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Abstract 
 In present paper, the modeling and optimizing of the combined cooling, heating and power (CCHP) system coupled with the 
reverse osmosis desalination are performed for a hotel. At the first step, operation strategy of two different configurations of 
combined cooling, heating and power system and reverse osmosis desalination is presented to provide the building demands, and 
the operation of these systems in comparison with traditional system will be optimized by genetic algorithm. In optimization 
process, multi criteria objective function (energetic, economic and environmental), called the Percent of Relative Annual Benefit 
(PRAB), and gas engine as prime mover (with in partial load), were used. Then, the environmental performance of these systems in 
comparison with traditional system is examined. Present results show that pollutant emission of CO2, CO and NOx reduce in an 
extensive range of nominal power of gas engine in both configurations. However, in  CCHPW configuration system, by selecting 
3250 kW nominal power for gas engine,  a better performance is observed in relation with economic and environmental 
considerations, such that the highest annual benefit of 5.21×106 $/year is obtained, while the emission of CO2, CO and NOx 
pollutants reduces by 61%, 79% and 86%, respectively.  
Keywords: Combined cooling heating and power generation system (CCHP ) , Reversal osmosis desalination system (w), 
traditional system. 
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�																			��	 = 0																																																																			�% = ����																																																													  

)6( 

 

2 -3-  5(	 5' & L%&() 
L�/(A 
M() <����+ ��K8I 2.3��

(CCHPW)    
 1:��	
+� �5�-� @
��+ C�� �	�L?O �	�L?O 1:��	
+� 8M52-2 �� -

��D�5  ;��� ���� �
���	
��� C���� �\�`� 3��� ����� �7�� �� <��\� C�� �5

� 	U� E	D E� ����� �7��(��)  �9��I ��/O	5 >�� �� .
D�� �� C��	5��5

�
���	
��� 	0� 
��7 C��1����� 1(�#)	 �L�+� �5	
?� ������ ]	X� 1 

�
���	
��� 3�>�� ;� �����D�� 8M5 �+ J��D �� )3�?
I�+ ;��� ���� 1

 �
���	
��� ���?� ��D�5 (
+� E	D E� � (�?��	� 	L�N S+�� )8���	+

=	5 ��	I �5	  �
���	
��� 3�>�� � �D �9��I C���� 1	+�	+ ���D ;�

 ��D �
I�	  (�() S5��� �5 }5�Y� ���D �5 	�;�� �5��;��.��	0  				��	�� �  ����+��+��) ! �� = 0															�	 = �� + ���� + �� " ��																																																					 )7( 

�
���	
��� �� ����W �� �D�5 ;��� ���� 3�>�� ;� 	
-�5 1����� 1

�Y5�� }5�Y� �� � �6� �
���	
��� �� ��5 �9��I ���V @
��+ 1)8(  ���D �5

.�D�	\5 =	5 1	+�	+  ��	�� $  ����+�� + ��) ! 	�� = �� " ���� " �� " ��					�	 = 0																																																																										 )8( 

 J�V 
��7 }5�Y� 8���	+ � 8���	0 8M5 �5 ~�5	� 1:��	
+�

 �5��;���� @
��+ �� � @
��+ C�� �� >�� 3�?
I�+ �
D��/5 E� � ��	0

 ���D ;� 1����	I �	  �5 J�V E� 1	+�	+ C������D��.  

  

3 - ;%�?.O/ & ;D(�/ ��K��'  

    
+� 1R	�� 1_�5 ;�	� �5 �5��@
��+ �7�	d �� @/� l��9� ;� ��� 1�9

�� 1R	���D�5	5 1��U
V� J�LX� � 	d ;� . ��+� S��	D  �E�LY�1���� 


�?9� �+�+� �
+� �	�; .��>� 	5 ��cO3�>�� 3�D 	� ��+ �� �	6 JW�7 

 
 P
	1-��/8A(Q ;/ 2.3�� @/ )78
9� ���/ 6, 6�(�	 5' �) S�,(I �% L%&() & L�/(A 
M() <���+ ��K8ICCHP+W  ��CCHPW)J&/�.� 2.3�� & (trad( 
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;� 
�\�� ��� J7 ��I E�M
�� ���D �,
�5 �5 ���\
+�1 �25 ;� C�� 

