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Energy and Exergy Analysis of S-GRAZ Oxy-Fuel Cycle 
 

H. Nami P.h.D Student, University of Tabriz, Faculty of Mechanical Engineering 
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Abstract 
CO2 is the main greenhouse gas due to the very high overall amount emitted by human activities, and about 

one third of the overall human CO2 emissions are produced by the power generation sector. Oxy-fuel cycles are 
a promising technology. From the other side because of the fuel consumption in the power generation sections, 
thermodynamic analysis has an important role. In this study we are going to analyze the cycle and all the units 
thermodynamically and propose some information about the energy and exergy efficiency of them. Energy and 
exergy efficiency are 53.25% and 46.45% respectively and as it was predictable the main part of exergy 
destruction occurs in the combustion chamber. Solving simultaneous equations has been done by the EES 
software. 
 
Keywords: Oxy-Fuel, HRSG, Exergy, Combustion chamber, Condenser. 

  

 
 
 
 
 
 
 
  

  

  

  

  

  

  

  

  

  

  

  

  

 
  

  

 
 
 



 
 
 

 

�9
	:

 "
T�

#7
� �

 "
T	

�� 
I

�R@
�

" ... 

102  

1 - ���;� 
���,R7 "�3/�7 /� �9	- ���_� 	�9� >�' �M�� >�O �� "�

 &� �� '� �
%�� +��#%� �(B�� I-�Q 8�#�� �- 	1�)�� ��

��	
�7 a�)B�"� b� @� 	- ���� �)R* c�� � �� �� ��	Q 	�d

- 8� ����3 � H� C��	0 � 2��/ e=' "��� 2
%	7 � ��B�

.'� ����� "�2-	������� ��!
�� I��� �-  C'�� 8� ���/

���.%��)* f#B 8���* �- ������ "�3���,R7 "�3/�7 " �� "�

�� �
%	7 	?� ���E � ��03/1 "� /� �0�� 2-	������

���.%��$��B /� ������� "�3�� ��!
�� 8��� ����� "�3�-�� ]1[ .

�.'�� (B "�Q ��!% >�)*� &� 2��	-��- "�3 IE ��� "

2�� ��(� "�	- �
%	!�� "� 8�#����$��B /� "����� 2-	������ 

��)* �� ����� ��B� 8��� ����� "�3 ��	Q �- �3 IE ��� 2�� "

'� 	�/]2[:  

- c)B /� ���1
'� �- D�	
E� /� j� 2-	� ����� "� "���

2��� �- �B�	9 "�3/�7 "�!
�0�3  

- 9�' ����/ 2-	� ����� "�	- D�	
E� /� I�Q ��R��% "�3

��9 8T����39�' �� F "�	- 8T����3 �- ��0 ��k "�3

��7�	�� �� ���1
'��
�' "�3  

-  D�	
E� ����)�0 KL�M@� 8�	� �_RE �� l�����  

- �9	:����� "�3 "�3 9�' /� �0�� �R9�� D�	
E� �- >��%

.F��9 8G���� � �R��%  

 8��� 2�� ���9	:"�3 ����� "�0� �-�� "T������ >��%

� �
�  ���
�3� "�9 8G���� �- D�	
E ���)* "��� >��' �F�

"� /� I�!
������ 2�� �� '� H� ��,- � 2-	�

"� �RE	� �� �
E�� �- "����� 2-	������ " +��$: H� ��,-

 2�� 	$�� �#� .'� �	�9^ � "/�'��B I-�Q�9	:3 �R-�Q �

��	
�7 /� ���1
'�9�' /� �.�'� "S3 ��3 � �.��O/�7 8�:

