� �-� �D �i� ���� ����� \�]�
-�D��Z ��9 �S�� ���J� I�CXU�-���/ L���= �S�� �- ���- L���= 
��D@ ��G�� ��� �>@ �D �i� ���� b�-�- ��� ]14,15,19-21.[ ��D@ 

� \�]� ���J� 8���� �-�D��? �D��  M� �T�� �D �� ��j�- \�]�
J� 8�G	N�-�6 �	� .����~  b��S ��6 �E� �D�1 .�-� ����  ��

 b��S7 ���/ L�� �S���= ���- ��=  ��-� �D 8��0� �0. ��
� I�CXU����2	 D ��D��0��8� ] �-� ��.20,21 �-� ��V �D hLj .[

�S�� ���J�-���/ L���= ��� b�U �� �>@ ��� �D b�- YZ	[�@ ���� 
18 	��- �S������2 �S�� �-���- L���= ��� �D@ ���� 21  �S��

���Z-� ] �-� ��. ��-�B�21.[  
  

 C2��5 –  ����= U,I� ��V�� U,I� 8�.WX3[3,11]  

���]� c�D 

(kWh) 

���]� I���T 

(kWh) 

���]� h�/ a� 

(kWh) 

 =����-
���]� 

(kWh)  

41819 83230  49760  43500  

  

C2��6 –  U,I� 8�.WX3����= U,I� ��V�� �Y*2 [3,11]  

���]� c�D  

 
(kWh/m2) 

���]� I���T 

(kWh/m2) 

 h�/ a�
���]� 

(kWh/m2) 

 =����-
���]� 

(kWh/m2)  

84 167  100  87  

  

C2��7-  ���--�3,�� 03,� ���Z <��� [*��,� 2 [*��,: \2�   

)OC-day( ]20
21[  

���  L�� ���4�  �S�� - L��
=����/  

�S�� - L��
=����-  

�����:  31  1/283  0  

�����  29  1/256  0  

����  31  8/133  8/6  

M����  30  1/29  7/0  

��  31  6/2  8/92  

9o�:  30  0  9/268  

��o�:  31  0  5/341  

I��  31  0  8/250  

����	u-  30  0  5/143  

��	��  31  5/2  8/61  

������  30  9/148  0  

����-�  31  5/255  0  

��j�- ^GS  365  6/1111  8/1166  

J�6�  ��-� �D ��D � I���T�Q�J�@  �D ����� \�]�
�� ��D I��5��  ��� �� I���T�� 

J� �o���6� ��D I���T � ��D@ - FS �>6	�  ��� �> ��
��	-� M�. �D���� 0W� ��4D� � ���4� 8���� �-�DI�F� 

� ����L�� - ��6	� 
����  ���J� 8���� �-�D �8��FG>
��]� �N�-�� :��� ���J� 8���� �-�D@ �W��� )��� 

- �� �	�� ��� �D6	� 
���� �	� �o��� � 8��FG>~� �0��� 
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4 - ]#� 2 ^*���  

M�. �>@ 3  ��14 RN�. �>@ - 60��6	 �>@ 
����  �� ���/ �-
 ���T �D4 
�� A�B� ;���� ��D@ �� ��D �
�T ���� �� I���T ���  ��
< ���T��Z D)S� < ���Z G����� �J� ������  .�-� ���� ���7  
�� M�. �>@ 3  �4 NV RN�.��� :���@ 
���� ��D@ �
�T �>@ 

-��D ��. ��V� 8�G> .�-� ��. ��U@ � L� ���9 M�.  ��>�3� �>
�� ���. �	0D�9 D �i�� L� a�[	����	3�9 NV��� :���@ 
����  �� �<

< ���T��Z D)S� < ���T �� �< ���Z G����� ��D �@  ��D �
�T �� �>
���� �� I���T ��� -��P ��M 	N�-� .�-� �	��/ I��5  

�� M�. �>@ 5  �6 :��� R
�N ��L�D@ ��D@ �
�T �>@  �D YZ	[�
�����2 �J��� � ��>�3� .�-� ��.� ��. D ����	3�9  ����G> ��L�D

� �D M�7�M 	N�-� � ��D��� ��. < L� ���E	-� h�2�> ���Z D)S�� 
>������@ 	3/�D � ���� �S�F2�9 �-���� ��D@ ��M �>@ 	N�-�  L�
F> �i����  �� ��	>�� �� ��D �
�T�� ����@ �F��1 ���9  �0�� �D ��L�D

�� ��.�D.  
 

