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Performance and Efficiency Consideration of a Floor Heating System Working with the 

Heat Collected from the Sun at Different Climate Conditions  
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Abstract  
Present paper introduces a novel floor heating system which provides its heat by the Sun. This integrated system incorporates the 
advantages of both floor heating and free energy supply simultaneously. It is examined for a special building under different climate 
conditions. Based on the obtained results for very cold climate conditions the new system’s performance is significantly low. This is 
mainly due to the working fluid’s high temperature limit which causes the supporting solar system to be too much bigger than the 
normal one which is sufficient to heat up the building. The most significant advantages of the proposed design is for moderate 
climate conditions where the inlet temperature limit does not impose an extra area and, hence, cost for the solar system. For this 
condition the integrated system has superior advantages to the traditional ones.    
Keywords: Floor heating, Building, Energy efficiency, Climate conditions, Solar energy, Environment. 
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�	9 N]�PS� ���O� ����� ) M��5�	
���

 �/�5� `1L� 3� ���;
2� N��a �� 
2� �7��/ .
2� ����	8 `1?
2�

]�/ V��	� �/ ��9 `�-� ���GO �<��F ���=� 3� 	� �O��F ���� 
2�/

.��/  

 3� A���	8 � �������� C�O B
��2 C�	<� W� ���GO ����=� �/

 @� 3� A���	8 B
��2 C�	<� ���GO �� B�/�� �� �� �@�

7/27 � ���/ �������� B
��2 C�	<� ���GO 3� 	
5�/%385/1  :� 	/�	/

.
2�  

���� 
��0 
2� �7��/ �� u=S� ����3 M� 
��  �� ��9 D�-_� ��

 � :GI� C��� N1>�;�49 2 �<������,  � �>� �/ B
��2 �-�f��

 �PI5� ���?� :�	��������	8  	;a �/ 	�*�� j�  N�PI5� �/ ���7/

 :�	� � �>� �/ ��f�� .��/ .�2	/19 �������	8  �/ 	4�� ��9 ���7/

�������	8  C�	/ �� T��
� �M��20 �������	8 ) :�
��3 ����3 ���� ��1 

C�  ��29 �� �2�	/ (��;2� .B���  
��7� ��14 �������	8  :���?/

V2���	� ���?� .��������	8 G�	�� B�,L� C�	/ �� H�I
��  M��<) ��	8

11.(  

 �� 
2� .�� �<�� W/�L �
�� ���?� �/ :�	� � �>��������	8 �O

.
��� 	
5�/ C��9��F CZ	�� �/ �/��
2� C��?� �/ ���G�  �,��� .��

�� @e�d� 
�-O� ����3 :���?/ G�� C��P
L� N�f01� �� �/��

 ���?� H�I
�� C�	/ N��2�S� � ��9 ���� N��2�S� �� B7� C��
�� 

 ���7/�������	8 �2�	/ �/ ���/ ��f�� .��/ .�O� ��	L D�?5�� 
S� �� �O

 ���?� .�	
7/ ���  N�f01� � �Z�	� [��	9�������	8 ��	8 H�I
��.  

  
 B0��11-  /'�ZT 8�e-�'����05/*+  I)*VT ,
�<' 2'*� �?0*� �	

�  

A *+,,℃� -./0123 B C  

1  73/84,906  -  -  

2  05/80,267  464/5  -  

3  17/76,022  464/10  5  

4  92/72,358  778/14  314/4  

5  3/69,191  509/18  730/3  

6  66/66,401  794/21  285/3  

7  84/63,974  652/24  858/2  

8  94/61,804  208/27  555/2  

9  57/59,872  484/29  275/2  

10  02/58,148  515/31  031/2  

11  31/56,565  379/33  864/1  

12  17/55,118  083/35  704/1  

13  41/53,831  599/36  515/1  

14  77/52,603  045/38  445/1  

15  49/51,494  351/39  306/1  

16  08/50,477  549/40  198/1  

17  28/49,506  693/41  143/1  

18  1/48,482  899/42  206/1  

19  79/47,669  856/43  956/0  

20  14/46,907  754/44  898/0  

  