9�' 	��'2�� 	- ��U* .'� �R��% "�3�  m��� ����- 8�#��

NOX "� 8�n)3 #�� "����������2-	��  �� "/�'��B I-�Q

�RE	� "+��$: ��,- H� o���	_� A��	� 2��- � '�  ���$n�3

�)� 	1�)�� ���� �7���L� /��� ���� 8G���� 	$�� N	O /� .��0

��7�	�� �� D�	
E� "�	- I-�Q p�#- #��' �- "�3 C'�� �����

��	
�7 I�0 �- �/�	�� �� �0���� ��3 ����� "�3�E�� �� "�

�� ��	Q ���1
'� ���� 1� c���J � "/�'�L�% c���J .�	�7

 "��� >��'  ���
,�0�9#B �' /� ����	� �� &� � H� ��,- f

"� f#B������� 2-	���0�- ��/�- �- 8��� ����� �R-�Q L�- "�3

 � ���� ��2��	-��- ���#3 F��9 8G���� ����� �- ]�-	� "

���� #�� "��M
Q� ��B��. 

�9	: �RJ� <	O "S-GRAZ   >�' �� �,�	B C'��

1985 �0 �W���]3[. �9	: &� �� ��!
�� 8��- 8��� ����� "

�9	: 2�� �� �� �	� <	=� �7���L��  /� ����	� �I��* >��'

"� ��- H� ��,- � 2-	������]5  �4.[  

 �� >�'2000 ��	
�7�9	: /� �.�'� " "�3S-GRAZ   �-

.�0 �W��� "#
�' "�3/�7 �- 8�
� /� 9�' 	��s� 8��/ 8� �� 

�)3 ���'	t)� ��� 8���'� IQ��E �- "�	- uU� "�
'�� �� "

�RE	� /� I�Q I��' C'�
� H� ��,-�� �����$: �	t)� " 

 f#B 8���* �- 2-	� ����� "� I��' 2�� �� 2��	-��- .�0

J���- �R]6[ . >�' �� ���2004 ����� ��E �- !7/�- &� "

�9	:" S-GRAZ oU��� �	�/ �%	7 K��J  �� ��- ��0 ev��

���E	� �� /��� ���� ��� +3�� �- �H� ��,- NwE � �	t)� "

�?1@� �- "���� 8��	B "��� �3��9 +3�� D�	
E� "

%��]7[.  

�.��=� ��: "T	�� I�R@� 	- ��U* �	v�E "�9	 ����w� "

�W��� >���� �-�/�E �� � ��
� � A��=� " �����) "T�#7� "

 "�	- �� S�
�3 (�9	: f#B 	3 "T�#7� 8������ � A�	,�

�� K��J ��- 2���� "�	- "T�#7� I�R@� �)3� #�� � �	�7

P�Q �R)B /� &������� I�R@� ����� "�.- "�3 � N��3� "

�.��=� "�3 "�����.'� 	v�E "  

  

2- �-,. =*2% �>2% &S-GRAZ  
 IJ� ���9	: "S-GRAZ � /� ����	��9	:"  8�
��	-

�?1@� ��3��'	t)�) L�- "��� �- � (L�- ��� 2�-��� � D�	
E� "

�9	:"  ������$: �2���� ��!% 2�-���) 2���� "��� �- 2�����

���� �� (L�- ��!% 2�-��� � ��,- ��� �- 9�' .�0�-

	
�����
'��?1@� ���� 8G���� /� &��� ���� D�	
E� " ��0

 ��!% �� ��40 �� ��� 	1�)�� A��	� �� ��B�� H� ��,- .���

����� &�9 +_� 2-	� ����� "� � ��,-u�- � ]�=9 " �3

�� �1�� ��o���	_� /� ����	� .��� 74 � ��,- %26 ����� "� %

�?1@� (��	B ��� A�E 	-) 2-	�� �� �� D�	
E� " "��

 C'�
�1400 �� m	� ��	$�
��' �B�� ��!% �� >��' .���1 

 "��� � 	1�)��573 �B�� L�- ��� 2�-��� �� ��	$�
��' "

�� C���� L�- ��!% 2�-��� /� �B�	9 >��' /� �
)�Q .��0

�� �1�� �� L�- ��� 2�-��� �� "��� &�9 +_� �����  

)13.7B �- �(L�- ��� 2�-��� "���� 8��	B % /� �B�	9 8��	

�?1@� �B�	9 8��	B �� ��,- �J�� � ��0 A��	� D�	
E� "

