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Electrical Energy Saving in Ironing Clothes of Yellow Polo Shirts 
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 J &;�Aก��J>��HHIV��  A<กcGก��J>*�ก�F)� ��') global warming  C<#PQ%�t�%�$����R��
&<D�EA��F)C#�����V;OC<;�T%�C')�EGQ#�)�$G  )$ก=�(����%�t�A�����̂D�#�ก�����PIC%)%�T (APEC) 
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 �CF%�'D)#�F%ก<��������#�ก������%T�'D)�กU�%�<� !!"�  *��%m���%P'()%��<�H�ก!)&b<�  �����(���กC$
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ก��#PF������� !!"�%�<DC]^(�  #�=��%�$�Aก��  )�G��ก����Q)�กa�b%�')�ก��Hก))ก&OQP�(�V����ก�B
H�%�<DC&O�]^(�G�C ��FA�  =��%�$�A=$D%��H�PQA�กOFA<กcG*�ก�F)� �F��(�ก�T')ก����������������
 !!"�  #PF������� !!"�)�Q���)%�$��E��#PF������� !!"�#�FTIFCTQ�&O�&I� 
 
 ก��&AC#&Q%&'()NF�E��%T�'D)�EGQ�ก��=$D%�C��&C%�t�)$กA<_$��̂D�=$D&�C��sPQA��������
������� !!"� �F  E��%�t�ก������<C�Jกa�b%�')�ก��Hก=$D%ก<�]^(�H�กก��%N� �CF%�'D)#�F%ก<�
�������#�ก������%T�'D)�กU�%�<� !!"�  *��%m���%P'()%��<�H�ก!)&b<�  ��ก�<H��J�s^�ก��&AC#&Q
%&'()  ���AQ��%&'()%P<(GE]�&�(�E��%&'()*�*�&$%��')�VI�IXE]�&�(�  *��%&'()*�*�VI�IX&$%��')�E]�
&�(�&QA�#�RQH�N�<GC�H�กNF�#�&��%T����>s�ก  EVVNQ���F�ETQ)ก  G<�ก���IC���C�J 2 %C��  E��
&AC��A (A��IJ$, 2542)  b^D�#���HHIV��NF�s�ก �F��VTA�C�<�C%�t�)�Q��C�ก  %�'D)�H�ก&AC#&Q �F=Iก
*)ก�&  %C'D)%��$�V%=$�Vก�VNF�=)H�ก%&F�#�_��CP�G<  %PQ� NF��"�� (100%cotton) b^D�%�t�A�GsI�<V#�
ก��N�<G%&'()%P<(GVI�IXE]�&�(�E�FAH��VAQ�  NF�s�ก��(�C$TIJ&CV�G<=$D�'���IQ�&O�กAQ�   CQ��(�G�C&QA�
GQ���])��Q��ก��, =���V �F�$  E��%C'D)��Vก�&�C��sT'�G�A#�F%�$�V �F*���Q��กAQ�NF�=)H�ก%&F�#�
_��CP�G< (B�$ก�RH��, 2546)   �FA�TIJ&CV�G<GQ����$(%)�  ��ก=U�ก���$�%&'()=�(�&)�P�<����ก�Q�A#�
]���C�G�h�� (กC�, 2534  E�� A��IJ$, 2531)  ��<C�J])�������� !!"�=$D#PFC$E�A*�FC=$DGQ��ก��  
*��ก��B^กX�%�'D)�])�ก��#PF�������#�ก���$�%&'()=�(�&)�P�<����ก�Q�A�$(  ��� CQC$]F)CO�C�ก��ก
%�'D)�H�ก CQC$NOF#�=U�C�กQ)�  Ĥ�%�t�=$DC�])�ก��A<H��#�T��(��$(  %�'D)B^กX�TA�C%�t� � �F#�ก��
�������������� !!"�#�ก���$�E������<C�Jกa�b%�')�ก��Hก=$D%ก<�H�กก��VA�ก��N�<G
ก��E& !!"�  �ACs^�GF��;��A<กcG*�ก�F)� �F)$ก=����̂D��FA� 
 

"	!KL����
0� 
 
 1.  %�'D)B^กX�s^���<C�J !!"�=$D#PF#�ก���$�, ����%A��=$D#PF#�ก���$�  E����<C�J !!"�
%m�$D�=$D#PF#�ก���$�%&'()GQ)�'(�=$D%�'()NF� 1 G����%CG�  ])�ก���$�%&'()*�*�&$%��')�VI�IXE]�&�(�  
]���C�G�h�� M, L, XL  �FA�%G��$�E�F�  E��%G��$� )�(U�  G�C�U���V 
 
 2.  %�'D)B^กX�s^���<C�J !!"�=$D#PF#�ก���$�, ����%A��=$D#PF#�ก���$�  E����<C�J !!"�
%m�$D�=$D#PF#�ก���$�%&'()GQ)�'(�=$D%�'()NF� 1 G����%CG�  ])�ก���$�%&'()%P<(GVI�IXE]�&�(�  ]���
C�G�h�� M, L, XL  �FA�%G��$�E�F�  E��%G��$� )�(U�  G�C�U���V 
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 3.  %�'D)�U�]F)CO�=$D �FH�กก��B^กX�A<H��C�%��$�V%=$�V  %�'D)&�I���P�<�%&'()=$D&�C��s
�������������� !!"�=$D#PF#�ก���$�  E��%A��#�ก���$� �F&O�&I�  ���AQ�� 2 P�<�%&'()���ก�Q�A
]F��GF� 
 

M���M!M�
ก��"�.	� 

 
 1.  %G��$�=$D#PF#�ก��A<H��  �FEกQ %G��$�E�F�  �$D�F) Philips  �IQ� GC 135  ]��� 1,025 W  
ENQ�TA�C�F)�P�<�)�OC<%�$�C (aluminium hot plate)    E��%G��$� )�(U�  �$D�F) Philips  �IQ� GC 1703  
]��� 1,325 W  ENQ�TA�C�F)�P�<�)�OC<%�$�C (aluminium hot plate) 
 
 2.  %&'()*�*�&$%��')�VI�IXE]�&�(�=$D#PF#�ก��A<H��  N�<GH�กNF�s�ก#�&��%T����>  P�<� T/K 
(polyester T/K type)  ]���C�G�h�� M (�)V)ก 40 �<(A), ]���C�G�h�� L (�)V)ก 42 �<(A)  E��
]���C�G�h�� XL (�)V)ก 44 �<(A)   
 
 3.  %&'()%P<(GVI�IXE]�&�(�=$D#PF#�ก��A<H��  N�<GH�กNF��"��V�<&I=_<� (100%cotton)  ]���
C�G�h�� M (�)V)ก 43 �<(A), ]���C�G�h�� L (�)V)ก 45 �<(A)  E��]���C�G�h�� XL (�)
V)ก 47 �<(A)   
 
 4.  &;�A�]J�=U�ก���$� T') J )IJ�;OC< 34-35°C  E��TA�CP'(�&�C��=_> 57%  �$�*�� CQC$
ก����C�(U���')�(U����$�NF�#��  *���$�#�����V%�$�V�F)�  E��E�F� CQ%�q�กP'(� 
 
 5.  A<_$=$D#PF#�ก���$�E��b�ก%&'()=$D#PF#�ก��A<H��)F��)<�G�C  A��IJ$ (2542)  E�� =A$��&C<� 
(2547) 
 
 6.  )I�ก�J>=$D#PFA����<C�Jก��#PF������� !!"�#�ก���$�%&'() T') watthour meter  E��
)I�ก�J>TAVTIC%&s$��;��])�������� !!"�%]F���VV=$D#PFHQ��������� !!"�=$D#PF#�ก���$� T') 
breaker 
 
 7.  =U�ก��A<H��#�PQA�%�')�ก������ p GI��TC �.B. 2550 
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�����N����*0�
"4�.��
-�	� 

 
 1.  &�C��s%��$�V%=$�V �FAQ�  ���AQ��%&'()*�*�&$%��')�VI�IXE]�&�(�  E��%&'()%P<(GVI�IX
E]�&�(�  %&'()P�<�#�H�&�C��s������� !!"�#�ก���$� �F&O�&I� 
 
 2.  %�'D)%�t�E�A=����<V�G<#�ก���<H��J�&AC#&Q%T�'D)�EGQ�ก��  *��%m���%&'()VI�IX  #�F
%�C��&C  *���������������� !!"�#�ก���$�  �AC=�(�PQA�V��%=�A<กcGก��J>*�ก�F)� 
 
 3.  %�'D)%�t�ก���J��T>#�F=IกT�C$H<G&U��̂ก#�ก���������������� !!"�  E������<C�J
กa�b%�')�ก��Hก=$D%ก<�H�กก��VA�ก��N�<G������� !!"�  b^D�%�t�&�%�GI���ก&�%�GI��̂D�=$D
กQ)#�F%ก<�A<กcG*�ก�F)�   

 
�K����*��*�N-��ก��"�.	� 

 
 1.  �F)���<V�G<ก��  %�]=$D 24/36 �COQ=$D 7  GU�V�G���]A�R  )U�%;)%C')���=VI�$  H���A��
��=VI�$ 
 
 2.  �F)���<V�G<ก��A<BAก��C&<D�EA��F)C  ;�TA<P�A<BAก��C&<D�EA��F)C  TJ�
A<BAก��CB�&G�>  C��A<=�����%กXG�B�&G�>  A<=��%]GV��%]� 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

 
5 

ก��!�".��ก��� 

 
1.  "�กO!ก������ก�-�� (global warming) 

 
 1.1  V=�U� 
 
       A<กcGก��J>*�ก�F)� ��') ���ก�ก��J>*�ก�F)� �C��s^� ���ก�ก��J>=$D)IJ�;OC<
%m�$D�])��'(�N<A*�ก%ก<�ก��%��$D��E��� �H�ก%�<C  b^D�C$E�A*�FC=$DH�%�<DC&O�]^(�H�กก��
%��$D��E���H�ก&;�A��กG<)�Q���A�%��A  =�(��$()�HH�C$&�%�GIC�H�ก�������ก&�%�GI=$D&Q�N�
ก��=VGQ)��VV�<%AB�>])�*�ก  =�(��$(#�&;�A��กG<  ก��VA�ก��=$D=U�#�F)IJ�;OC<])�*�กT�=$D
E��%�C��&CGQ)ก���U���P$A<G])�&<D�C$P$A<G��(�  %ก<�]^(�H�กก��=$D*�ก �F��V���&$TA�C�F)�H�ก�A�
)�=<G�>E�FA&Q�N�#�F�'(�N<A%��Q���(�C$)IJ�;OC<])�]^(�H�ก�กG<  E��%ก<�ก��ENQ���&$)<�!��%��b^D�C$
TIJ&CV�G<%�t����&$TA�C�F)�&�=F)�ก��V&OQV����ก�B)$กT��(���̂D�  b^D�TA�C�F)�%��Q��$(H�sOกก�ก
%ก�V AF  )�OQ���AQ���'(�N<A*�กE��P�(�V����ก�B  =�(��$(%ก<�H�กก���O�b�V])�%C�E��กa�bGQ���#�
P�(�V����ก�B (Schneider, 1989)  *��=$D��กXJ�;OC<)�ก�B])�*�ก��(�H�C$TA�C%ก$D�A%�'D)�ก�V
)IJ�;OC<  E����HH��GQ���=��_��CP�G<  =�(��$()�HH�C$ก��T��%T�'D)� �FVF��   ��กEGQ#�PQA�
����%A��=$DNQ��C�H�s^���HHIV���$(  ก��V�VAQ���กXJ�;OC<)�ก�B])�*�กC$ก��T��%T�'D)�%�<DC]^(�
E��N<�ENกEGกGQ��H�ก#�)�$G%�<DCC�ก]^(� �%�'D)��#�=Iก� �q  %��$�V%&C')�&C�I�])�_��CP�G<
��(�sOก=U����  b^D�&�%�GI])�TA�CN<��กG<])�&;��;OC<)�ก�B�$(  %P'D)ก��AQ�C$&�%�GIC�H�กก��
%�Q���������=���F��%=T*�*��$E��)IG&��ก��C)�Q��]��ก��TAVTIC  E�� �Fb^D�TA�C�)%�$��  
*��%m���)�Q���<D�ก��#PF�������=$D �FC�กH�ก%P'()%��<�!)&b<�  E��ก��E��&;��%P'()%��<�!)&
b<�#�F)�OQ#��O�])�������� !!"�, �������TA�C�F)� ��� %�t�GF�  �AC �s^�ก��G�� CF=U�������, 
ก��=U����=�����ก�_��CP�G<GQ���  �FA�%�GI�$(%)�  =U�#�F��<C�Jกa�bT��>V)� �))ก b�>#�P�(�
V����ก�B%�<DC&O�]^(�)�Q��C�ก%=Q�=A$TOJ  &Q�N�GQ)ก������])���<C�Jกa�b*)*b�#�P�(�
V����ก�B  b^D�%ก<�H�กก��%�<DC]^(�])�&��T�)*�!�O))*�T��>V)�  ��')&�� CFCs  H�ก
)IG&��ก��C  %ก<�%�t����ก�ก��J>=$D%�$�กAQ� ����ก�ก��J>%�')�ก��Hก� (greenhouse effect)   
=U�#�FV�<%AJ�'(�N<A*�กC$)IJ�;OC<=$D&O�]^(� (�<�����>, 2534) 
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 1.2  ก��%ก<�A<กcGก��J>*�ก�F)� 
 