.���� ���� . >����� �� �5 ����� ��1��U
V� � 1R	��  ����� @
��+ 1�	5

 <��	5 � <��	7 �=	5 3��>?9 ���B� >?+� C� C�	�D E� �5 F��	� ��

�� �
I��	�.��D  

  

3 -1- ;D(�/ ��K��'  

�u
� J��� �5 ��-���	0 ����	
��� 1�9��5 3��5 	�-���	+ E� �  ����

3��; �5  ;��� l	U� JX� ��@9 ����� @
��+ <�>�/2� � �T�	I ���5 3��;

D�5 �
D�� 3��; �5 
��� �� ����\
�� ;��� J��� C�?9 �5 �� �� 
+�

 �� �cYW� �5 � ��I ���� ��5 ;� 	
?� 1��5 �� <�O�+ ��B5 �� <�>�/2�

�Yb� 	��u� �5 .���� ��� �{>T ��5 ��{>T ��5 1�� 	5 <�>�/2� �	���� 1

tI�D ����	7 lc�� �
I�+ l	U� ���;�5 3��?9 <�>�/2� ��  1�9

�� 	��u� C�� �� .�����B��Y�  <�UM-� ��L� <�>�/2�� ��	����5 
�� ��5 �

��D �
 	0 	Q� �� �{>T 
+� J�D .2  ��  <�UM-�;�+;�0�����  �� ��

 J��D<��	7 � � 	U� 
I�+ ��T�	I <��V �
 ���� 1�9
+�]13[ 

�� 3�-� ;� �� ��Y��?9 .�9� C�� J�D�� ��9�-���D  ;� �
 ���� <��	7

 J��D ;�+;�0 ������+  ;� JW�7 <��	7 �;�>0� ;� �D�� <��	7 8M5

�Cn�� 1���  ;� JW�7 <��	7 .�I E��� C� �� ��D�5 �+ C�� p�?2�

����� 8���	0 J� �<��	71 ��73��� ����� �(
#)  J��-� ����� ��9��I.  

   ��+�X�tI�D 1����� ��  1�9 ���b� � �{>T ��5 ;� �B5�� �� ;�+;�0

 ������ 	
����� 	9D�5� �� � ��;�5 ���;��� 
I�+ ���b� l	U� ���� �9��I

��5  S5��� S+�� ��)9(  �)10( ��5 ����� ���� 
� 	` ;� �B5�� <��W;�0-


+� ��D �{��� ;�+] 14[ .  

)*,,-� = �,-�.,-� × /
0 )9( 

.,-� = 1.22 × 0.0007973 × �,-� + 30.75100  )10( 

 1�9	L�N �	L��5 �5 ~�5	� ��  <�UM-��?��	� ��5)T  C�	�D E� �

���B� >?+� C�  S+����/N �Y5�� 1)11( �)12(� )13(  �)14( 5 � 
+�

������] 15-16 [ .  

)11(  89:,;<8=>?,@ = A. ABCD + D. CEC ;<) " A. FEGB ;<)E 

)12(  HI;;<,JHI;=>?,K = D. DLDB ;<) " A. LDB ;<)E 

)13(  HI;;<,MNHI;=>?,MN = ;<A. OC ;<)E + A. ADBC ;<) 
 

)14(  Ew(kW) =9.009 ×qW(m3/hr) 

�� ���b� 	6�7 ��� ��  HI;;<,MN �5)T 	L�N 1�	57/0  � 	HI;;<,J 1�	5�?��	� 	L�N 3  >�� � 	L��5 ���� ��;�5	8=>?,@90  �W�� 

�
 	0 	Q� �� .
+� ��D  

S��	D 4�?O� ��Q�� �5 � 	d ;� ;�+;�0����� 1�	5 �BV�� �� ��5 ��>T 	
?� 

;� 20�W�� �5 
LO C���� 3��5 ��;�5 ����	7 � 1��� ;�0 ��T�	I ����� 

(���I �	  �� ��D � �5 1�;� 	9303 	
�)1000<�  (8��> � �p�\��� 

���7  03/089��  1�	5 ��;�5 � �5 1�;�  	9oC5/5 )oF10 (8��> � �� 

1��� S�X�) ��D ���D� (
+��� �� 1 %89�� �� <��V �T�	I �� 	Q� 

�
 	0 ��D 
+�] 14[.  