  
H	 3- ���3E _`��, A,�30 123�� (PES)   � �-�6�� 17���  ���E�/

3�3-0 @�,� �a�� 3,�0 +,#� �/0 3,� 4��5�0 �� ��� <1�9 2-*�  2

�� 8�3,9*�  

 

  
H	 4- ���3E _`��, A,�30 123�� (PES)  � �-�6�� 17���  ���E�/

3�3-0 @�,� �=3,�� 3,�0 +,#� �/0 3,� 4��5�0 �� ��� <1�9 2-*�  2

�� 8�3,9*�  

  
H	 5- A,�3 �-\��0 b1�_ (EEF)  � �-�6�� 17��� 3�3- ���E�/0 

@�,� �a�� 3,�0 +,#� �/0 3,� 4��5�0 �� ��� <1�9 2-*�  8�3,9 2

��*�  

  

  
H	 6- A,�3 �-\��0 b1�_ (EEF)  � �-�6�� 17��� 3�3- ���E�/0 

@�,� �=3,�� 3,�0 +,#� �/0 3,� 4��5�0 �� ��� <1�9 2-*�  8�3,9 2

��*�  

  
M�. �>@ 7  �8 D��2�� >�L�D� �	�
���� - R
�N�6	 
���� 
� 8��FG>� �.�D�� ��D �
�T �� �M�7 �D�3� .��  I���T �
�T �D ���

����� >�L�D� �	�
���� -�6	 � ��j�D� �.�D � �	�
� ���9  ���>� 8�3�
�D ���T��Z 	3��8�� >�L�D �D� � ��L�� ^�� �0S �� ��j�D�L� ����T� 

.�-�  
  

  
 H	7- A,�3 �-\��0 ,�13*� b1�_ (EEFe)  � �-�6�� 17��� 

3�3- ���E�/0 @�,� �a�� 3,�0 +,#� �/0 3,� 4��5�0  ��� <1�9 2-

��*� �� 8�3,9 2*�  
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H	 8- A,�3 �-\��0 ,�13*� b1�_ (EEFe)  � �-�6�� 17��� 

3�3- ���E�/0 @�,� �a�� 3,�0 +,#� �/0 3,� 4��5�0  ��� <1�9 2-

��*� �� 8�3,9 2*�  
  

��L�D ����T� M�. �� R
�N �>@ 9  �10  �s���< .�-� ��. 6-�
� ��>�3�� ��. �� ��D �
�T ���� D��	3�9 ����T ��L�D� 	> ���� ���6 
�sG> ��9 	
�T ��� < ����Z G����� >�L�D ����� ��S�� ����T� 

	
�T �D ���� < ����Z D)S� � �	G� ����� ��S�� �.�D.  