        ���ก�ก��J>%�')�ก��Hกb^D�%�t�&�%�GI])�A<กcGก��J>*�ก�F)���(�  %�t�ก��VA�ก�� 
=��_��CP�G<=$Db�VbF)�  *��&<D�=$D%�t�G�AกU����)IJ�;OC<V��'(�N<A*�ก�)กH�ก�����Q��H�ก�A�
)�=<G�>E�FA  ���C$V����ก�Bb^D�C$TIJ&CV�G<�<%BX%�t�&QA�&U�T�R#�ก��TAVTIC)IJ�;OC<V��'(�N<A*�ก
�FA�  *��=$DV����ก�B T') )�ก�B=$D�Q)�IFC*�ก  ���ก)V�FA�&QA�N&C])�กa�b����P�<�  กa�b=$DC$)�OQ
%�t�&QA�#�RQ#�P�(�V����ก�B���ก)V�FA�กa�b 2 P�<� T') กa�b �*G�%H� (N2)  E��กa�b))กb<%H� 
(O2)  *��C$���C�J 78% E�� 21% G�C�U���V  =$D%��'))�OQ�F)��� 1 ��(�%�t�&QA�N&C])�กa�bGQ���  
)�=< กa�bT��>V)� �))ก b�>, กa�b)��>ก)� ��� %�t�GF� (ก�CA<P�ก��, 2541)   
 
 V����ก�B])�*�กC$])V%]G�Q��))ก �H�ก�'(�N<A*�ก�����F)�ก<*�%CG�  P�(�V����ก�B
P�(�E�ก=$D)�OQ#ก�F�'(�N<A*�กC�ก=$D&I� T') *=�*�&%!q��>  C$])V%]G])�TA�C&O����C�J 11.3 ก<*�%CG�  
P�(�=$D 2 %�$�กAQ� &G��>*G&%!q��>  C$])V%]G])�TA�C&O����C�J 48 ก<*�%CG�%��')�'(�N<A])�*�ก   
P�(�V����ก�BP�(��$(%�t�=$D�OFH�กก��%�t�)�Q���$  %�'D)�H�ก%�t�P�(�=$D%�t�=$D)�OQ])�กa�b*)*b�  *��กa�b
*)*b�H�=U���F�=$D�")�ก��&<D�C$P$A<GV�*�กH�ก)��G���=$DH� �F��VH�ก���&$)��%]FC]F�E���F)�E��H�ก
�A�)�=<G�>  &I�=F�� T') P�(�=$D 3 E��P�(�=$D 4 ])�P�(�V����ก�B  �FEกQ P�(�%C*b&%!q��>  E��P�(�%=)�>*C
%!q��>  b^D�C$])V%]G])�TA�C&O� T') 80 E�� 965 ก<*�%CG�H�ก�'(�*�ก G�C�U���V  �A�)�=<G�>��(�%�t�
E��Q��������=$D&U�T�R=$D&I�])�*�ก  *�� 99.97% ])��������=�(��C�V�*�ก  �FA�C$HI�กU�%�<�H�ก
�A�)�=<G�>  &QA�=$D%��') �FH�กTA�C�F)�])�Eก�ก���*�ก (Hare, 1989)  �������HU��A�C��B��=$DENQ
H�ก�A�)�=<G�>E��%�<�=��NQ��)Aก�BH�)�OQ#��O�])�T�'D�ECQ%���ก !!"�  b^D�C$TA�C��AT�'D�=$D
EGกGQ��ก��))ก ����ก����TA�C��AT�'D�  T�'D�ECQ%���ก !!"�b^D��A�)�=<G�>ENQ))กC�C$PQA�TA�C
��AT�'D�=$DกAF��C�ก  b^D�PQA�TA�C��AT�'D��$(C$)$กP'D)��̂D�AQ�EsV���&$ECQ%���ก !!"�  ����&I�])�EsV
���&$���ก�Q�A T') ���&$EกCC�b^D�C$TA�C��AT�'D�&�(�=$D&I�E������)$ก�F����̂D� T') T�'D�A<=�I  b^D�C$TA�C
��AT�'D���A=$D&I�  *��PQA����AQ��T�'D�=�(�&)�P�<��$(  H�C$���&$ECQ%���ก !!"�P�<�)'D�� b^D�C$TA�C��A
T�'D�%m���])�G�%)� %PQ� ���&$%)�กb>, ���&$)��G�� A*)%�G, ���&$)<�!��%��  E��E&�&AQ�� ��� %�t�GF�  
��<C�J�������=$DENQ))กC�H�กT�'D�ECQ%���ก !!"�H�E��NกN��ก�VTA�C��AT�'D�  ก�Q�AT')��กC$
TA�C��AT�'D�&�(�H�ENQ�������))กC�&O�กAQ�=$DC$TA�C��AT�'D�=$D��AกAQ�  *��%C'D)�������E&�)�=<G�>
&Q)�C�ก��=VV����ก�B])�*�ก  &QA�#�RQ])����&$EกCC�E�����&$%)�กb>H�sOก*C%�กI�])�กa�b=$D)�OQ
#�P�(�V����ก�B&G��>*G&%!q��>�O�ก�'� AF  E��&QA���̂D�H�sOกก�IQC%C�&�=F)�ก��V �&OQ)Aก�B  ���&$
)��G�� A*)%�GH�sOกP�(�])�กa�b*)*b��O�b�V AF%ก')V=�(��C� (ก�C*�����)IG&��ก��C, C��.)   
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 E&�&AQ��E�����&$)<�!��%��&QA�#�RQ=$DENQ))กC�H�ก�A�)�=<G�>H�&�C��sNQ�� 
P�(�V����ก�B��C�ก��=V�'(�N<A*�ก*�� CQsOก�O�ก�'���')&�=F)�ก��V  E��%C'D)Gกก��=V��
V��'(�N<A*�กE�FA  V��&QA�H�sOก�'(�N<A*�ก�O�ก�'�%)� AF  E��&OR%&$��������#�ก��Gกก��=V  
*���กG<E�FA�'(�N<A*�กH�%���กAQ��'(�N<A])��A�)�=<G�>C�ก  �FA�%�GI�$(T�'D��������=$DENQE��
&�=F)�))ก �H�ก�'(�N<A*�ก  Ĥ�C$TA�C��APQA�T�'D�C�กกAQ����&$=$DENQ))กC�H�ก�A�)�=<G�>  
%�'D)�H�ก&OR%&$��������#�ก��Gกก��=V  *��&QA�#�RQE�FA*�กH�&�=F)�����������&$))ก �
#��O�])����&$)<�!��%��b^D�C$TIJ&CV�G<%�t����&$TA�C�F)�  b^D�C$PQA�TA�C��AT�'D����C�J  
4 p 100 µm  ��กEGQ )�(U�#�V����ก�BH��O�ก�'����&$)<�!��%��=$D&�=F)�H�ก�'(�N<A*�ก=$DTA�C
��AT�'D����AQ�� 4 p 7 µm  ]J�=$Dกa�bT��>V)� �))ก b�>H��O�ก�'�PQA�TA�C��AT�'D����AQ��  
13 p 100 µm C$%�$��PQA�TA�C��AT�'D� 7 p 13 µm %=Q���(�=$D&�C��s&�=F)�E�FANQ��))ก&OQ)Aก�B
 �F (ก�CA<P�ก��, 2541)   
 
 s^�ECFAQ����&$V��&QA�H�&�=F)�H�ก�'(�N<A*�กก��V))ก&OQV����ก�BE��)Aก�B �F  EGQ���
C$)$ก&QA���̂D�=$D&�C��sก��V��&OQV����ก�BP�(��Q��E���'(�N<A*�ก �F)$กT��(�*��ก�IQCกa�b#�P�(�
V����ก�B  =U�#�F�'(�N<A*�ก���T�)V)IQ�ECFAQ�H�%�t�PQA�%A��ก���T'�=$D CQ �F��V�������H�ก�A�
)�=<G�>E�FAก�G�C  %�t�ก��TAVTIC)IJ�;OC<])�*�ก#�FT�=$DE��%�C��&CGQ)ก��%H�<R%G<V*G])�
&<D�C$P$A<G*��_��CP�G<  b^D�กa�b���ก�Q�A%�t�)�T>���ก)V])�P�(�V����ก�Bb^D��)C#�F���&$T�'D�&�(�NQ��
=��I �FE�����T��O�ก�'����&$T�'D���A=$D�'(�N<A*�ก&�=F)�))ก � �F�$  �AC%�$�กกa�b#�P�(�V����ก�B
%��Q��$(AQ� กa�b%�')�ก��Hก (greenhouse gases)  b^D�กa�b%��Q��$(%)�%ก<�]^(� �FG�C_��CP�G<E��N&C)�OQ#�
P�(�V����ก�B CQs^� 0.1% (HU���, 2544)   
 
 กa�b%�')�ก��Hก���ก)V�FA�กa�b����P�<�  �FEกQ T��>V)� �))ก b�> (CO2), 
C$%=� (CH4),  �G��&))ก b�> (N2O), T�)*�!�O))*�T��>V)� (CFCs), *)*b� (O3)  G�)�H�
กa�b)'D�� )$ก%��ก�F)�  ��')ECFEGQ����(U�]���%��ก  %ก����(U�E]��#�%C�  กa�b=�(��C�%��Q��$(H�C$
TIJ&CV�G<#�ก��%ก�Vก�กTA�C�F)�E���O�ก�'����&$T�'D���A �F�$  %��$�V%&C')�ENQ�ก��Hก=$D#PF=U�
%�')�ก��Hก&U����V��OกGF� CF%C')��F)�#�=$D=$DC$)�ก�B���A%��� (_���B>, 2540) 
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�����* 1  ���ก�ก��J>%�')�ก��Hก 
��*#�: IPCC (1994) 
 
 #���HHIV��  กa�b%�')�ก��HกC< �F%ก<�EGQ#�%�$��%m���#�_��CP�G<%�'D)#PF#�ก��
TAVTIC)IJ�;OC<])�*�ก#�F%�C��&CEGQ%�$��%=Q���(�  ��กEGQกa�b%�')�ก��HกHU��A�)$กC�กC��
C��B����(����%ก<�]^(�H�ก�(U�C')])�C�IX�>%���$D%)�  b^D�%ก<�H�กก<Hก��Cก��V�<*;TGQ���=$D �Fb^D�
TA�C�)%�$��  *��%m���ก��%N� �CF%P'()%��<�=$D%ก<�H�กก��=�VsCb�ก�'Pb�ก&�GA>��')!)&b<�  
=U�#�F��<C�JE��ก��ก��H��])�กa�b%�')�ก��HกE����))�#�P�(�V����ก�B%��$D��E���  E��
%&$�&C�I� �  *��=U�#�F%ก<�ก��%��$D��E���ก��&�=F)�ก��V  =U�#�Fก��&�=F)�ก��V])����&$=$DH�
))ก&OQ)Aก�B��(�   CQ&�C��s))ก&OQ�)ก)Aก�B �F��')))ก �F�F)���  %�t�%�GI#�F%ก<�ก��&�&C
])�กa�b%�')�ก��Hก#�P�(�V����ก�B=$D%�<DC]^(�C�ก%=Q�=A$TOJ  E��%ก<�ก��&�&C])�TA�C�F)�#�
V����ก�B  %�t�%�GI#�F%ก<�&;�A�*�ก�F)�E��A<กcGก��J>*�ก�F)�#�;������ 
 