 �- �� L�- ��� 2�-��� /�77 ��oU��� .���'�  I��� �- '� ev��

 &� �L�- ��� 2�-��� /� �B�	9 >��' �� ��B�� "T	�� ����

 � �
%	7 ��	Q "T	�� 2�� /� ���1
'� (B �8��	B 	��� �� ��,-

���s� ��,-��� "�� �� L�- ��!% 2�-�� 2�� .���)� �B�	9 ��

����  �(�� ��,-46 2���� ��!% 2�-��� �� ��	B 8��	B %

�� C����o�
��(� � 2���� ��!% 2�-��� �B�	9 ��!% .��0  ��!%

�������� 043/0   '� 	1�)��.  

���0 ���� �� 	�/ K��v	% "���� 	- ����������	� "/�'


%	7 K��J K�%U�� � ��/�-'� �:  



 
 

  

	�
 �

� 
/	

��	
%�

�'
 �

 �
��

� 2
��

E
 

103  

 L�- ��� /�7 2�-��� &���	
�#�� ��/�-3/90 ��!% 2�-��� "�	- �%

 L�-90 2���� ��!% 2�-��� "�	- � %88�� %                               |�0�-

 2-	� ����� "� ��'	t)� &���	
�#�� ��/�-78 ��'	t)� � %

 ����	� 8��	B �- ]�-	�88�� %  |�0�-  

})� &���	
�#�� ��/�- �375�� %                                                                                                                        |�0�-       

 �� ����� NU
9� IQ��E����  ���,-25  ��	$�
��' �B��

 � �#�������� "�	-25  2��	7 D�% )�Q "�	- ��	$�
��' �B��

�� ��,-                                                                                                                        |�0�-                                                

 �� 2-	� ����� "�1  "�	- �%�v� ��� ���!�� ��/� 	1�)��

 ��!% �� S��	�100  	1�)��350 �� P	7�R�� 	3 "�/� �- >�T�R

�� ~�@� "T	�� "�_- C-��� �� �� '���0]٣[ |  

�?1@� ��!% �� 8� S��	� � 8G���� ����� "�	- P/L 8��� "

 D�	
E�1225 �� P	7�R�� 	3 "�/� �- >�T�R���0�-]٣[.  

  

$��1- �9	: "S-GRAZ   � "��� >��' 8��	B �RJ� f�#B� �-

����  �RJ� "�3I��']3[.  

 
3 - &',�* $��%  

>��� �� ��!% %� 2
%	7 	?� �� �- ��.��=� 2�� �� � �3

 I���*2�-��� �� ���	
�� ����� � "	�w��� !7/�- �- ]�-	��3 

�=-�� ��3��'	t)� � ��	Q �- &���	
�#�� ��� � �.Q�� ��� 2�- "

'� 	�/]8[.  

)1(  
C

isenC
isenc

W

W
ɺ

ɺ
,

, =η  

)2(  
isenturbine

turbine
isenturbine

W

W

,
, ɺ

ɺ

=η  

  
 	�/ ��	Q �- �9	: ����������	� 8������ 8�)3 �� "T	�� 8������

 :'� 

)3(  
methane

PCHPTLPTHTT
thermal LHV

WWWWW ɺɺɺɺɺ −−++
=η  

  

 

8� �� �� HTTWɺ �HPTWɺ� LPTWɺ� CWɺ � PWɺ  A��	� �-

� ��0 ����� ��� 2�-��� � L�- ��!% 2�-��� �L�- ��� 2�-��� �

})� � �3��'	t)� �� �%	M� ��� � 2���� ��!% � ���- �3

LHV methane  .'� 8�
� 2���� ����	E u/��  

  

3 - 1- ?*,@5* �A ��  

�?1@� �� F��9 8G���� �- 8�
� D�	
E� �.��=� 2�� �� "

3 "�/� �- '� ev�� .'� ��0 �
%	7 	?� �� D�	
E� 	

 8�#�� �- �8�
� P	7�R��4  �� S���� /��� 8G���� P	7�R��

 D�	
E� 2�� KL�M@�75/2 "� P	7���� � 2-	������25/2 

 ����	E u/�� .��- �3��9 H� ��,- P	7�R�� �8�
� 2����

50015 '� P	7�R�� 	3 "�	- >�T�R��]9[.  