   
H	 9- ��3,9 �-\��� b1�_ (EEFth)  � �-�6�� 17���  ���E�/

3�3-0 @�,� �a�� 3,�0 +,#� �/0 3,� 4��5�0 �� ��� <1�9 2-*�  2

�� 8�3,9*�  
  

  
H	 10 - ��3,9 �-\��� b1�_ (EEFth)  � �-�6�� 17���  ���E�/

3�3-0 @�,� �a�� 3,�0 +,#� �/0 3,� 4��5�0 �� ��� <1�9 2-*�  2

�� 8�3,9*�  

  
M�. �>@ 11  �12 � ���>� 8�3��8�F - 8��D A���6	 �>@ 


���� �W� �N�- \�]� �i� L� 8��FG>�)���� �� �.�D8�G> .  �� ���/
A�� �-� ��. ���� 8�3� ���9 -�6	 
���� ��2�> �8��FG>�  ��S�

�	-� ����� L� �� �����O� ��j�D ���9  �N�- \�]� �5��

�W��)���� �B� 8���C �D ���� ��A 
���� � � ��. ���E	-��9  �� ���J�

�� I���T �
�T�� D�= L� �� ��D �
�T�� �� �.�D.  
�� M�. �>@ 13  �14 �J��� �G� ������ 8��L M7��T�=  ����

�	G�) �-� ��.�9 ���L �T��� � �C�- ^D�� �.�D� ��>�3� .(� ��. 
D ����	3�9 ��L�D 6� �D rZ4	� ������ �C�- ���9 - A�B��6	 

��4� 
�	-� ������O� �	G� ��]� \XN�D ��� �-��9  �D ������ 8��L
��D�������9 
� �D�M �{��� j�D@ 
���� � rZ4� =����� /���� .�9 

��2�> ����� �� < L� ����Z G����� ��F � ���E	-�� ���6  �ET
�� ��..  

  

  
H	 11- ���3E A,�3 \3 �-�$��30 ���*a��*, (RER)  � �-�6�� 

17��� 3�3- ���E�/0 @�,� �a�� 3,�0 +,#� �/0 3,� 4��5�0  2-

�� ��� <1�9*� �� 8�3,9 2*�  
  

  
H	 12- ���3E A,�3 \3 �-�$��30 ���*a��*, (RER)  � �-�6�� 

17��� 3�3- ���E�/0 @�,� �=3,�� 3,�0 +,#� �/0 3,� 4��5�0  2-

�� ��� <1�9*� �� 8�3,9 2*�  
  

  
H	 13- 3,� Hc3�9 ���\0 17��� �37� (Min Time)  � �-�6�� 

17��� 3�3- ���E�/0 @�,� �a�� 3,�0 +,#� �/0 3,� 4��5�0  2-

�� ��� <1�9*� �� 8�3,9 2*�  
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��  b��S8 ��J��� ��2���9 �J� M�. �D �� �-� ������� Z� �� 
?���	-�@ �>@  �D �� YZ	[������2 �J��� � .�-� ����� 8��� � �D�9 

	���W -��� ��j�D ���9 NV��� :���@ < L� ���E	-� h�2�> ����Z D)S� 
�� ��D �
�T �� ��� � c�E��� �	��� \�U L� .���2 � ���9 D �
�T��	3�9 

L�D>�� >��N �� R
�N�6 >�L�D �i� L� ��� �.��� �	�
���� �	G��9 
>�L�D� �	�
���� � �D ��D���9 � �
�T� �.�D>�L�D .� ����T� ��F 

D��	3�9 � �� �� ��N ���J��9 �sG> .���� �
�T�9 F��� ���2 ��9 
-�6	 �> ��9 � ���J� �� �-��2���9 � M7��T ������ �C�-� �.�D 

]� RN�. ���J� ���\� :���@ �W��)���� � �0���F �	G��9  �� ���J�
.����  

   
H	 14 - 3,� Hc3�9 ���\0 17��� �37� (Min Time)  � �-�6�� 

17��� 3�3- ���E�/0 @�,� �=3,�� 3,�0 +,#� �/0 3,� 4��5�0  2-

�� ��� <1�9*� �� 8�3,9 2*�  

  

 C2��8 – 6���� H��#� \3 ���Z <��� ,*-�)� >�M����  ��17� 0�/

���E�/  

�Z�< ;��  ��`	�  

�D)S  �G����  

���� I���T  ���� ��D  ���� I���T  ���� ��D  

8/10  6/12  7-  8/0  PES (%)  

5/80  2/82  8/60  67  EFF (%)  

5/12  8/12  5/21  5/22  EFFe (%)  

68  4/69  4/39 5/44  EFFth (%)  

4/7  8/6  6/15  4/12  RER (%)  