  

3 -2-;%�?.O/��K��'  

J�LX� @
��+ 1��U
V�@9 ����� 1�9���>9 J��D 3��;����	+ 1�9 -

����� 1��)0���>9 �<�>�/2� 1 1�9 ���>9 � <�	�?B� � �d�b+� �1�	�L?O

���>9 C�� ����b� ��Q�� �5 �� 
+� 
I�+ l	U� 1��U
V� .���� ;� ��9


+� ��D ���\
+� ������+ 
I�����.���� C�� �� . ���>9 ��L������ � �9  �9

 <��W �5������+ �� �5��;��.���D   

 ��D �� ������+ �	�; �Y5�� S+�� ����� ���>9:  P = Q × � 
 

)15( 

Q ������+ F�	6 ��������Y5�� S+�� � �D�5) 116�� �5��;�� (.��D   

 

Q = � 1 + �)R 1 + �)R " 1 

 

)16( 

i  �k  F��	� �5�	/5 4�+ ���B� � �	/5 r	��� @
��+ ;� 1���	5.��D�5  

�� �� 
I����� ������+ ���>9 � ����� ���>9 C
 	0 	Q� �� �5 3���

 ���>9:�	� K�	B� 	�; <��W �5 �d�b+�  �ST� = P " T 
 

)17( 

 �� 1��d �5T �d�b+� ��_�+ ���>9  
+�S+�� �  �Y5��)18 ( 	�;

�� �5��;��:��D  

T = U0 × V � 1 + �)R " 1W 
 

)18( 

 ��	U0 1��T 4�+ �� �d�b+� ���>9���5  1�W�� <��W �5 _�?B� �

���>9 ;� �� �
 	0 	Q� �� @
��+ .� �������D] 5 � 8� 14[.  

���>9 4�?O� ��Q�� �5 �B��Y� C�� �� � 1���/,� � 	�?B� ������ 1�9

 ���>9���>9 <�Ocd� ;� <�>�/2� �d�b+� 4��T �� ����� 1�1 

m��� ]15[ ��D ���\
+� ���>9 ���� �� � ;� C� C�	�D E� �5 ~�5	� 1�9

m��� �� ��D ��� <�Ocd� ]17[  ���\
+�����D.   

  

4 -  ��K��'�>�!� :3�@  


��; ���B� ��-
�� ��+� 	5 ���b� C�� �� ��D �
 	0 	Q� �� �Y�X�

��
�_� 1�9CO2 ،CO  �NOx �� 1R	�� p�� ����� ��+� 	5 �� �D�5
 P
	2-UV�	���� ��) S3A () @8�@�W�8I8� ��X ;�+]15[ 
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 S5��� S+�� (8���	+ � <��	7 �=	5))19(  ��)22( 
+� ��D �{��� ] 

18�19 [. 

)R,X = YZ[R,X × �\]^
\_`

× τ\  
)19( 

)R,b = YZ[R,b × 
\]^
\_`

× τ\  
)20( 

)R,�cd = YZ[R,b × ��	,\]^
\_`

× τ\  
)21( 

)R,�e = Yf[R,X × �%,\���% g^
\_`

× τ\  
)22( 

 
 ��k  ����_� p��NOx)  � CO � (CO2� j ���� �����?D m  ���b�

 ��D ����� ����_� P	0�L�� F�7	5 �[ ����_� ��-
�� ��
��  	9 1�	5 �9

 1R	�� p���� 4��T �� �� �D�51 �����91  ��
��  C�� �5 ~�5	� �� 1�	5

@
��+W+CCHP(CCHPW)   ��
�+ @
��+(trad)  ��D �����


+�] 20�21[.  