 1.3  ��HH��=$D=U�#�F%ก<�A<กcGก��J>*�ก�F)� 
 
 ��HH��=$D=U�#�F%ก<�A<cGก��J>*�ก�F)�%ก<�]^(� �F������HH��  ��กEGQ��HH�����ก=$DกQ)#�F%ก<�
��<C�Jกa�b%�')�ก��Hก#�P�(�V����ก�BHU��A�C��B����(�  &QA�#�RQ�FA�H�%ก<�C�H�ก�(U�C')])�
C�IX�>=�(�&<(�  *�� �FC$ก��&�I���HH��#�RQ�=$D=U�#�F%ก<�A<กcGก��J>*�ก�F)� AF��� 3 ��HH�����GQ) ��$( 
(�<�����>, 2534) 
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 1.3.1  =cX�$=������B�&G�>  ก�Q�As^���กXJ�;OC<)�ก�B])�*�ก  C< �F%ก<�%m���ก��
 �F��V�������H�ก�A�)�=<G�>%=Q���(�  EGQ��<C�J�������H�ก�A�)�=<G�>=$D*�ก �F��V��(�  C$ก��N��
E��%��ก�F)�*��]^(�ก�Vก��*TH�])�*�กก�V�A�)�=<G�> %PQ� ก��E��N��])�Eก�*�ก, ก��E��N��
])�A�*TH�])�*�ก  E��ก��&Q��])�Eก�*�ก ��� %�t�GF� 
 
 1.3.2  ���ก�ก��J>%�')�ก��Hก (greenhouse effect)  H��AQ�%�t����ก�ก��J>=��_��CP�G<
)�Q����̂D�])�P�(�V����ก�B*�ก (atmosphere effect)  *��%�t����ก�ก��J>=$DP�(�V����ก�B])�*�ก  
%ก�Vก�กTA�C�F)�b^D�ENQ���&$))กC�H�ก�'(�N<A*�ก AFC<#�F))ก �H�ก��VV   ���ก�ก��J>%�')�ก��Hก
#�_��CP�G<��(�%��$�V%&C')�%�')�ก��Hก&U����V%���PU�GF� CF  %�$��EGQ#�%�')�ก��HกH�<�  %�t�ก��
ก�ก%ก�V%)�)�ก�B�F)�b^D�)�OQGDU�กAQ�����V%���� AF;��#�%�')�ก��Hก  *��_��CP�G<E�FA  &&��=IกP�<�
H�C$TA�C&�C��s#�ก���O�b�V�������#��O�])����&$TA�C�F)�  E��%��$D��%�t�TA�C�F)�;��#�b^D�
=U�#�F)IJ�;OC<])�&&����(��&O�]^(�  ����H�ก��(�H�C$ก��ENQก��H��TA�C�F)�  H�ก��(�H�C$ก��ENQ
ก��H���������))กH�ก&&��  *����<C�J�������=$DsOก�O�b�VE��ENQ))ก ���(�  H�E��%��$D�� �
G�C_��CP�G<])�&&����(��  �ACs^�TA�C��AT�'D�])�ก��ENQ���&$TA�C�F)�  &U����V#�P�(�V����ก�B
])�*�ก  H��AQ�C$TIJ&CV�G<#ก�F%T$��ก��  GQ)ก��%�t�A�GsI*���#&&U����VT�'D�ECQ%���ก !!"� 
(electromagnetic spectrum) =$DC$TA�C��AT�'D�&�(�  E��&�C��sC)�%��� �F  )�Q�� �ก�G�Cกa�b
T��>V)� �))ก b�>E�� )�(U�#�P�(�V����ก�BC$TA�C&�C��s#�ก���O�b�V���&$)<�!��%�� AF �F
%PQ�ก��  =�(��$(*��%m�$D�E�FA���C�JT�̂D���̂D�])�ก��ENQ���&$TA�C�F)�H�ก�A�)�=<G�>  b^D�&Q�C����*�ก
H�sOก&Q�NQ��P�(�V����ก�B*�กE��sOกb�V*���'(�N<A*�กE��N<A�(U�  =U�#�F�'(�N<A%��Q��$(C$)IJ�;OC<
&O�]^(�E�������Q)��������))กC�#��O����&$)<�!��%��  b^D�C$TIJ&CV�G<%�t����&$TA�C�F)�  กa�b
%�')�ก��Hก#�P�(�V����ก�BH��O�b�V���&$%��Q��$( AF%�t�HU��A�C�ก  )��%�t�N�#�FP�(�V����ก�B*�กC$
)IJ�;OC<&O�]^(�E��C$ก�������Q)����&$)<�!��%��b(U�))กC� (reradiation)  *�����&$)<�!��%��=$D��Q)�
b(U�))กC�H�กP�(�V����ก�B*�ก��(�  H�&Q)�ก��=VN<A*�ก*��G��%�$�กAQ� counter radiation  b^D����&$#�
&QA��$(  %�t�G�Aก��#�RQ=$D=U�#�F*�กC$)IJ�;OC<&O�]^(�  ��')=$D%�$�กAQ�%ก<����ก�ก��J>%�')�ก��Hก]^(�
��D�%)�  *��=�DA �E�FA  *�กE��P�(�V����ก�BH�C$ก��E�ก%��$D�����&$)<�!��%��ก��)�OQG�)�%A��  ก��
E�ก%��$D�����ก�Q�AC$N�=U�#�F)IJ�;OC<])�)�ก�B&O�]^(�กAQ�=$DTA�H�%�t�  *��TA�CEGกGQ��])�
)IJ�;OC<���AQ���'(�N<A*�กE��P�(�V����ก�B  )�HH�&O�s^� 40°C H�กก��T��ก��J>AQ���ก*�ก���T�#PF
%P'()%��<�!)&b<�#�)�G��=$D%�t�)�OQ#���HHIV���$(  H�=U�#�Fกa�bT��>V)� �))ก b�>%�<DC]^(�%�t� 2 %=Q�])�
��<C�J=$DC$)�OQ#�V����ก�B��HHIV���FA�%A�� 60 �q%=Q���(�  b^D�=U�#�F)IJ�;OC<%m�$D�])�*�ก&O�]^(�
���C�J)$ก 1.5 p 4.5°C 
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 1.3.3  ก������])�*)*b�#�P�(�V����ก�B (ozone depletion)  *)*b�%�t�
)�T>���ก)V��̂D�=$D&U�T�R])�P�(�V����ก�B])�*�ก  ECF*)*b�H�C$)�OQ#���<C�J�F)�%C'D)
%��$�V%=$�Vก�V��<C�J])�กa�b)'D��=$D%�t�)�T>���ก)V#�P�(�V����ก�B  TIJ&CV�G<=��!�&<ก&>=$D
&U�T�R])�*)*b���(�  T') &�C��s�O�b�V���&$H�ก�A�)�=<G�>V��PQA�])�TA�C��AT�'D� �F  b^D�GQ��
H�กกa�b))กb<%H�b^D�H��)C#�FE&�&AQ��, ���&$)<�!��%��  E�����&$)��G�� A*)%�GNQ�� �F  EGQกa�b
))กb<%H����(�H��O�b�V���&$=$DC$TA�C��AT�'D�&�(�C�ก� T') �F)�กAQ� 240 nm  *��*)*b�&�C��s
�O�b�V���&$ �F 3 PQA�TA�C��AT�'D�  �FEกQ  ���&$)��G�� A*)%�G (TA�C��AT�'D����AQ�� 220 p 330 
nm  b^D�%�t�GF�%�GI=$D=U�#�FV����ก�B#�P�(�&G��>*G&%!q��>C$)IJ�;OC<&O�  =�(��$( 97% ])�*)*b��V
#�V����ก�BP�(��$(), E&�&AQ��  ��') visible light (�O�b�V#�PQA�E&�&$%��')�E��&$%]$�A �F
V��&QA�)  E�����&$)<�!��%�� (*��%m���=$DTA�C��AT�'D� 9,500 nm)  *)*b�&�C��s%ก<�E��
&���G�A �F%)�G�C_��CP�G<  ��กEGQ#���HHIV��  )�G��ก��&���G�A])�*)*b���(�%�<DC&O�]^(�H�ก 
=$D%T�  b^D�&�%�GI���กก�T')%ก<�H�กก��=U����])�กa�bGQ���=$DC�IX�>กQ)#�F%ก<�]^(�  %PQ� &��T�)�$�
))ก b�>%ก<�H�กT�)*�!�O))*�T��>V)� (chlorofluorocabons; CFCs) %PQ� !�$))�-11 (CCl3F), 
!�$))�-12 (CCl2F2)  b^D�%�t�&��N��ก���#�ก����)�&%���>  E��&��=U�TA�C%���#�GOF%���, 
%T�'D)����V)�ก�B  E��&��T��>V)�%GG��T�) ��> (carbon tetrachloride) ��� %�t�GF�  กa�b
%��Q��$(%C'D)%]F�&OQV����ก�BV�<%AJ#ก�F�'(�N<A*�กE�FA  #�)�OQ#��O�])� HCl E�� NaCl  EGQ)�Q�� �ก�
G�CH�C$V��&QA�=$D&�C��s��I�%]F�&OQV����ก�BP�(�&O� �F  G�Cก��%T�'D)�=$D])�)�ก�B  *)*b�
&�C��ssOก=U���� �F����A<_$  *��ก��VA�ก��=$D&U�T�R=$D&I� T') ก��VA�ก��=$DC$)�G)C])�
T�)�$�,  �G�<ก))ก b�>,  �*��%H�))ก b�>, *V�C$�  E�� �*��%H�%�t�G�A%�Q���<ก<�<�� 
(catalyst)  N�])���<ก<�<��=$D=U�ก�V*)*b�  H�#�F)�G)C])�T�)�$�,  �G�<ก))ก b�>,  �*��%H�
))ก b�>, *V�C$�  E�� �*��%H�  ))กC�E��%�<DCGF���<ก<�<��#�CQ%�t�A�H�GQ) � 
 
  =�(��$(H�ก 3 ��HH�����ก�Q�A  �VAQ���HH��=$D&U�T�R)��&Q�N�#�F%ก<�A<กcGก��J>*�ก�F)� 
T') ���ก�ก��J>%�')�ก��Hก  =�(��$(%�'D)�H�กC$ก��B^กX�s^�]F)CO��F)����� �#�)�$G  ]F)CO�=$D%ก�V �F#�
��HHIV��  �ACs^�ก��&�F��EVVHU��)�%�'D)T��ก��J>#�)��TGAQ�  ก��=$DP�(�V����ก�B*�กC$)IJ�;OC<=$D
&O�]^(���(�  C$TA�C&�C���_>%ก$D�A]F)�ก�Vก��%�<DC]^(�])���<C�Jกa�b%�')�ก��Hก)�Q��#ก�FP<�  �)กH�ก�$(
���C$��HH��)'D�%&�<C T') %ก<����ก�ก��J>����])�P�(�*)*b�  &U����V=cX�$=������B�&G�>��(���� CQC$
]F)CO��'����AQ�C$TA�CsOกGF)�C�ก%�$��#�  Ĥ�)�Hก�Q�A*��&�I� �FAQ���HHIV��A<กcGก��J>*�ก�F)�=$D
%ก<�]^(���(�C$&�%�GIC�H�ก���ก�ก��J>%�')�ก��Hก  b^D�%�t�N�GQ)%�'D)�H�กก��%�<DC��<C�J])�กa�b
%�')�ก��HกP�<�GQ���  *��C$���ก�ก��J>����])�P�(�*)*b�%�t���HH��%&�<C 
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 1.4  N�ก��=V=$DT��AQ�H�%ก<�]^(�H�กA<กcGก��J>*�ก�F)� 
 