���7/  C��*8��� C����3 C3�2�������	8 �O	/ �/ �:�	7� B�,L� C�

C����3 H�I
�� 30  � �= � �<��5- �<��  W�9) C��-e9 n	9 �/ (

 M���< N�e1Y�12  ���14 �� � ����	8 ��	�������	8 46/4  	
�

M�� ���7/ �?/	��� C3�2  M���<) ��	812  ���16 .( :�	� � �>� �/

19 �������	8  �/ 	4�� ���7/�������	8  ��
��  �2�	/ �/ � M�� D�-_�

 C��� � �	�Fx :GI� 3� ���� 
2�/ H� C��� �
e�2 N1>�;�

B
��2 �-�f��  �O�� �2 ���� ��) :�
��31 �� C�29 �	/ (��;2� C

 ���?� .�	
7/ H�I
���������	8  N�f01� .
 	8 	f� �� �/ �5���	8

 �C��P
L� � �� 10 �������	8 	
�2��� :���?/ ���?� .��������	8 

�� H�I
�� :�	7� B�,L� C�	/ M��<) ��	815.(  
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 L��9- ����05/*+ 46/4  �/ �	

� 2�'[+��% 2�)'0& �� �Z�*� *-�

F'*
T ,
�<'  

  

 B0��12-  �AG' �)0'& f)*-
�����05/*+ F'*
T ,
�<' �/ EeT �� !  

�= � ����3  *+49℃ � T567893 

0  7/259,327  

5  7/256,219  

10  8/254,027  

15  3/251,988  

20  25,0711  

25  1/250,136  

30  8/249,517  

35  7/249,677  

40  1/250,265  

45  4/251,693  

50  7/252,821  

55  7/254,758  

60  257,229  

  

 B0��13-  2/3�1 �)0'& f)*-
�����05/*+  ,
�<' �/ EeT �� !

 F'*
T  

C��-e ����3  *+:;℃ � -./0123 
10-  5/249,248  

5-  9/249,079  

0  8/249,517  

5  2/250,285  

10  6/251,220  

15  4/252,426  

20  253,770  

25  4/255,807  

30  6/257,242  

  

 B0��14-  2'*� ���5 E��� g)�-�����05/*+ 46/4  �	

� �Z�*� *-�

 F'*
T ,
�<' �/  

�;��� /�\=�  �?/ �/ 
��0  Rx(30) Ry(-5)  

1  

x 0  0  159/0-  

y 66/3  17/3  17/3  

z 0  83/1  823/1  

2  

x  0  0  0  

y  0  0  0  

z  0  0  0  

3  

x  22/1  22/1  215/1  

y  0  0  0  

z  0  0  106/0  

4  

x  22/1  22/1  056/1  

y  66/3  17/3  17/3  

z  0  83/1  929/1  

*+:;℃ � -./0123 1/228,582  

  
 B0��15-  /'�ZT 8�e-�'����05/*+  F'*
T ,
�<' 2'*� �?0*� �	

�  

A *+:;℃ � -./0123 B C 

1  14/62,023  -  -  

2  68/50,368  79/18  -  

3  88/40,000  50/35  71/16  

4  32/31,377  41/49  90/13  

5  84/23,261  49/62  08/13  

6  18/15,935  30/74  81/11  

7  035/95,38  62/84  31/10  

8  71/4,692  43/92  81/7  

9  244/1,061  28/98  85/5  

10  1,627-  62/102  33/4  

11  49/3,883-  26/106  63/3  

12  53/5,783-  32/109  06/3  

13  19/7,284-  74/111  41/2  

14  4/8,463-  64/113  90/1  

15  13/9,070-  62/114  97/0  

16  08/9,656-  56/115  94/0  

17  3/10,015-  14/116  58/0  

18  10,344-  67/116  53/0  

19  2/10,584-  06/117  39/0  

20  6/10,843-  48/117  42/0  

  