  

5- IZ�+ [)�  

���/5 ��Q�� �5 �1R	�� >����� �+ C
 	0 	Q� �� �5 @
��+ 1;�+


��; � 1��U
V�l�9 m5�� ;� �Y�X� ���� ������+ ��+ �W�� PRAB 

 C�� .
+� ��D ���\
+���_�+ ��+ 	5 ��
�� �UI�D � 	B� �5 m5��  @
��+

3��>?9 ����� )CCHP+W  ��CCHPW(  �+ �5 
����@
 1�9

4���
��� C��B� �� <�>�/2� ���/5 
� 	` � �5 �T�� �5 m5�� C�� �� .���

��X��  S��	D 3�N �L���O C
 	0 	Q� �� � 4�+ 4�d �� ;��� ���� 1�9��5

��	I ��{>T ��5 �� @
��+ �	���� ��Y�X�� � � 	�?B� ]	X� 1���/,

��?�	L��5 ������� � C� C�	�D E��  (�	  
?�V J��V ;� �L���O � �9	L�N

�
I�+ ��	I �3� ;� ��	I � ���D �5 =	5 E� 
?�V �
D��/5�  �	/5 r	�

�_�+ � 3��� C��B� �5 ���,
+� ��\� 	?O ����� �{>T ��5 �<�>�/2� ���B� � 


+� ��Q�� �5 �5 �5�����-�5  �W�� ���� ������+ ��+���;��	�]22-

24[. �Y5�� 1)23( �� 3�-� �� l�9 m5�� C�� �5 ~�5	� <��{>T .�9�  

PRAB = lT�mn�� " lT��o�m��lT�mn��  )23( 

  

 ��lT�mn�� ���>9����� � �9�� 3�-� �� 4���
� @
��+ 1�9 �9�

 ���8���	+ �8���	0 ����� 1�	5 �
���	
��� E	D E� � �Y5�� �5 1)24( 

�� ��; C�?M���D  1��d �5L�N 
� 	` E�M
�� 1�	5 �� �� 	@
��+ C�� �

���>9 
��7 ��1� �� �+�	5 Sb  8���	+ C���� 4�� 
��7 ���D �5 	L�N

�?��	� 
��7 � P�� Sb  8���	+ C���� �5)T 	L�N �5 
+� ��  ;� P��� 	9


��7 �� C��� ���>9 ���b�D�5 �
D�� 1	
?� 1��� @
��+ 5�M
���  �9��I

�5�.  

 
 
 
 
 
)24( 

lT�mn�� = Y[�	 × q�,	 +  rs� + t�)^
\_`

 

× q�,	 + )* × q* + Y )mn��R × uR)]w
R_`

	 
× x	Yyz + �ST�{|}

|_`
× ~�| × �|  

   

���>9 C����L� J��D �9���>9 1<�	�?B� 1�9 )M(�d�b+� � )SV( �

����	+����� 1��)0 )R( �
I�+ l	U� )q*( �
���	
��� ��	I � )q�,	( 


+�.  �Y5�� C�� ��r  � <�>�/2� p�� �����?Dn  3� ���B� �9 �	u  ��
�� 

�� ����_� ��-
�� �?�	T 4��T �� 3� ���b� �� �D�52  p�� F�7 	5

 .
+� ��D �{��� ����_�  

���>9 C���?93��>?9 ����� @
��+ ��_�+ 1  C�	�D E� �5 F��	� ��

>?+� C� ���B� )TAC�o�m��(  �� ��D K�	B� 	�; <��W �5�5�-� 

@
��+ �Y5�� 1�9 �����4���
� 
+� �
���	
��� (�	  �� 3� <��\� ��� �

 <�>�/2� �+�� @
���.�D�5  

  

 
 

 
 
 
)25( 

 

lT��o�m�� = 

Y[�	 × q�,	"�� × q�,� +  rs� + t�)^
\_`

 

× q�,	 + )* × q* + Y )��b�R × uR)]w
R_`

	 
× x	Yyz + �ST�{|}

|_`
× ~�| × �| 

 		q�,��q�,	  � �
���	
��� ��	I � (�	  1�/5 F��	� �5q* � q�,	 

�� �
D��/5 E�� � 1;�0 
I�+ 1�/5 ���b� �� �D�5 �/�� ��

 mT�	�]25�26  �27[  ���b� � 1	5��� p�� F�7 	5 �����T <��W �5

 ��D ��� l	U� .
+�  

  