 C$ก��T��ก��J>ก��AQ�  ��ก*�ก���T�C$ก��#PF%P'()%��<�!)&b<�#�)�G��=$D#PF)�OQ#�
��HHIV���$(  ;��#�����%A�� 60 �q  กa�bT��>V)� �))ก b�>H�%�<DC��<C�J]^(� 2 %=Q�])���<C�J=$DC$
)�OQ#�P�(�V����ก�B#���HHIV��  =U�#�F)IJ�;OC<%m�$D�])�*�ก&O�]^(�)$ก 1.5 p 4.5°C &Q�N�#�F%ก<�ก��
%��$D��E���GQ���V�*�ก)�Q��กAF��]A��=�(�=���F��ก��;��  %B�Xhก<HE��&��TC  *��N�ก��=V
=$DT��AQ�H�%ก<�]^(�����$(  
  
 1.4.1  ����V�(U�=�%�&O�]^(�  #�PQA�T�<&G>BGA��X=$DNQ��C�  ����V�(U�=�%�&O�]^(�
���C�J 8 p 12 %b�G<%CG�  b^D�%�t�=$D%P'D)s')ก��AQ�����V�(U�=�%�=$D&O�]^(�  %ก$D�A]F)�ก�V)�G��ก��
%�<DC]^(�])�กa�bT��>V)� �))ก b�>#�P�(�V����ก�B  ��VG�(�EGQก���T�<&G>BGA��X=$D 18 %�t�GF�
C�  =�(��$(��ก)IJ�;OC<%�<DC]^(�%�t� 1.5 p 4.5°C E�FA  T��AQ�����V�(U�=�%�)�HH�&O�]^(�)$ก 40 p 120 
%b�G<%CG�  =�(��$(%�t�%�����(U�=�%�C$ก��]���G�A  E���(U�E]��EsV]�(A*�ก�����  E����ก�(U�E]��
#�ก�$�E���>E��]�(A*�ก#GF������C�  ����V�(U�=�%�)�H%�<DCs^� 3 %CG�  *��ก��%��$D��E����$(
 CQ)�HP$(P�� �FAQ�%ก<�]^(� J =$D#���'))�Q�� �  EGQก����(�C$]F)&��%กGAQ�#����AQ��A<A����ก��])�
*�ก  �(U�=�%�%T�]^(���%ก<�กAQ� 100 %CG�C�E�FA 
 
 1.4.2  N�ก��=VGQ);OC<)�ก�B  #�T�V&CI=�E�b<!�กE��%)%P$���(�  ;OC<)�ก�B �F��V
)<=_<��H�ก���I#GF�I����') b*T��E��%)��<*� (El-nino)  b^D�%�t���VVก��%��$D��E���)IJ�;OC<#�
�Q��E�b<!�ก  ��HHIV��ก��T��T�%�N�=$DH�%ก<�]^(�GQ)���I#��Q��GQ������ CQP��%H�  EGQ%�t�=$D�Q�&��%กG
AQ����I b*T��EsVV�<%AJC��&CI=�E�b<!�ก#GF��(�  %ก<�VQ)�T��(�]^(�H�ก#�)�$G  ก�Q�AT') H�กHU��A�
%m�$D�=$D%ก<�]^(� 3.1 T��(�GQ)=BA��X#��q T.B. 1940  %�<DC%�t� 15 T��(�#��q T.B. 1980  EGQ#�=��G��ก��
]F�C��กV����ก�BEsV]�(A*�ก#GF�F)�]^(�  TA�CEGกGQ�����AQ��)IJ�;OC<=$DV�<%AJ%&F�BO��>&OG�E�� 
]�(A*�ก�Q)C���F)���  E��&Q�N�GQ);OC<)�ก�B#�����V*�ก %PQ� �CE���� %�t�GF� 
 
 1.4.3  N�ก��=VGQ)E��Q��(U�  �)กH�กE��Q��(U�H'�GQ���H� �F��VN�ก��=VH�ก�(U�=�%�
��I�E�FA���%ก<�TA�C%��$D��E���])�E��Q��(U�GQ����FA�  ก�Q�AT'))�H%ก<�TA�CE�F�E�F�#�V��V�<%AJ  
E��%ก<�E��Q��(U�#�CQ#�V��=$D  )�Q�� �ก�G�CsF�C$กa�bT��>V)� �))ก b�>#�V����ก�BC�ก]^(�   
�'P)�H%�Q�)�G��ก��&��%T����>E&�Ĥ�GF)�ก���(U�%�<DC]^(�  �)กH�ก�$(���C$ก��T��AQ���<C�J�(U���H�
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%�<DC]^(�)$ก 7 p 15%  =�(�*�ก  ��ก)IJ�;OC<%�<DC]^(� 1.5 p 4.5°C  EGQ#�)�G�����ก�Q�A�$(  C< �Fก��H�� �
)�Q��=�DAs^�=IกE�Q� 
 
 1.4.4  N�ก��=VGQ)ก��%กXG�ก��C  ก��%��$D��E���)IJ�;OC<�$()�H&Q�N�GQ)�'P 
#�E�Q=$D CQ&�C��s���VG�A �F=��  &Q�N�#�F%กXG�ก�)�HGF)����'P���_I>#�CQ  b^D�%�C��&Cก�V
&;��;OC<)�ก�B=$D%��$D��E��� �  �����(�ก�����V%��$D�����_I>�'P�Q)C&Q�N�ก��=VGQ)ก��A��EN�  
N�N�<G  ก��]�&Q�  ก��G���  E��กQ)#�F%ก<�N�ก��=V=��&��TCE��ก��%C')�TAVTOQก�� ��FA�  
�)กH�ก�$(&<D�C$P$A<G=�(��'PE��&�GA>  =$D CQ&�C��s=�GQ)&;�A�TA�C%��$D��E���%��Q��$()�HH�&OR
���_I> �F  *��%m���#�V�<%AJ#�V�<%AJ=$D�F)C�F)C�FA�=�%���')C��&CI=� %PQ� �<Ab$E���>, 
))&%G�%�$�  E��ก�$�E���> %�t�GF�  #�]J�%�$�Aก����VV�<%AB�>b^D���A�E��)�HC$N�GQ)G�A�(U�, 
G�A%V$��  E��*�TGQ��� 
 
 1.4.5  N�ก��=VGQ)E��Q��������  ก��%กXG�ก��CE����VV�<%AB�>%�t�E��Q�
�������=$D&U�T�R  &U����Vก�IQCP�b^D�)�B���'P%�t��'(�h��#�ก���U���P$A<GE���Q)C �F��VN�ก��=V
)�Q��P��%H�  =�(��$(ก��]I�%H���(U�C��#�=�%�E��C��&CI=���(�  ]^(�)�OQก�V&;��=��;OC<)�ก�B
*��%m���)�Q���<D�TA�CE����A�])����I��GQ���  ���%PQ�ก�J$A�G;��&Q�N�GQ)%�')]I�%H���(U�C��
#�)Q�A =�  %C'D)�����q �.B.2532  )�̂D�%�t�=$D�Q�&��%กGAQ�ก��N�<G !!"��FA���������(U�  �<A%T�$��>
��')�C��(�  ก�)�OQ#�]Q��b^D�)�H �F��VN�ก��=VH�กTA�CE����A�])�;OC<)�ก�BC�กกAQ�ก��N�<G
 !!"��FA�A<_$ก��)'D� 
 
 1.4.6  N�ก��=VGQ)&I];��)��C��  C�IX�>�Q)C �F��VN�ก��=V*��G��H�ก&;�A�C��<X  
b^D�%�t�GF�%�GI])�ก��=$D)IJ�;OC<])�*�ก%�<DC]^(�  �)กH�ก�$(%P'()%��<�E���(U�b^D�)�H����<C�J�� �  
�Q)CH�C$N�GQ)&I];��)��C��#�=���V  �)กH�ก�$(���กQ)#�F%ก<�TA�Cก����GQ)&I];��E��ก��
%�'D)�H�ก;OC<)�ก�BE��%P'()*�T  G�)�H�ก��)���*�ก�F��s<D�=$D)�OQก�%�t�N�ก��=V)$ก���ก����̂D� 
b^D� CQTA�C)�]F�C  �)กH�ก�$(A<กcGก��J>*�ก�F)�=U�#�F%ก<�)�G��ก��%�t�C�%����)�%�<DC&O�]^(�   
)��%�'D)�C�H�กก��&O��Cกa�b%��)� (radon) b^D�%ก<�%�<DC&O�]^(���ก%ก<�A<กcGก��J>*�ก�F)�  *��H�%ก<�
%�t�;�A�กa�b=$D%ก<�]^(�#��'(��<�E=�กNQ���)��F�A])�Ĝก, )�T��  E��VF��%�')�=$D��Oก)�B��G<�ก�V
�'(��<�  ��ก%=$�V)�G��&QA�ก�VVF��%�')�#�&C��กQ)�=$D�<�C��Oก&�F��#���กXJ��ก�'(�&O�  �����(�NOFT�
&C��กQ)�Ĥ�C$TA�C%&$D��GDU�#�ก��%�t�C�%����)�  %�t�=$D�Q�A<Gก)�Q���<D�AQ���HHIV��C$NOF%�t�C�%����)�
%�<DC]^(�)$กA���� 5 ��� (&CP��, 2551)  E���)ก%��')H�กC�%����)�E�FA���C$ก����V��])�*�TG<�GQ)
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H�กA<กcGก��J>*�ก�F)�  *��%m���*�T=$D%ก<�H�ก�I�%�t����� %PQ�  ]F%�')�))ก, C���%�$�  �AC=�(�*�T
H�ก)����E���(U� %PQ� )�<A�Gก*�T,  =!)��>, V<�  E��)����%�t��<X ��� %�t�GF�  �)กH�ก�$(&;��
)�ก�B=$D�F)�P'(����&Q�N�#�FEVT=$%�$�#�)�ก�BC$E�A*�FC%�<DCHU��A�&O�]^(�กAQ��กG<  E��C$*)ก�&#�
ก��E��Q��V��&O�  #�)��TG)��#ก�FC$TA�C%�t� � �FAQ�*�T%��Q��$(��ก CQ�$V��กX��FA�����<P$A��  
)�HC$*)ก�&%&$�P$A<G �F&O�กAQ� 60% ก��E��Q��V��])�*�T%]G�F)�  =U�#�F%ก<�TA�CPIก%�<DC]^(�#�
���%=B  E��E��Q��V��))ก �������%=B=$D)�OQ=��%��')]^(� �=$D CQ%T�C$���A�G<ก����V��])�*�T 
C�กQ)�  =�(��$(%�'D)�C�H�กก��%��$D��E���=���<%ABA<=��])������U�*�T %PQ� *�TC���%�$�,  
*�T ]F%�')�))ก%��ก$, *�T&C)�)�ก%&V  E��G<�%P'())��>V) A��& %�t�GF� (_A�P, 2551)    
 