 B0��16-  X�'I+EnergyPlus  &'����05/*+  EeT4652/4 �Z�*� *-�  

	
�����  )3��  

 
0����������	8 	
m=�  436/4  

 V�	>1 (�?/) C�� �	7/ ����?�  691/0  

 V�	>2 C�� �	7/ ����?�
W m=. K⁄ �  396/3-  

 V�	>3 C�� �	7/ ����?�
W m=. K=⁄ �  00193/0-  

 V�	>2 ����3 n1a�  1939/0-  

 V�	>3 ����3 n1a�  0055/0-  
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3 - g)�-�  

) :��� �� ��9 	5
�� CZ	�� ����3�	� .�	F� ���� �/ ��/1391 �( C�

 �,a� :���e �/ ./	� ����� ���	=� ��O �8���� W��e .�	�23  3� �a��


2���� �� ���-e � C��_� AI/ �� ��O �8���� B72]17[.  C� :�G��

 W/�L 	�3 A���� u�Y �?��Y 3�8 .
F�2 3� Wa�0 ./	� �����


2� ��2�S� ]17[:  

)3(  CH4 + 2O2 → CO2 + 2H2O  

)4(  16 + 64→ 44+ 36  (kg)  

� ��2� 	/) [/��3) � (4(  �?��Y 3�8 `	8�,�� 	O C�3� �/75/2 

 `	8�,��CO2 .��9 �� �����  

�	Y 3� Wa�0 T��
� C�	/ @� 3� A���	8 B
��2 ���7/ �0

B�,L� �� �?��\� ���� :�-
F�2  �/ :� ����=� � :�	7� � G�	�� C�O

 ����� � �?��Y 3�8 ������2 U	P� 6��;� �/ �������� B
��2CO2  ��

 M��<17 
2� ��9 ����� .  

  
 B0��17-  �
R3T 0 �Z
VD &�+ S*h� F'I
�CO2 ,-.
�  �3T�)/'� 2�7

,
�<' �/ $% &' ()��*+ 0F'*
T 0 I)*VT 2�7  

��2�S� ���� ��
��  / �5���	8 B
��2  G�	�� B�,L�  :�	7� B�,L�  

��������   ������2 � 	P� 3�8

)m3(  

73,193  7/57,976  

 ������2 � 	P� 3�8

)kg(  

56,871  45,048  

CO2 ������2 C�����

)kg(  

2/156,395  123,882  

@� 3� A���	8   ������2 � 	P� 3�8

)m3(  

2/57,053  5/46,652  

 ������2 � 	P� 3�8

)kg(  

3/44,330  36,249  

Co2 ������2 C�����

)kg(  

3/121,908  7/99,684  

���< � 	a �a�� 22  5/19  

  

 �������	8 ���GO �/ �e�-
<� C�O ��	-O �� 
2� ����-e  D�� .��

�� W�-S� C��	 � 	/ ����GO �� �5=� �� ��	8 ����� :� ����� .� 	/


2��� ��2� 1 M�2 CZ	�� ����3�	� 3�1391 ��5
�� �e�-
<� ���GO

.�	O CO2 6��/ �?��\� ��2� 	/  [�S� 
��;0 :��3�2 � ���7<

 
��380,000 �� �
 	8 	f� �� M���  ��9]18[.  