1/2  1/2  2/4  2/4  Min Time (hr)  

 
h�2�> < L� ���E	-���Z G������ �� ��D �
�T�� ���5 �D 8��J�  ��

�� �.�D ���� �@ >�L�D� �	�
���� ��j�D@ �- �D ����� �
�T  �-� �>
:��� \�]� �i� L� ���@ �W��)���� �� I���T �
�T �D �����  ��

�� �������9 ��@ � ���7� /����sG> .�9 �� 8��� ��  ���ZGC �C�- ��D
-�6	 D� 
��M �	�
� ��D M7��T 8���S��� < ����>�Z@ �8��  �D�v
�� ��.�D L��� �	�
� ��D \�]� M7��T��� < ;�� �D �	D��Z 4���9 
�� ��.� ���� �� .�9 ZB� �������M ��]	7�@ ���- �3/L�D��  �i� �� �

?���	-� 9	��/@ <��8��� �>�	����� L�@ -�-�� ZB� ���M -�6	 �>@ 

���� � 8��FG>� ����� �� .�.�D@ ���- �3/L�D ���� �j�U�  �.�D
�� 8��� >�L�D =>�� _�- �� �	�� ��> �D I���T L�� -�6	 

�� ��. 	4�5 F���� ������� ����@� ��W�@ �-� ��M  �D MJ� � MGT
5�� 8���C	� �d� �0S�9 ���>L�@ ����T� ����D �� .��D ��0D  

  

5- ����� 0,�:  

� ���9 =>�?�� ;�� ��0< A�B� 
���� � �>�	�����@  �0�� YZ	[�
 ���1 -�6	 
����  ���/ �- 8��� � I���D �I���TJ� ����� ����� 

ZB� I��5 �D�Z�  �D�����2 �J��� ��i�� �D .�-� ��. �J���� ��D@ 

���� < ;�� �� �> L� I���D��Z D)S� G���� �� ���E	-�  .�-� ��.

�sG>�9 �	��~ ��D@ �� ��D �
�T ���� I���T � ����  .�-� ��. ��-�B�
�	� L��~ � ���� �-� �D�8��� L ����� �D�� ���.� .���  

1- ���5 �S�� :���@ 
���� ��D@ 
�� A�B��� ��M 	N�-� 
D��	3�9 ��D � ���J�@ 
�	-� ������O� �	G��9 � ���� �� ���J�� �.�D .

��D@ � A�B� ����2 � M��.�D�������9 	3/�D � ��� ����� �� ��9 
�F� ���J��1 � 6> �D� �.�D�sG> .�9 -�6	 �� ��D�� �	0D ���ZGC@ 

- �D ����6	 ��TI� ���� � �D ��XC .������9 `	���  h�2�> ���)�
< L� ���E	-���Z D)S� < �D �����Z G����� ����@ ��J��� ��j�D@ 

�� �.�D ��U �D@ < L� ���E	-� h�2�> ����Z G����� ��D@  A�B� ��
��D�������9 
�	-� ����� ���O� ��9 E�� RN�.� �� ��..  

2- � ���� FWD�M 	N�-�� Z� �
�T ����  ��L�D � R
�N ��L�D
����T� ��D R
�N@ <��Z D)S� D��	3 < L���Z G����� L�D ��� �-� ��
�	�
���� ��D R
�N@ <��Z G����� D��	3 < L���Z D)S� �� �.�D L� .

� \�U���2 < L� ���E	-� �
�T ����Z D)S� 0S�� MD�7 \X	N�� D�9 
A�B� �>@ D YZ	[���@ �	�
� ��L�D �M� ��L�D���  ��L�D � R
�N
����T� < L� ���E	-� h�2�> ��� ����� ��S� R
�N��Z G������ ��9 

� �S�� MD�7 \X	N�� �.�D ��U �D@ ��D ��@ ��M 	N�-� ��9 
RN�. D �>��	3�9 ��D � ���J�@ 
�	-� �������O� �	G��9  �� ���J�

 .��	> ����  
3- :��� RN�.@ �W��)���� � A�B� ���M 	N�-� �	G��9 


�	-� ����� A�B� �� � ���J��O� D��	3�9 ��D��D .�-���� �� ���J��9 

�	-� ������O� ����@ L�� j����� �>@ �	G�@ � L� � �-��9  �0S

��9 ���� j�D �N�- \��]� �� A�B�@ ���D@ �� �.�D� \�U L� .���2 
-�6	 �� I���T�� - ��� �D M� ���6	 �� ��D�� ����@  RN�.