 1.5  V=&�I�A<กcGก��J>*�ก�F)�#���HHIV�� 
 
 A<กcGก��J>*�ก�F)�C<#PQ%�t�%�$����R��&<D�EA��F)C#�����V;OC<;�T%�C')�EGQ#�)�$G  
��กEGQ%�t�s^���R��#�����V*�ก=$D=IกT�GF)��QACก��EกF ]  )$ก=�(����%�t�A�����̂D�#�ก�����PIC
%)%�T (APEC) ก������ �.B.2550  ���%=B))&%G�%�$�  E���Q�&I�ก�����PIC��h;�T$)�I&�RR�
&����P�P�G<AQ��FA�ก��%��$D��E���&;��;OC<)�ก�B  �ACs^�ก�����PIC��h;�T$�<_$&��%ก$�A*G  
b^D�%�t�ก���<H��J�&�_<&�RR�%ก$�A*G#�CQ=$DกU����H��C�A�����#�)$ก 5 �q]F����F� J %ก��V���$ 
���%=B)<�*��$%b$�  %C'D)�cBH<ก��� �.B.2550 =$DNQ��C�  ��R��&<D�EA��F)CE��ก��%��$D��E���
&;��;OC<)�ก�BGQ���   CQAQ�H�%�t�c�O���A=$DC�%�')�T�ก�I�%=�%�$�� 2-3 A��  ��'))�ก�B���AH��
=$Ds�QC&���h)%C�<ก��FA����I�(U�E]��E���<C�  ��=$DGกก����DU�H��������%=BGF)�%NP<Rก�V;�A�
�(U�=QAC)�Q���I�E��  )��=$DH�<�E�FAกQ)���F�=$D=�DA*�กH�%NP<Rก�V&;��)�ก�B=$DE����A�)�Q��%���
 �FP��)�Q��#�=IกA���$(  ก�IQCVITT�E����QA����GQ���=$DG�����กs^�TA�C%��$D��E���=$DกU����
%ก<�]^(�   �FC$TA�C�����C=$DH���C�G�ก��#�ก����N�ก��=V=$D%ก<�]^(�#�F%V�V����  *��%m���
)�Q���<D�ก������C#��<_$&��%ก$�A*G (Kyoto protocol)  C�G�ก��=��ก��C��=$D#PF�U�%�<�ก��
%�'D)#�FV���I%�"��C��#�ก����VC')ก�VA<กcGก��J>*�ก�F)�  EGQ%�t�=$D�Q�&��%กGAQ����%=B=$DC$)�G��
ก����Q)�กa�b%�')�ก��HกC�ก=$D&I�)�Q��&���h)%C�<ก���� CQC$ก������C%�'D)�QAC#�F&�G��V��#�
ก���QACก����ก����Q)�กa�b%�')�ก��Hก  b^D�%ก<�H�ก�(U�C')])��Aก%���$D%)� ()_<P�, 2550) 
 
 V���$ *��ECa� (Bali roadmap) ��') ก�����PIC��h;�T$)�I&�RR�&����P�P�G<AQ�
�FA�ก��%��$D��E���&;��;OC<)�ก�B  E��ก�����PIC]F)Gก��T��(����A�G<B�&G�>AQ��FA�ก��
%��$D��E���;OC<)�ก�B*�ก])�)�T>ก��&����P�P�G< (United Nations Framework Convention on 
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Climate Change; UNFCCC)  H�%�t�ก�)VE�Q�ก��%H�H�T��(�#�RQ�  )$ก����T��(�GQ) �  &U����V
ก��H��G�(��<_$&��mV�V#�CQGQ)%�'D)�H�ก�<_$&��%ก$�A*G  *��C$%�'()�����ก� *��#�F����<C�Jก��
��Q)�กa�b%�')�ก��Hก P�<� ���#���<C�J&O��  %�'D)�")�ก��N�ก��=V=$D%�t�;��GQ)&;��;OC<)�ก�B  
*��GF)��� 25-40% %=$�V%=Q�H�ก=$D%T���Q)�#��q T.B.1990  �)กH�ก�$(���C$%�"��C����VI#�F)�G��
ก�������Q)�กa�b%�')�ก��Hก))ก&OQP�(�V����ก�B  *��GF)�=U�#�F)IJ�;OC<%m�$D�])�*�ก%�<DC CQ
%ก<� 2°C #��q T.B.2050 (]Q�A&�, 2550) 
 
 �)กH�ก��QA����GQ���  =$D�QACก��G�����กs^�A<กcGก��J>*�ก�F)�E�FA  ���C$VITT�
b^D�%�t�Eก��U�#�ก��%N�E��Q  E���J��T>#�F�Aก%��=IกT� �FG�����กs^�TA�C�F��E��])�
A<กcGก��J>*�ก�F)�  )�$G�)����_���_<V�$&���h)%C�<ก�  )��  ก)�> (Al Gore)  H� �F��V���A��
*�%V� (Nobel prizes) &�]�&��G<;��  ���HU��q T.B.2007 #�h���NOFG<�G�CE��%N�E��Q��R��ก��
%��$D��E���])�_��CP�G<H�กA<กcGก��J>*�ก�F)�C�%�t�%A�����  *��H�C$A<_$ก���J��T>#�
�O�EVVGQ���   CQAQ�H�=U�%�t�;����G�>&��T�$��')���ก��*=�=�B�>E������&')  ))กm��E��
A��G�����F)C�ก��#�P'D)  TA�CH�<�=$D CQC$#T�)��ก!�� (An Inconvenient Truth) 
 
2.  กU�V�����ก��.ก (greenhouse gases) 

 
 2.1  V=�U� 
 
 %�t�=$D=��V*��=�DA �E�FAAQ�#�P�(�V����ก�B])�*�ก%��  ���ก)V�FA�กa�b
 �*G�%H�%�t�&QA�#�RQ  ���C�J 75 p 78%  �)���C�T')))กb<%H�  ���C�J 20 p 21%  EGQ
N�ก��=V])����ก�ก��J>*�ก�F)�])�กa�b=�(� 2 P�<��$(C$�F)�C�ก  %C'D)%=$�Vก�V��<C�J&��&QA�
=$DC$)�OQ#�P�(�V����ก�BE�FA  b^D����C$กa�b%�')�ก��HกP�<�)'D�=$D&U�T�RE���O�b�VTA�C�F)�#�P�(�
V����ก�B  b^D�%�t�GF�%�GI])�A<กcGก��J>*�ก�F)�  �AC=�(�N�ก��=V=$D�F��E��GQ��� C�กC��=$D
กU����%ก<�]^(�ก�V*�ก])�%��#�]J��$( (A<WO��>, 2538) 
 
 2.2  P�<�])�กa�b%�')�ก��Hก 
 
 2.2.1  กa�bT��>V)� �))ก b�> (carbondioxide; CO2) 
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     กa�bT��>V)� �))ก b�>  %�t�กa�b%�')�ก��Hก=$D&U�T�RC�ก=$D&I�=$D%ก<�H�กก<Hก��C
ก��V�<*;T=�����ก�)�Q�� �Fb^D�TA�C�)%�$��])�C�IX�>  กa�bT��>V)� �))ก b�>C$TA�C���E�Q� 
GDU�C�ก  %�$�� 0.03%  EGQกa�b�$(ก��VC$V=V�=&U�T�R#���VVP$A;��  *��%C'D)�'P��')&�GA>G��E�� 
%�Q � %��� )� �  T��>V)�#��O�GQ ���=$D &�&C#��'PE��&�GA> H�sOก�����Q)�))กC�#��O
T��>V)� �))ก b�>  #�=U��)�%�$�Aก��ก��%N� �CF��')ก��%N�%P'()%��<�!)&b<�P�<�GQ���   
H������Q)�T��>V)� �))ก b�>HU��A�C��B��))ก&OQV����ก�B%�<DC]^(� �F)$ก=����̂D�  �<�G�C
_��CP�G<C$T��>V)� �))ก b�>C�กs^� 50% ])��(U����กE�F�  �AC=�(�&��)<�=�$�>=$DกU����%�Q�%���)�NI���
E��&���G�A  �����(�%C'D)C$ก�� sQ��<ก��F��<�T��>V)�HU��A���̂D�ก�H�&�C��s��Q)�))ก&OQP�(�
V����ก�B#��O�])�กa�bT��>V)� �))ก b�> �F  #�PQA�����=BA��X=$DNQ��C� �FC$ก��G<�G�CE��
G�AHA��กa�bT��>V)� �))ก b�>)�Q��GQ)%�'D)�  =Iก�q#�PQA�])�c�O#V CFN�<#����%=B%]G���AE��
%]G)V)IQ� %PQ� ���%=B#�EsV�I*��, )%C�<ก�%��')  E��%)%P$�%��') ��� %�t�GF�  TA�C%]FC]F�])�กa�b
T��>V)� �))ก b�>#�P�(�V����ก�BH�����  %�'D)�H�กกa�bT��>V)� �))ก b�>%��Q��$(H�sOก�O�b�V
*���'P=$DกU����%H�<R%G<V*GE��N�<#V  EGQ%C'D)s^�c�O#V CF�QA�E�����A  %C'D)#V CF�QA���NI���E��
&���G�A  H�=U�#�F��<C�Jกa�bT��>V)� �))ก b�>%�<DC��<C�JE��%�<DCTA�C%]FC]F�]^(�  )�Q�� �ก��$#�
G�)�PQA�%A��=$DNQ��C���(�  TA�C%]FC]F�])�กa�bT��>V)� �))ก b�>C$E�A*�FC=$D%�<DC]^(�)�Q��P��%H�  
ก�Q�AT')%�<DC]^(�H�กTA�C%]FC]F�%m�$D� 315 ppm  #��q T.B.1957  %�t� 350 ppm  #��qT.B.1988  *��$)�G��
#�ก��%�<DC%m�$D� 0.3% GQ)�q  �)กH�ก�$(G�(�EGQPQA�%�<DCGF�])�ก����<A�G<)IG&��ก��C#��q T.B.1750  
E&��#�Fs^�����VTA�C%]FC]F�])�กa�bT��>V)� �))ก b�>#���HHIV��  b^D�&O�กAQ�����VกQ)�ก����<A�G<
)IG&��ก��Cs^� 25%  C$ก�����C�Jก��AQ�  C$T��>V)� �))ก b�>#�P�(�V����ก�B])�*�ก&O�s^� 735 
����F��G��  b^D�#�%�'D)� ]�กG<E�FA  GF� CF&�C��s�O�b�VT��>V)� �))ก b�> �F���C�J 100 ����F��
G��/�q  E�������Q)�T��>V)� �))ก b�>C�#���<C�J=$D#ก�F%T$��ก��  *��NQ��ก��VA�ก�����#HE��
&��%T����>E&�  �AC �s^�ก��VA�ก���C�ก#�ก��NI���%�Q�%���)�])�b�ก�'P  ก�� ��%A$��])�T��>V)�
)$ก��A 100 ����F��G��%ก<�]^(�#�C��&CI=�  *��T�̂D���̂D�])�T��>V)� �))ก b�>=$D ��%A$����(�   
H�sOก�O�b�V*��&<D�C$P$A<G=�(�����#�C��&CI=�  E��)$ก&QA���̂D�H�sOก�O�b�V*��ก��VA�ก��=��%TC$
E��!�&<ก&>  C�IX�>%)�C$V=V�=&U�T�R)�Q���<D��A�  #�ก��%�<DC��<C�Jกa�bT��>V)� �))ก b�>#�P�(�
V����ก�B  *��%m���ก��%N� �CF%P'()%��<�!)&b<� %PQ� �(U�C��, กa�b_��CP�G<  E��sQ���<�  E���FA�
ก<Hก��C%��Q��$(%)� �F%�<DC��<C�JT��>V)� �))ก b�>#�P�(�V����ก�B���C�J 5 ����F��G��/�q   
ก��=U������� CFE��ก��=U�%กXG���J<P�>ก�C$N�=U�#�F��<C�JT��>V)� �))ก b�>%�<DC]^(� �F%PQ�ก��   
ECFH���� CQC$ก��A<%T����>s^���<C�J=$DP��%H�  EGQT��AQ���<C�J=$D%�<DCH�ก&�%�GI���ก�Q�AC$���C�J 1 p 2 
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����F��G��/�q  Ĥ�)�Hก�Q�A �FAQ�ก<Hก��C])�C�IX�>%�<DC��<C�JT��>V)� �))ก b�>#�P�(�V����ก�B
��A  6 p 7  ����F��G��/�q 
 
 2.2.2  กa�bC$%=� (methane; CH4) 
 