 ���?� .�	
7/ H�I
�� 3� o��������	8  ���� B�,L� �� �5���	8

 yI5� B�,L� :� C�	/ C��9��F @� 3� �5���	8 B
��2 ������ 	f�

 ����� �
��7� �� � ��	8 �� 	5
�� M���< V��L �� T��
� � ��9

 H��
0� �/ �?��Y 3�8 U	P� �� ���< � 	a 3� �9�� �n	Y C��P
L�

 ���7< � �,F�� C�O 
-�L ��R� ��
 	8 ��	L ��2�S� ���� �?��Y 3�8

 �e�-
<� C�O ���GO AO�� � �Z�	� C�	<� �\�S� 
��3 
���

�	7/ 3� Wa�0 .�9 �O��F yI5� 	f� ���� B�,L� �� B
��2 C���	/  

 M��< N�e1Y� u/�\�18 �0�	Y ����	� �5���	8 B
��2 �

]�/ ������ :�	7� B�,L� �� �?��\� ���� :�-
F�2 C�	/ ��9 � �
9�� ��

 ���< � 	a ��	<� N��a ��9/57 �/ �� CZ	�� U	P� �� C�a�� 
 M��<) 
9�� �O��F ��	-O19 � � 	P� 3�8 :�G�� .(CO2  C�����

 �O�� �2 ���� �� �?��\� ���� :�-
F�2 @� 3� A���	8 B
��2

) �\/�� 3� ���;
2� �/ :�
��31 AI/ �� {���� V��\� � (2  n	5/

 M��<20 �� �/ .�9�/  �� ���� 
2�/ ���< � 	a :�G�� :��� 	�R��

 M��< N�e1Y�15 � � 	P� 3�8 :�G�� �CO2  �2 ���� �� C�����

 M��< n	9 �/ �O��21  B
��2 C��P
L� 
�G� .��l-O .�9 �O��F

 M��< ��22 .
2� ��9 	�x  

  
 B0��18- I7fT *� B�)� F3
�
� U.C*� �1��-�' �	)  

3�8 D��  NOx SO2 CO SPM CO2 CH4 

���GO  8/4  6/14  5/1  4/34  08/0  68/1  

  
 B0��19-  �/ 2�
��34 $% &' ()��*+ ,-.
� �)'��% ���*�

,
�<' F'*
T 0 I)*VT 2�7  

���� M�Y  G�	�� B�,L�  :�	7� B�,L�  

2112  


e�2*  

D E F D E F 

11  52/0  �  1223  9/57  �  

* .
2� ��5� ���� N��2�S� �� ���3 N���2�� W���/ ����� M�� 3�� N�e1Y�  

  
 B0��21-  �W��T $% &' ()��*+ ,-.
� 2'*� ���5 E��� 6�1:D'

��0/ B3D �/ F'*
T ,
�<'  

�0�� / ��9 ��2�S� ��
��   ���=�  

 �O�� �2 � 	P� 3�8)m3(  6753  

 �O�� �2 � 	P� 3�8)kg(  5247  

CO2  �O�� �2 C�����)kg(  35/14429  

  

 B0��22-  &' ()��*+ ,-.
� 2'*�' &' ���5 E��� 2/�h-<' �G*!

F'*
T ,
�<' �/ 2�
��34 $%  

�O	
�����  �0��  	���=�  

 �?��Y 3�8 
-�L

 ��5� ��]14[  
V?��	
� /M���  699  

 3�8 ���7< 
-�L

 �?��Y]16[  
V?��	
� /
�2 7/48  

 �/ ���� ���< � 	a

 
-�L�,F��  
M���  3,432,174  

 �/ ���� ���< � 	a

���7< 
-�L  
M���  71,736,853  

  

 ���GO ��2�S� :���	�� {���� V��\� u/�\� �����	/ U�d�

 B
��2 3� ���;
2� N��a �� �����]� C�O3�8 ��5
�� 3� �9�� �e�-
<�

 ���� 3� C	�8�,< �/ ���9 �0�	Y C��9��F @� 3� A���	85/10  .�

 ����� C����GO ���O �/ ./	�  ���=� �/ :� 3� �9�� �e�-
<� C�O

839,360 �� AO�� M��� .�/��  

�� W�9 ����3 �O ���GO .�� C�O 
���?  �� �	�8  �� 6� C��P
L�

t�2 ��R� :�X ���	R� ��_�� �/ ���	8 ��X 
��3  ) B�=
�� �\�S�

�(�O ����]� ��5
�� 	�f�  	/ .���*4/ �;�� 	R� 	4�� C�O ��	8 N���e �/

B,e �� 	4��  �\�S� 
��3t�2 N�	R� :��-� �-� C�	/ 
��3 [�S�

� �� ���;
2� �Z�� .�� 3� �
9��7/ u�L� ��2�S� C�	/ .��9 ���GO C�O 
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�\�S� 
��3 C�O�0�� )3�� ���/ �e�-
<�  :�G�� � ��9 �
F��9