6 - ;%�8� �9K�>� 
 ��/N �5 �3��9�; 	/D �� J
9 .� �� 8�� ���b� �� 1���� �B��Y�

 1���� �b�d 	9 � �b�d20  
7��� �5 =���18 �� m5	� 	
��D�5.  ��X��

��5 ;��� ���� �
D��/5 � E	D E� � �-���	+ ��-���	0 ����	
��� 1�9

J�D �� �4�+ 4�d �� 3�?
I�+3 .
+� ��D �����  

 J&��1-  ) �+ ����0' ��-.�/ �8.,�X[[[[ 2.3�� &% & ;D(�/ \8� (+ ;/() (] trad , CCHPW(W+CCHP)  20&21[ 

� �5)T 8����
(kg/MWh) ξk,Cab 

���	
��� 8���	+ 
(kg/MWh) ξk,Cc 

8���	0 
(kg/MWh) ξk,H 

�
���	
��� 
(kg/MWh) ξk,e 

����_� p�� @
��+ 

182.04/COPab 430/COPele 182.04 430 CO2 CCHPW 

(W+CCHPW) 

 

0.1274/COPab 0.8/COPele 0.1274 0.8 CO 

0.1532/COPab 0.7/COPele 0.1532 0.7 NOx 

182.04/COPab 700/COPele 182.04 700 CO2 trad 

 0.1274/COPab 4/COPele 0.1274 4 CO 

0.1532/COPab 300/COPele 0.1532 300 NOx 
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 J&��2- (� �8.,�X��� 0' ��-.�/����¬;�+ CO2 
CO  &NOx ]22]  

	
����� 
�cO ���b�  

NOx($/kg)  ����_� ��-
�� ��
��  u��� 6.853 

CO ($/kg)  ����_� ��-
�� ��
��  u�� 0.02086  

����_� ��-
�� ��
�� ($/kg) CO2  u��� 0.024  

  

7 - �)��@�/ ;�+(.�/��� 
� 	W 	
����� 89�:� C�� �� �5��;�� ���� 1�9	
����� ;� �� ���T

����_� ��-
�� 89�� � 
I�+ l	U� 1�9NOx �CO  �CO2 �� �� �D�5

 S5��� S+��)26) � (27( �� �5��;�����D] 23[:  

  

��UP = ����mn�� " �����o�m������mn��  
)26( 

PR = )mn��R " )�o�m��R
)mn��R  

 
)27( 

 ��		����9����	���������?	  @
��+ � 	U� 
I�+ F��	� �5

 3��>?9 ����� @
��+ � (�
�+) 4���
�)CCHP+W  ��CCHPW( 

��� ��D�5 ���M�� 	5�	5 ����_� p�?2� 1����� 1�9CO2)� CO  �(NOx 

 @
��+ 1�	5 ;��� ���� E	D E� � <��	5 � <��	7 ��
���	
��� ;� �D��

(�
�+) 4���
� �� �Y5�� �5 �� �D�5)29( 5 ��� 
+����:  

  )�|��R = �)R,X��\ = ����,��mn�� + �)R,b�
\ = 
���,���|�� 

+z�� ��)R,�cd��\ = ����,��mn��
��)R,�e��\ = ����,��mn�� � 

)29( 

�)�o�m��R ����_� p�?2� 	5�	51����� 1�9 CO2)� CO  �(NOx  ;� �D��

<��	7 ��
���	
���� <��	5 E	D E� �  @
��+ 1�	5 �� 
+� 3��>?9 �����

���5��;�� 	9 �� �����  1�	5  3��>9 ����� @
��+ �� ;� ����Y5�� }5�Y� 1

)29 ( � 	B���D.  )�o�m��R = �)R,X��\ = ����o�m��+�)R,X��\ = �	 o��o�m�� 			�)R,b�
\ = 
	��o�m�� + �)R,�cd��\ = ��	��o�m�� 		+�)R,�e��\ = �%��o�m�� 

 

 
 
 

)29(  

8- ����) ���'(X J(.�,;@�� 
(�� C�5 ��9���/5 1���
v��� @
���,�� �� .�
�R @
���,�� (�� �1;�+ 

P�/��J���� ;� �
B��d ;� �
 	0�
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 8���	+ 
� 	`

���	
���	L�N(kW)  

 �-���	0 
� 	`

	L��5(kW)  
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� 	`

 ;�+;�0�����(kW) 

@
��+ 
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E �
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