 กa�bC$%=�  %�t�กa�b%�')�ก��Hก=$D&QA�#�RQH�C$E��Q�กU�%�<�H�ก#�_��CP�G<  
*��%ก<�]^(�#�ก��VA�ก���Q)�&���])�&��)<�=�$�>])�EVT=$%�$�  กa�bC$%=�C$TIJ&CV�G<T')   
%N� �CF �F�Q��  E��&�C��s��Q)�กa�bT��>V)� �))ก b�>))กC�%C'D)%N� �CF �F  กa�bC$%=�%�t�
)�T>���ก)V])�กa�b_��CP�G<  H�&�C��s�Vกa�bC$%=���<C�JC�ก#�E��Q�%�$�Aก��ก�V�(U�C��
E��กa�b_��CP�G<#GF�'(�N<A*�ก  �AC=�(�%�C')�sQ���<�GQ���  กa�bC$%=�#�%�C')�E�Q)�HกQ)#�F%ก<�
)��G��� �F�Q��  %�'D)�H�กกa�bC$%=�%C'D)N&Cก�V)�ก�BE��C$���ก�� !E�FA  )�HกQ)#�F%ก<�ก��
��%V<� �F�Q��  )IV�G<%�GI#�%�C')�sQ���<�����T��(�ก�%ก<�]^(�H�ก��HH���$(  ��')ECFEGQก��%N� �CF%�'D)
=U�sQ�� CF  ก�&�C��s��Q)�กa�bC$%=�))กC� �F%PQ�ก��  ��HHIV��TA�C%]FC]F�])�กa�bC$%=�#�P�(�
V����ก�B)�OQ#�����V 1.7 ppm  b^D�%�t�����V=$D&O�กAQ�����V%C'D) 300 �qกQ)�s^� 2.5 %=Q�  #�
=BA��X=$DNQ��C�กa�bC$%=�#�P�(�V����ก�B%�<DC]^(�#�)�G��%ก')V 1% GQ)�q  s^�ECFAQ�กa�bC$%=� 
H�&���G�A �F�Q��  EGQก�C$TA�CT�=��)TA� T') C$)��I%m�$D����s^� 10 �q 
 
 2.2.3  กa�b �G��&))ก b�> (nitrous oxide; N2O) 
 
  �G��&))ก b�>  %�t�กa�b=$D%ก<�]^(�%)� �FG�C_��CP�G<)$กP�<���̂D�])�กa�b
%�')�ก��Hก  กa�b �G��&))ก b�>�<�C#PF%�t���&�V)�Q��)Q)�  ��')#PF#�ก������VTA�C%H�V�A�  
 �G��&))ก b�>%ก<�]^(�H�กก<Hก��C])�HI�<�=�$�>#��<�, ก��#PF�I�� �*G�%H�#�%กXG�ก��C  
G�)�=�(�ก��%N�%P'()%��<�!)&b<�ก�&�C��s��Q)� �G��&))ก b�> �F#�HU��A���̂D�  ��<C�J 
 �G��&))ก b�>#�P�(�V����ก�B��(�C$��<C�J=$DTQ)�]F���F)�  ��QA�=$D#PFA����<C�JĤ��<�C%�t� 
ppb  ��กEGQ �G��&))ก b�>H�C$)�OQ#�P�(�V����ก�BTQ)�]F���F)�ก�G�C  EGQ%�t�=$D�Q�&��%กGAQ�กa�b
%�')�ก��HกP�<��$(��(�C$)�G��=$D%�<DCH�ก#�)�$G  ก�Q�AT')��<C�JTA�C%]FC]F�])�กa�b �G��&
))ก b�>#�P�(�V����ก�BC$)�OQ��A 310 ppb  *��C$)�G��%�<DC 0.25% GQ)�q  ��กXJ�&U�T�R])� �
G��&))ก b�>T')&�C��sT�)�OQ#�P�(�V����ก�B �F���C�ก  ��ก%��Q� �G��&))ก b�>%�<C���T�)�OQ
#�P�(�V����ก�BE�FA   �G��&))ก b�>#�CQ=$D%ก<�]^(�#�)�G�����ก�Q�A]F��GF�%ก<�]^(�)�OQ%�'D)��  ก�H�
&�C��s=U�#�F �G��&))ก b�>%�<DC��<C�JTA�C%]FC]F� �FC�ก%=Q�=A$TOJ  *��=$D �G��&))ก b�>
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��̂D�*C%�กI�#�P�(�V����ก�BC$)��I��A���s^� 150 �q  �����(�s^�ECFH�C$��<C�J�F)�  EGQกa�bP�<��$(
C$N�ก��=VGQ)%�'D)�%�t�%A�����=$%�$�A 
 
 2.2.4  กa�bT�)*�!�O))*�T��>V)� (chlorofluorocarbons; CFCs) 
 
 T�)*�!�O))*�T��>V)�  %�t�กa�b��̂D�#�����P�<�=$DC$HI�กU�%�<�H�ก
ก��VA�ก��)IG&��ก��C  กa�b�$(%�<DC�U�))ก#PFT��(�E�ก#�T�<&G=BA��X 1930  #����%=B
&���h)%C�<ก�  %�'D)�H�กC$TIJ&CV�G<*�%�Q��������ก�� %PQ�  CQ%�t�)��G���GQ)C�IX�>,  CQ�Iก �CF  
E��C$%&s$��;��&O�  �FA�%�GI�$(=U�#�FC$ก���U�T�)*�!�O))*�T��>V)� �#PF#�)IG&��ก��CGQ���
C�กC��  *��%m���PQA�����&�T��C*�กT��(�=$D 2   �F�U�T�)*�!�O))*�T��>V)� �#PF)�Q��
E��Q����;��#GFP'D)=��ก��TF�AQ� �!�$))�� (Freon)  b^D�%�t�กa�b#�ก�IQC��*�T��>V)�
(halocarbon)  T�)*�!�O))*�T��>V)�=$D�<�C#PFC$�FA�ก�� 2 ���%;= T') CFC p 11 E�� CFC p 12  
*��=$D CFC p 11 #PFC�ก#�ก��N�<G*!C, ���&G<ก  E��ก����)�&%���>GQ���  &QA� CFC p 12 ��(�
&QA�#�RQ#PF#�)IG&��ก��C%T�'D)�%��� %PQ� %T�'D)����V)�ก�B, GOF%���  E��GOFEPQE]�� ��� %�t�GF�  
�)กH�ก�$(���C$ก���U�T�)*�!�O))*�T��>V)� �%�t�G�A=U������#�ก��=U�TA�C&�)��EN�A�H�
])�T)C�<A%G)�>#�*�����)IG&��ก��C)$ก�FA�  T�)*�!�O))*�T��>V)�C$TIJ&CV�G<=$DC$TA�C
%&s$��;��&O�  Ĥ�=U�#�FT�)*�!�O))*�T��>V)�C$PQA�P$A<G=$D���กAQ�กa�b)'D�� C�ก %PQ� CFC p 11 
C$PQA�P$A<G#�_��CP�G<���s^� 65 �q  E�� CFC p 12 C$)��I���s^� 130 �q  �����(�ECFTA�C%]FC]F�#�
P�(�V����ก�B])�T�)*�!�O))T��>V)�H��F)�ก�G�C  ก�Q�AT')���C�J 0.3 p 0.5 ppb  ��กEGQ
กa�b%�')�ก��HกP�<��$(C$V=V�=&U�T�R#�ก��=U�#�F%ก<�N�ก��=VH�ก���ก�ก��J>%�')�ก��Hก  
��<C�JT�)*�!�O))*�T��>V)�#�P�(�V����ก�BC$)�G��ก��%�<DC]^(���A 4% GQ)�q 
 
 2.2.5  กa�b*)*b� 
 
 *)*b�  %�t�กa�b=$D%ก<�H�กกa�b))กb<%H�#�ก��VA�ก��=��_��CP�G<  
*)*b���̂D�*C%�กI����ก)V�FA�)�G)C))กb<%H� 3 )�G)C  #�]J�=$Dกa�b))กb<%H�C$)�G)C
))กb<%H�%�$�� 2 )�G)C  *)*b�=$D%ก<�]^(�G�C_��CP�G<�$(&QA�#�RQ�V#�V����ก�BP�(�&G��>*G&
%!q��>  กa�b*)*b�#�P�(�&G��>*G&%!q��>�$(%ก<�]^(�H�ก��<ก<�<��])����&$)��G�� A*)%�GH�ก�A�
)�=<G�>ก�Vกa�b))กb<%H�  #�ก��VA�ก��_��CP�G<C$&C�I����AQ��กa�b=$D%ก<�#�CQE��กa�b*)*b�
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=$D&���G�A  �����(���<C�J*)*b�#�V����ก�BP�(�&G��>*G&%!q��>Ĥ�TQ)�]F��T�=$D  *��*)*b�#�
P�(�V����ก�B�$(H�C$TA�C&�C��s#�ก���O�b�V���&$)��G�� A*)%�G=$DENQC�H�ก�A�)�=<G�> �F   
%��Ĥ��<�C%�$�กP�(�*)*b��$(AQ� �ozone layer� P�(�*)*b��$(C$TA�C&U�T�RGQ)&<D�C$P$A<GV��'(�N<A*�ก
C�ก  %�'D)�H�ก���&$)��G�� A*)%�G�$(%�t�)��G���GQ)&�GA>E���'P  )$ก=�(�)�HกQ)#�F%ก<�*�TC�%���
N<A����#�C�IX�>  EGQ%C'D)กa�b*)*b�)�OQ#�V����ก�BP�(�=$DGDU�กAQ�  กa�b�$(ก��VC$*=XC�กกAQ�
���*�P�>  กa�b*)*b�#�P�(�V����ก�BGDU���(�%�t�N��A�])���<ก<�<�����AQ��E&�)�=<G�>E��
TA��%&$�H�ก%T�'D)���G>  #�PQA�%A��=$DC$��<C�Jกa�bP�<��$(C�กH�C$&;��%�t��C)กH��  *)*b�H�
%�t��<XGQ)�'PE��&�GA>  �)กH�ก�$(������ก)V�FA� )�(U�, %C�  E��กa�b)'D��  b^D� )�(U�H�C)� CQ
%���E��GQ��H�ก%C�E����))��(U�)��%ก<�H�กก��ก��D�G�A])� )�(U�  ก���%�t�����(U�%��ก�   )�(U�
C$V=V�==$D&U�T�R=$D&I�#�ก��กQ)#�F%ก<����ก�ก��J>%�')�ก��Hก  EGQ)�Q�� �ก�G�C��<C�J])� )
�(U�#�)�ก�Bก�T')HI�VQ�V)ก)IJ�;OC<*�ก��D�%)� ก�Q�AT') sF�)IJ�;OC<*�ก%�<DC&O�]^(�  ��<C�J )�(U�
�Q)C&O�]^(�%�t�%��G�CG�A  �����(� )�(U�H�%�t���HH��&U�T�R#�ก��กU����N�ก��=V=F��&I�])�ก��
%�<DC��<C�Jกa�b%�')�ก��Hก=$DC�IX�>กQ)]^(� (A<WO��>, 2538) 
 
 2.3  E��Q�กU�%�<�กa�b%�')�ก��Hก 
 
 ก<Hก��CGQ���  G�)�=�(�ก��)I�*;TV�<*;T])�C�IX�>#���HHIV��  �FA�EGQH�%�t�VQ)
%ก<�E��%�t�HI�กU�%�<�])�กa�b%�')�ก��Hก=�(�&<(�  =$D&U�T�R  �FEกQ ;�T)IG&��ก��Cb^D�C$ก��#PF
%T�'D)�H�ก�=$D%N� �CF�(U�C��%P'()%��<�, sQ���<�  E��กa�b_��CP�G< ��� %�t�GF�  #�F �Fb^D��������
%�'D)�U� �#PF#�ก��VA�ก��N�<GGQ���%�'D)#PF)I�*;TV�<*;T  ก��TC��TC]�&Q�ก�C$ก��%N� �CF
�(U�C��%P'()%��<�%PQ�%�$�Aก��  ก��G�� CF=U�������  G�)�H�ก��%N�%BX�'PH�ก%�')ก&A� �Q��  %C'D)
ก<Hก��CGQ������ก�Q�A%�<DCC�ก]^(�  E��=A$HU��A�&O�]^(�)�Q�� �Fb^D�TA�C�)%�$��  กa�b%�')�ก��Hก
ก�%�<DC&O�]^(�G�C ��FA�%PQ�ก��  TA�C�F)�ก��<D�sOก%ก�V&�&C%�<DC]^(�%�'D)��  H�%�t�&�%�GI])�
A<กcGก��J>*�ก�F)�#�=$D&I�  E��Q�กU�%�<�กa�b%�')�ก��Hก=$D&U�T�RC$���GQ) ��$( (_���B>, 2541) 
 