����]� D���� 	�R�� 
��3 C�O�0�� 	/ �O ��	8 ����	/ �\�S�  �� ��

C�O��� ���� �?��\� C�< ����� .  

  

4 - ��
-� 2*
+  

 ��� :���?/ @� 3� A���	8 B
��2 ���7/ �0�	Y �/ ���=� .�� ��

B
��2 .�	� ������ � .�	� 3�� �/ 3�  C�	/ [�S� A���	8 C�O

B�,L� �� G�	�� ��12� ��3� ��45��� 6����� �2��7� :�-
F�2  C�O

 ���< � 	a �(M�
?�) :�	7� � (	�2�	2) G�	��22 3�8 U	P� %

/ :�
��3 ���� M�Y �� �?��Y% � G�	�� B�,L� C�	5/19  B�,L� C�	/

 3� A���	8 B
��2 ���� 
�,/�L �/ �<�� �/ ����� �� .�9 Wa�0 :�	7�

B
��2 	��2 �/ 
��� .���� C��� �/ H� 3� ���;
2� �� @�  ��<�� C�O

 ���7/ �0�	Y �/ �H� �/ A���	8�������	8 C��9��F 
I� �S;a C�O

B�,L� �� 2 ������ :�	7� � G�	�� C�O �� C��9��F A���	8 B
��

B�,L� 3� 6� 	O �� �;� A���	8 B
��2 �/ M�P�� N��a  ���� �O

 ����	� B
��2 ����� 
2�/ T��
� �/ ��/ .
 	8 ��	L W�,S� � �2�	/

 G�	�� B�,L� �� ��9 �0�	Y52/0  :�	7� B�,L� �� � �a��9/57  �a��

/ ��9 �0�	Y B
��2 C�	<� ��
?��Y �� 
9�� �O��F ������ p�S� �

:���� G�	�� B�,L� �� �5/�� W����
� .��/ �O��I� 	�*�  

 B�,L� �� �/�5� N�PI5� �/ ���-
F�2 C�	/ B
��2 .�� C�	<� �/

 �:�	7�4,910  :�
��3 ���� M�Y �� �?��Y 3�8 U	P� �� V?�� 	
�

 {�	F 3� � ��9 ���< � 	a2,391  �O��F C	�8�,< ��5� 3� 3�� �]�

���� 3� C	�8�,< .�9  3� A�/10  .�CO2  B7� T��
� 3� :�	7� C��O �/

�� n	Y 	4�� .�9�/  

  

5- 2�'Ii��j�  

���-�O�� 3� `�	
0� M�-� �/ :�8������ C�O � �
2����/ ����

 � �-,e 
��O �de ���7�� �>	�,e 	
�� C�L� H��<N�e��� C�O

u��5� � ��-93���� C�O �L��a .��0�-S� 	
�� C�L� H��< 	-R 	-

 �0�� ��12� ��3� ��45��� `	
S� 
2���.�/ C�
2�� �� �;,< �,,-��

�� W-?/ ��v2 � ������L u�=S� .�� `�_��.�����  

  

6 - �7/���  

A  ���?��������	8  

B  �/ 
��� ���7/�������	8 M�� (%)  

C  �/ 
��� ���7/�������	8 W�L (%)  

D  ���4I2��(
e�2) C��9��F A���	8  

E  �5���	8 ����	� B
��2 ���< � 	a(%)  

F ������  
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