)4(  OHCOOCH 2224 22 +→+  

  

3 - 2 - �>2� ��B� 

- "��� �- /�7�� ���9 L�- ��� 2�-��� /� �� L� �- ���0

 �� P	7 >��' 8���*���� ��,- ��,- ����� "�	- �� ���1
'� ��0

 L�- ��!% 2�-��� �� ���s� ��,- 8���* �- "����� ��,- 2�� ��

�� ���1
'�����.� .��0�?1@� "�	- "T	�� "�_- " �- ��,- "

:'� 	�/ K��J  

)5(  ( ) ( )141313455 hhmhhm −=− ɺɺ  

 
�?1@� I� ��/�- ��	Q �- >�� 8���Q ��7��� /� �D�	
E� "�=-�� "

6 ��.�0�-        

)6(  
( ) ( )( )

134

131454 ,max

TT

TTTT
esseffectiven −

−−
=η  

  

3 -3- ��	>�C.  

"� "/�'��B ����	% ��� �� /� �� H���,- � 2-	������

�� K��J �����$: )�Q )�Q 8���* �- �E�� 2�� ��	�7

�9	: �RJ������ "�3�� >��%- �����$: �� "T	�� 8/��� .�0�

:'� 	�/ ��	Q �-  

)7(  2222202088212177 hmhmhmhmhm ɺɺɺɺɺ ++=+  

 
  
4 - &'�()* $��%  

"T�#7� 8/���  "T	�� � P	B >���� �- �� �)
��' 	3 "�	-

:'� 	�/ ��	Q �- ���� ����	'  

)8(  ∑∑∑ += d
out

o
in

i EEE ɺɺɺ  

  �=-�� �� D�% "∑
out

oEɺ  �∑
in

iEɺ  	$���- A��	� �-

 �� '� S
��' �B�	9 � "���� ����	B "T�#7� a�) �



 
 
 

 

�9
	:

 "
T�

#7
� �

 "
T	

�� 
I

�R@
�

" ... 

104  

���3� 8�!� ���� �� 2�� NU
9� � ��0 VR� "T�#7� a�) � "

 I-�Q ����	B ��M,� "T�#7� .'� S
��' �� ��0 ��3

���#�% "T�#7� �� ���������	� "T�#7� �- S��_�(eph)  �

����)�0 "T�#7� (ech) '�]8[.  

)9(  ee chph
e +=

 
��!% � ��� �- �=_� 	3 �� ���������	� ��M,� "T�#7� 

�=-�� /� ��'�@� I-�Q � ���� �$
�- C�@� "10 '�  

]16 -8[:  

)10(  ( )00 ssThhe ioii −−−=  

 ����)�0 "T�#7� 2��n)3 /�7 &� A��	� "�	- ��M,�

���� �=-�� /� >� "11 '� ��'�@� I-�Q]16-8[:  

)11(  ∑ ∑+= ii
ch

ii
ch
mix xxTRexe ln0,0  

 

8� �� �� xi � ���� 	��e
ch

i,0
#7� ������
'� ����)�0 "T�i 

�� #B 2����0�-. ]18-17 �15[:  

 F��9 ��� ��� #�� P�� 8���Q 8������ �� "T�#7� 8������

 /� �� '� �9	: �- "���� "T�#7� I� �- �9	: �� "�����

�=-�� "12 � ��'�@��.��0  

)12(  ξ=
input

nettotal

E

W
ɺ

ɺ
,  

 �>	
�� S E &� �� �.Q�� "�3����	% "�	- "T�#7� /� �!,-

!7	- I���-"	�w�����9 A�	,� �33 �R��� 	�� 2�� �� ��0 �

7� 8������ �'�	- "�	- C-��� .'� �9	: "T�# �- ]�-	�

"T�#7� A�	,�  "T�#7� 8������ #�� � �9	: "�#B� ���)� "�	-

 >�B ��1  .'� ��0 �����  

  