:���@ �W��)���� 	� �� � ��j�D��W j����� �>@ �	G�@ �� �.�D.  
4- ��D 8��L M7��T@ -��8� ��D �hLj 8��� �D@ 
�� A�B��� 

��D��������9 �	G��9 ��D � ���J�@ 
�	-� ������O� D��	3�9  �� ���J�
� .�-�����9 ��D 8��L@ - �� �>�6	 �� ��D�� �� I���T ��� �8�� 

�sG> .�-��9 �	G��9 ��8�F - ������ 8��L�6	 �F�� _�- ���= 
- A�B� �GC�6	 �� < L� ���E	-� h�2�> ��.��Z D)S� �� �.�D.  

5- �	0D�9 ��D �
�T@ -�6	 �>@ ����� CHP ����@ �D��Z 
	3���8��  L� ���E	-��1 <��Z D)S� �� ��D �
�T ���� �� �.�D.   

  

6 - �/-���  

C   L��� ���� �?�� =����-(kWh/m2)  

CDD I���T �S��-=����- (°C-day)   

CHP  I���T � c�D 8��FG> ��
��  

COPref  I���D 6	�- ���ZGC _��Q  

DHW   ���]� h�/ a�(m3/s) 



 

 

211 
 

9
�	

�
 

�8
��

-�
D��

 
��

o��
 

8�
���

���
 � 

@
�0

�
 

�
�

B�
 

E   ����	�
� @:���(kWh) 

EFF ��L�D  R
�N(%)  

EFFth  R
�N �����T ��L�D(%)  

EFFe  R
�N ����	�
� ��L�D(%)  

Edel  M��T P-�� ��. �Q�J� ���0� @:���(kWh) 

Eexp  M��T P-�� ��. ���5 ���0� @:���(kWh) 

Ep  ��. �Q��� ��
�� @:��� ���J�(kWh)  

Ep,ren  ��. �Q�J� ��
�� ��)����W� @:���(kWh) 

Ep,non  ��. �Q�J� ��
�� ��)������W� @:���(kWh)  

e  �?�� ����	�
� @:���(kWh/m2) 

esys   L��� ���� �?�� ����	�
� @:���(kWh/m2)  

egrid   c�D ���. �?�� ����	�
� @:���(kWh/m2)  

ePV   @��.��N M�� �?�� ����	�
� @:���(kWh/m2)  

fp,del,i   M��T @��D ��. �Q�J� ��
�� @:��� _��Qi - h�  

fp,exp,i  M��T P-�� ��. ���5 ��
�� @:��� _��Qi  - h�  

HDD @���- =����/(°C-day) 

mCCHP   ��
�����/ �- c�D� I���T 1<�� ���J� �� I���D �  

Nmonth       ��� ���4� b�- @�>  

P  ����	�
� 8��� (kW) 

PES  ��
�� @:��� �� ���S ���5(%)  

Q  �����/ @:���(kWh) 

q  �?�� �����/ @:���(kWh/m2) 

qsys   L��� ���� �?�� �����/ @:���(kWh/m2)  

qgrid   I���T ���. �?�� �����/ @:���(kWh/m2)  

qF  ���]� �?�� �N�-(kWh/m2)  

qTP   @��.��N M�� �?�� �����/ @:���(kWh/m2)  

RER ) ��)����W� @:��� ���%(  

Tb    ���� @���(°C)  

Te  ��> @��� (°C)     

����7* 6?W.  

η  ��L�D 

ηHref  ^S�� �����T ��L�D  

ηEref  ^S�� ����	�
� ��L�D  

γ I���T �D 8��� ���  
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