 2.3.1  ก��V�<*;T������� 
 
                               %�t�ก���U�%P'()%��<�!)&b<�b^D�=�VsC)�OQ#GF�'(�N<A*�ก  ]I�]^(�C�#PF CQAQ�H�%�t�
�(U�C��, sQ���<�  ��')กa�b_��CP�G<  %�'D)#PFN�<G%�t��������#�ก<Hก��CGQ���])�C�IX�>*��%m���
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������� !!"�   CQAQ�H�%�t�;�T)IG&��ก��C, %กXG�ก��C, #�T��A%�')�  E���F��)'D��  *��ก��
V�<*;T��������$(ก�H�&Q�N�#�F%ก<�กa�bT��>V)� �))ก b�>))กC�%�t�กa�b%�')�ก��Hก���ก 
 
 2.3.2  ก��N�<G#�;�T)IG&��ก��C 
 
 %�t�ก��%�Q�TA�C%H�<R%G<V*G=��%B�Xhก<H=�(�#����%=B=$D�����E�FAกU����
�����  #�ก��N�<GA�GsI�<V&<�TF�E��&<D�)U��A�TA�C&��Aก&V��GQ���  Ĥ�=U�#�FC$ก���U�
%T�'D)�H�ก�ก�#PF#�*�����)IG&��ก��C  E��#PF%P'()%��<�#�ก��%�<�%T�'D)�H�ก�  กQ)#�F%ก<�กa�b
T��>V)� �))ก b�>))ก&OQP�(�V����ก�B  H�กก��%N� �CF])�%P'()%��<�HU��Aก�(U�C��, sQ���<�  
E��กa�b_��CP�G<#�=$D&I� 
 
 2.3.3  ก��TC��TC]�&Q� 
 
 %�t�&QA���̂D�])�ก���U�%�<�ก<Hก��CGQ��� ])�C�IX�>   CQAQ�H�%�t�ก��]�&Q�
&<�TF���')A�GsI�<VH�ก;�T)IG&��ก��C ����HI�GQ���  *��ก��#PF�A���������=�(�=���s��G>, 
�s !, %T�'D)�V<�  E��=��%�')  �QACs^�ก��#PF�����#�P$A<G���HU�A��  Ĥ�กQ)#�F%ก<�ก��%N� �CF
�(U�C��%P'()%��<�E�������Q)�])�%&$�HU��Aกกa�bT��>V)� �))ก b�>, T��>V)��)C�)ก b�>  
E�� �G��&))ก b�>))กC�  *��%m���#��Q��PICP�%C')�  ��')E��Q�_I�ก<HGQ��� H��V%��� �F
P��%H�C�ก 
 
 2.3.4  ก��G�� CF=U������� 
 
                                %�t�ก��=U����E��Q��O�b�Vกa�bT��>V)� �))ก b�>=$D�����Q)�))กC�H�ก
ก<Hก��CGQ���  Ĥ�=U�#�Fกa�b%�')�ก��HกP�<��$(%�<DC]^(�%�'D)��  =$D&U�T�Rก��%N����, ก��=U� �Q%�'D)�
�)�  ��')ECFก��=�D� !���  ���%�t�G�A%�<DCกa�bT��>V)� �))ก b�>  )$ก=����̂D�H�กก���U���P$�
])�PICP�=$D)�B��)�OQ�)V�  �'(�=$D��� CF#�;OC<;�TGQ���  =$D&U�T�R���%]G�F)� (tropical forest) b^D�C$
TA�C���ก����=��P$A;��=�(��F��P�<����_I>E�����_Iก��C  %�t��'(�=$D=$D&CTA�=$DH�)�I��กX> AF#�F
C�ก�  %�'D)%�t�E��Q��O�b�V (absorption) กa�b%�')�ก��HกHU��AกT��>V)� �))ก b�> 
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 2.3.5  ก��%กXG�ก��C 
 

 %�'D)%�t�A�GsI�<VGQ��� C�N�<G&<�TF�E��V�<ก��GQ��� #�ก���U���P$�  b^D�&�C��s
�V%��� �F)�Q��P��%H�#�=A$�%)%P$�=$DC$ก��=U�ก��%กXG�ก��CC�)�Q��PF����  *��ก��=U� �Q, ��  
E��&A�  ก�C�กH�C$ก�������Q)�กa�bC$%=�))กC�H�กก��VA�ก���Q)�&���&��)<�=�$�>])�
EVT=$%�$�V��P�<�  E��)�HH�C$กa�b �G��&))ก b�>))กC�H�กก<Hก��C])�HI�<�=�$�>#��<�  ��')
ก��#PF�I�� �*G�%H�  )��%�t�กa�b%�')�ก��Hก=$DC$)��I)�OQ#�P�(�V����ก�B��A����)&CTA� 
 

3.  ก��+��!��	

������� (electrical generation) 
 

 3.1  V=�U� 
 
 ������� �C��s^� TA�C&�C��sb^D�C$)�OQ#�G�A])�&<D�=$D)�H#PFE����� �F  %�t�N�H�ก
ก��sQ��=)�  ��')ก��%��$D��&;��])�������� %PQ� ������� !!"� ��� %�t�GF� (ก�� !!"�����
N�<GE�Q����%=B =� [ก!N.], 2544) 
 
 ก��N�<G�������%�'D)�U� �N�<G%�t�ก��E& !!"���')������� !!"���(�])����%=B
 =�#���HHIV��&�C��sEVQ�))ก �F%�t� 2 ���%;=���ก T') 
 

 3.1.1  ���%;= CQ#PF%P'()%��<� 
 
 ก.  *�� !!"������(U�H�ก�(U�#�)Q��%ก�V�(U�  ��')H�ก�(U�#�����V&O� 
 
 ].  *�� !!"��������_��CP�G<H�กE��Q��������=$D CQ�C�&<(� %PQ� 
E&�)�=<G�>, TA�C�F)�#GF�<;�  E���C %�t�GF� 
 

 3.1.2  ���%;=%P'()%��<� 
 

 ก.  *�� !!"����� )�(U�  #PF%P'()%��<����%;=  กa�b_��CP�G<, sQ��
�<ก �G> ��')�(U�C��%G�  #�FTA�C�F)�ก�V�(U�H��(U�%�')�ก���%�t� )�(U�  E���U�E�����H�ก���� )
�(U�=$D �FC�����%T�'D)�กU�%�<� !!"� (generator) %�t�������� !!"�GQ) �  
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 ].  *�� !!"�����TA�C�F)�  #PF�U�C���$%b���')กa�b_��CP�G<C�
&�����=U�#�F%ก<��������TA�C�F)�  �U�N�H�ก�������TA�C�F)�C�#PF#�%P<��������ก�GQ) �  
*�� !!"����%;=�$(  �FEกQ 
 
 1) *�� !!"�ก�����Eกa&  #PFกa�b_��CP�G<, sQ���<��<ก �G>  ��')
�(U�C���$%b�%�t�%P'()%��<� 
 
 2) *�� !!"��������TA�C�F)��QAC  #PFกa�b_��CP�G<  ��')�(U�C��
�$%b�%�t�%P'()%��<� 
 
 3) *�� !!"��$%b�  #PF�(U�C���$%b�%�t�%P'()%��<� 
 
 3.2  &s<G<ก��N�<G������� !!"�#����%=B =� 
 
 ก�� !!"�����N�<GE�Q����%=B =� �FC$T��ก��J>TQ�������� !!"�=$DGF)�
N�<G#�F%�$���)GQ)ก��GF)�=$DC$)�Q�� CQC$=$D&<(�&I�  E�� �Fb^D�TA�C�)%�$��  *��T��T�%�H�ก]F)CO�
=$D �FC$ก��V��=^ก AF)�OQ%�<C  N�Aกก�V]F)CO�=$DC$)�OQ#���HHIV��  b^D�*��=$DNQ��C���(���<C�Jก��N�<G
������� !!"�=$Dก�� !!"�����N�<GE�Q����%=B =� �FTU��AJ AF  #ก�F%T$��ก�VTA�CGF)�ก��ก��#PF
������� !!"�=$DC$)�OQH�<� ����$(  (ก!N., 2547) 
 
 �q�V���C�J 2539 ก��N�<G������� !!"� 85,924.14 �F�� kWh  %�<DCH�ก
�q�V���C�J 2538  7,043.77 �F�� kWh T<�%�t� 8.93% 
 
 �q�V���C�J 2540 ก��N�<G������� !!"� 92,724.66 �F�� kWh  %�<DCH�ก
�q�V���C�J 2539  6,800.52 �F�� kWh T<�%�t� 7.91% 
 
 �q�V���C�J 2541 ก��N�<G������� !!"� 92,134.44 �F�� kWh  ����H�ก
�q�V���C�J 2540  590.22 �F�� kWh T<�%�t� -0.64% 
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 �q�V���C�J 2542 ก��N�<G������� !!"� 90,413.99 �F�� kWh  ����H�ก
�q�V���C�J 2541  1,720.49 �F�� kWh T<�%�t� -1.87% 
 
 �q�V���C�J 2543 ก��N�<G������� !!"� 96,766.10 �F�� kWh  %�<DCH�ก
�q�V���C�J 2542  6,345.11 �F�� kWh T<�%�t� 7.03% 
 
 �q�V���C�J 2544 ก��N�<G������� !!"� 103,685 �F�� kWh  %�<DCH�ก
�q�V���C�J 2543  5,827 �F�� kWh T<�%�t� 5.95% 
 
 �q�V���C�J 2545 ก��N�<G������� !!"� 110,436 �F�� kWh  %�<DCH�ก
�q�V���C�J 2544  6,751 �F�� kWh T<�%�t� 6.51% 
 
 �q�V���C�J 2546 ก��N�<G������� !!"� 117,341 �F�� kWh  %�<DCH�ก
�q�V���C�J 2545  6,905 �F�� kWh T<�%�t� 6.25% 
 
 H�ก]F)CO����ก�Q�A  H��VAQ�  TQ�TA�CGF)�ก��#PF������� !!"���(�%�<DCC�ก
]^(�#�=Iก�  H�C$%�$��V���q%=Q���(�=$DC$ก������  #��q�V���C�J 2541 E�� 2542  b^D�%�t�N�
%�'D)�C�H�ก&;�A�%B�Xhก<HGกGDU�  E��&;�A�!)�&VOQEGก#����%=B =�  %ก<���R��%�<�%!"), ��$(
=$D CQกQ)#�F%ก<���� �F  E��ก�����ก�B�)�G�ATQ�%�<�V�=   
 
 s^�ECFก��N�<G������� !!"�#����%=B =�  H�C$ �F)�OQ���ก�����O�EVV  
��กEGQ%C'D)%��$�V%=$�Vก�V��<C�JTA�CGF)�ก��  #�ก��#PF������� !!"�)�Q�� �Fb^D�TA�C�)%�$��E�FA  
=�����ก��������=$DC$)�OQ#����%=B])��Aก%����(�C$)�Q��HU�ก��  Ĥ�HU�%�t�GF)�)�B��ก���U�%]F�%P'()%��<�
=$D#PF%�t�GF�กU�%�<��������#�ก��N�<G������� !!"�  b^D�&QA�#�RQ%�t�%P'()%��<�HU��Aก!)&b<� %PQ� 
sQ���<�  E���(U�C���$%b� ��� %�t�GF�  #�EGQ���q%�t�%�<�&O�s^� 50,000 �F��V�= 
 
 3.3   &s<G<ก��#PF%P'()%��<�#�ก��N�<G������� !!"� 
 
 ก��N�<G������� !!"�E��ก��b'()������� !!"�  �q�V���C�J 2544 #PF
%P'()%��<�#�ก��N�<G������� !!"� ����$( (ก!N., 2544) 
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 กa�b_��CP�G<   34,871.18  �F�� kWh 
 �<ก �G>   17,306.58  �F�� kWh 
 �(U�C��%G�     3,110.61  �F�� kWh 
 �(U�C���$%b�       155.23  �F�� kWh 
 
 �q�V���C�J 2545 #PF%P'()%��<�#�ก��N�<G������� !!"� ����$(  
 
 กa�b_��CP�G<   35,607.91  �F�� kWh 
 �<ก �G>   16,890.30  �F�� kWh 
 �(U�C��%G�     2,024.49  �F�� kWh 
 �(U�C���$%b�        257.52  �F�� kWh 
 