5- DE�@� + F�� 

5-1- &',�* $��% ��	���8@G* 

 "�	-�9	: ����� '� �- \��
� �- �3����
*� 	?� ���� "

 �-4/143  � �
%	7 ��	Q "T	�� I�R@� ���� "���� "T	�� K���$�

 /� IJ�E \��
� �- I�R@� \��
�c��� ]19[  ��	Q ����_� ����

�� >��B .�	�72 �� 8�!� �� ����_� 2�� \��
��� �3�  ���7

&� .'� \��
� /� H�9 ����- ����,)3  

  

 1+��2- "T	�� I�R@� \��
� �3����
*� 

  

5- 2 -&',�* $��%  

�W��� "�	- "�	- ��!% � ��� ��-� K�M,!� "T	�� I�R@� \��
� "

 >��B �� �9	: ]�_� /� &� 	33 .'� ��0 �����  

  

 1+��3- �_� ���#�% K�M,!��9	: ]  

 ��!%

)bar( 

 ���

)°C (  
��	B �-� 

)kg/s(  
���� �=_�  

40  125  4 8G���� 1 

40 125 1 8�
� 2 

40 1400 68/16 �17/6 
 ����� "� �H�

2-	� 21/9 
3 

1 573 01/20 �98/5 
 ����� "� �H�

2-	�  
4 

1 190 01/20� 98/5 
 ����� "� �H�

2-	� 
5 

1 190 21/9 �75/2  
 ����� "� �H�

2-	� 
6 

04/0 32 21/9 �75/2 
����� "� �H� 

2-	� 
7 

04/0 32 21/9 H� 8 

1 32 21/9 H� 9 

1 32 25/2 H� 10 

1 32 96/6 H� 11 

1 95 96/6 H� 12 

180 96 96/6 H� 13 

180 565 96/6 H� 14 

40 250 96/6 H� 15 

40 250 83/3 H� 16 

40 250 13/3  H� 17 

1 190 8/10 �23/3  
 ����� "� �H�

2-	� 
18 

40 600 8/10 �23/3  
�H� "� ����� 

2-	� 
19 

04/0 32  75/2 2-	� ����� "� 20 

1  25  25/3 H�  21  

1  40 25/3 H�  22  

1  60  75/2 2-	� ����� "�  23  

1  60  75/2 2-	� ����� "�  24  

  

 �"T	�� I�R@� "�	-2�-��� �� "����� 8��� �%	M� 8��� #�� � �3

})� � �3��'	t)� �� ��'�@� �3��0 �� '� 	�^ 8���0 .���

��'�@� �� "T	�� K�1R���0 ~�@� F��9 8������ " >��B .���

4  "�/� �- �� K��'�@� \��
�&�  �- 8�
� D�	
E� P	7�R��

�� 8�!� F��9 8G����.�3�  

  

�3	
����� - \��
� � '�

���� 

 �����c��� 

[19] 

Total turbine power [MW] 110.7 111 
compression power [MW] 20.1 18.8 
Total heat input [MW] 143.4 143.4 
Thermal efficiency [%] 63.2 64.3 
Net efficiency [%] 52.1 52.5 
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HTT power [MW] 37.9 
Total turbine power [MW] 43.3 
compression power [MW] 15.7 
pumps power 0.16 
Total heat input [MW] 50 
Thermal cycle efficiency [%] 55.74 
Net efficiency [%] 53.25 
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1+�� 6- �E�� 	3 "�	- "T�#7� 8������ � "T�#7� K�1R� 

component Exergy 
destroyed 

(KW) 

Exergy 
efficiency 

(%) 
CC 17619 76.39 
HTT 2259 94.49 
HPT 147.9 94.71 
LPT 402.9 88.27 
PUMPS 20.33 86.86 
HRSG 447.3 95.77 
COMPRESSOR 2149 95.02 
CONDENSER 3436 13.73 
TOTAL  26482 46.45 
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