 ก��%��$�V%=$�Vก��N�<G  E��ก��H��b'()������� !!"�])�ก�� !!"�����N�<G
E�Q����%=B  #��q�V���C�J 2544  E�� 2545  �VAQ� ก��N�<GE��ก����Vb'()������� !!"�
*���AC%�<DC]^(� 5%  b^D�&'V%�'D)�C�H�กก��ก��%G'()�])�%B�Xhก<H  H�ก]F)CO����ก�Q�A]F��GF�
�U� �&OQก��#PF%P'()!)&b<�#��O�GQ��� ����$( 
 
 ก��#PF%P'()%��<�#��q�V���C�J 2544  C$��<C�Jก��#PF%P'()%��<�!)&b<�#��O�
GQ���#�ก��N�<G������� !!"� ����$( 
 
 กa�b_��CP�G<   345,315  �F�� �V.!. T<�%�t�CO�TQ�   41,975   �F��V�= 
 �(U�C��%G�                 782  �F���<G�      T<�%�t�CO�TQ�     5,204   �F��V�= 
 �<ก �G>                      15  �F��G��        T<�%�t�CO�TQ�     6,464   �F��V�= 
 �(U�C���$%b�                46  �F���<G�      T<�%�t�CO�TQ�        580   �F��V�= 
            �ACCO�TQ�       54,223   �F��V�= 
 
 �q�V���C�J 2545  C$��<C�Jก��#PF%P'()%��<�!)&b<�#��O�GQ���#�ก��N�<G
������� !!"� ����$( 
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 กa�b_��CP�G<   344,184  �F�� �V.!. T<�%�t�CO�TQ�   42,159  �F��V�= 
 �(U�C��%G�                 514  �F���<G�      T<�%�t�CO�TQ�     3,586   �F��V�= 
 �<ก �G>                      15  �F��G��        T<�%�t�CO�TQ�     6,430   �F��V�= 
 �(U�C���$%b�                71  �F���<G�      T<�%�t�CO�TQ�        857   �F��V�= 
            �ACCO�TQ�       53,032   �F��V�= 
 
 ก��%��$�V%=$�VCO�TQ�ก��b'()�������%P'()%��<�  %�'D)�U�C�%�t�GF�กU����#�ก��
N�<G������� !!"�H�ก%T�'D)�กU�%�<�������� !!"�])�ก�� !!"�����N�<GE�Q����%=B =���(� 
�VAQ� #��q�V���C�J 2545  C$��<C�J���F)���กAQ��q�V���C�J 2544  CO�TQ� 1,191 �F��V�=  
)��&'V%�'D)�C�H�กก��%�<DC��<C�Jก����Vb'()������� !!"�H�ก*��N�<G������� !!"�;���)ก   
 
 �)กH�ก�$(#�ก��VA�ก��N�<G������� !!"�  ���&Q�N�ก��=VGQ)&;�A�EA��F)C
#��F��GQ��� %PQ� ��R��C��<X=��)�ก�B  %�'D)�H�ก#�ก��VA�ก��N�<G������� !!"�H�C$ก��
�����Q)�กa�b=$D%ก<�H�กก��%N� �CF%P'()%��<�  =$D#PF%�t��������#�ก��N�<G��')����%T�'D)�กU�%�<�
������� !!"�ก��H��&OQP�(�V����ก�B  b^D�*��&QA�#�RQE�FAH�%�t�กa�bT��>V)� �))ก b�> (CO2)   
b^D�H�กQ)#�F%ก<����ก�ก��J>%�')�ก��Hก  E��A<กcGก��J>*�ก�F)�#��U���VGQ) �  �AC �s^�ก��
�����Q)�กa�b �*G�%H� �))ก b�> (NO2)  H�กก��%N� �CFsQ���<�  b^D�H�กQ)#�F%ก<���ก��  
(acid rain)  &Q�N�ก��=VC�กC��GQ)��VV�<%AB�>E��&<D�EA��F)C (B��&�$�>E��H<���, 2544) 
 
4.  ��	

��ก	������+-��0��*�
3!4
ก�� 

 
 %T�'D)�EGQ�ก��E��%&'()NF���(�%�t���̂D�#���HH��&$D]�(��'(�h��  =$DC�IX�>=IกT�GF)�ก��E��
E&A���C�%�'D)�Q)�IFC�Q��ก��  )$ก=�(����&�F��TA�C)V)IQ�#�Fก�V�Q��ก��  E��#�]J�%�$�Aก�����PQA�
%&�<C&�F��VIT�<ก;��#�Fก�VNOF&AC#&Q  #�F*��%�Q�  %�C��&CE��sOกb^D�ก���E��%=B�  b^D�*��&QA�
#�RQE�FA%&'()NF�=$D�<�C&AC#&QH�%�t�%&'()NF�&U�%��H�O�  ก�Q�AT') %�t�%&'()NF�=$DG��%��V&U�%��HE�FA  C$=Iก
]���#�F&AC#&Q  C$���ก����EVV���ก����& G�>#�F%�')ก&AC#&QG�CTA�C%�C��&C   
(B�$ก�RH��, 2546)  ก��#PF�������#�%T�'D)�EGQ�ก��  ��ก%�<DC��VG�(�EGQ]�(�G)�ก��T��%�')ก
A�GsI�<VE��%G�$�CA�GsI�<V#�ก��N�<G, ก��N�<G%&F�#�])�%�'()NF�, ก��=)NF�, ก��%��VE��N�<G%�t�
%T�'D)�EGQ�ก��  H�ก��=�D��U�C�&AC#&Q  �ACs^�ก��b�ก, ก���$�#�]J�=$D#PF%&'()NF�%T�'D)�EGQ�ก��  
�FA�EGQH�GF)�#PF�������=�(�&<(�  *��%m���)�Q���<D�������� !!"�  b^D�ก��#PF�������#�EGQ��
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]�(�G)�]F��GF�ก�EGกGQ��ก�� � �VAQ� %&'()=$DN�<G�FA�NF�%&F�#�_��CP�G< b^D� �FEกQ �"�� (cotton)  
E��%&'()=$DN�<GH�ก%&F�#�&��%T����> (polyester) %&'()=$DN�<GH�กNF�#�&��%T����>H���������������
�AC&I=_<&O�กAQ�%&'()=$DN�<GH�กNF��"��C�ก  *���<H��J�G�(�EGQ]�(�G)�ก��T��%�')กA�GsI�<VE��%G�$�C
A�GsI�<V#�ก��N�<G   �H�s^�]�(�G)�ก����� (Alwood et al., 2006) 
 

!���
��* 1  E&����<C�J������� !!"�=$D#PF%m�$D� (kWh) #�EGQ��]�(�G)�])�%&'()=$DN�<GH�ก 
                  NF��"��  E��#�&��%T����>  #��(U����ก%�'()NF�=$D%=Q�ก�� (1 ก<*�ก��C) 
 

P�<�%&'()                                        
]�(�G)� 

NF��"�� NF�#�&��%T����> 

ก��T��%�')กA�GsI�<VE��%G�$�CA�GsI�<V#�ก��N�<G 4.44 9.17 

ก��N�<G%�'()NF�E��ก��=) 6.67 3.06 
ก��]�&Q�N�<G;�JW> 1.94 0.83 

ก��#PF���NF� 18.06 1.94 
�AC 31.11 15.00 

 
��*#�: Alwood et al. (2006) 
 
 �)กH�ก]�(�G)�ก��N�<GE��ก��#PF���])�%&'()NF���(�H�#PF������� !!"�E�FA  N��A�
H�กก��#PF������� !!"��$(  ��������Q)�T��>V)� (carbon) #�P�(�V����ก�B%�<DC&O�]^(�H�ก
ก��VA�ก��N�<G������� !!"�#�)$ก=����̂D��FA�  b^D�T��>V)���')กa�bT��>V)� �))ก b�>�$(  
%�t�กa�b%�')�ก��Hก (greenhouse gases)  P�<����กb^D�%�t�=$D=��Vก���$E�FAAQ�%�t���HH��=$DกQ)#�F%ก<�
���ก�ก��J>%�')�ก��Hก (greenhouse effect)  E��กQ)#�F%ก<�A<กcG*�ก�F)� (global warming)  
#�;������  &Q�N�ก��=VGQ���)�Q���F��E��GQ)*�ก#V�$(])��Aก%��  ���=$D �Fก�Q�A AFE�FA#�
]F��GF�  b^D���ก�<H��J�H�ก]�(�G)�GQ���])�%&'() ก�Q�AT') ��VG�(�EGQ]�(�G)�ก��T��%�')กA�GsI�<V
E��%G�$�CA�GsI�<V#�ก��N�<G (raw material), ก��N�<G%&F�#�])�%�'()NF�b^D�H��AC=�(�ก��=)NF�E��
ก��%��VN�<G%�t�%T�'D)�EGQ�ก�� (manufacturing), ก��]�&Q�N�<G;�JW> (transport)  H�ก��=�D��U�C�
&AC#&Qb^D��ACs^�ก��b�ก  ก���$�#�]J�=$D#PF%&'()NF�%T�'D)�EGQ�ก�� (use) 
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�����* 2  ก��!TA�C&�C���_>���AQ��]�(�G)�GQ���])�%&'()=$DN�<GH�กNF��"��  E��#�&��%T����>#� 
                �(U����ก%�'()NF�=$D%=Q�ก�� (1 ก<*�ก��C)  ก�V)�G��ก�������Q)�T��>V)� (CU; Carbon  
               Unit) #�P�(�V����ก�B 
��*#�: Anonymous (1994) 
 
 H�ก;��=$D 2  �VAQ�)�G��ก�������Q)�T��>V)� ��') กa�bT��>V)� �))ก b�>))ก&OQP�(�
V����ก�B��(�*���ACE�FA%&'()=$DN�<GH�ก#�&��%T����>  H������Q)�))กC��F)�กAQ�%&'()=$DN�<GH�ก
NF��"��)�Q��%��� �FP��  %����m���(�)�Hก�Q�A �FAQ���ก�<H��J�s^�)�G��ก�������Q)�T��>V)� 
��') กa�bT��>V)� �))ก b�>))ก&OQP�(�V����ก�B])�%&'()=�(� 2 P�<��$(  %&'()=$DN�<GH�ก#�&��%T����>
H�&Q�N�ก��=VGQ)P�(�V����ก�B  E��%�t���HH��=$DกQ)#�F%ก<����ก�ก��J>%�')�ก��HกE��
A<กcGก��J>*�ก�F)��F)�กAQ�%&'()=$DN�<GH�ก�"��  �)กH�ก�$(���C$ก���<H��J�s^�A�H�P$A<G (life cycle 
assessment; LCA) ])�=�(�%&'()NF�=$DN�<GH�ก�"��E��#�&��%T����>  *��C$ก����VIAQ�%&'()=$DN�<GH�ก
�"��#PF��������AC  �AC �s^�ก�������Q)�C��<X))ก&OQ_��CP�G<  G�)�ก��#PF���])�%&'()NF�
%T�'D)�EGQ�ก��  &O�กAQ�%&'()NF�%T�'D)�EGQ�ก��=$DN�<GH�ก#�&��%T����>&O�s^� 40% (Kalliala and 
Nousiaine, 1999)     
 
 *��&QA�#�RQE�FAก���<H��J�s^�A�H�P$A<G  H�C$ก��A<%T����>#��F��])�ก��#PF�������
=�(��C�  ��QA�%�t� MJ (total energy use), �F��ก��#PF=�����ก��(U�C�� ��QA�%�t��<G� (oil), �F��
ก���U�C�E��&;��%�t��I��  ��QA�%�t�ก��C (fertilizer), �F��ก��E��Qก��H��])����Q�EC��  ��QA�
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%�t�ก��C (pesticides), ก��#PF=�����ก��(U�  ��QA�%�t��<G� (water), ก�������Q)�กa�b
T��>V)� �))ก b�>  ��QA�%�t�ก<*�ก��C (carbon dioxide), TQ�#PFHQ��*�����C�J  ��QA� £   
���E&��#�;��=$D 3  
 

 
 

�����* 3  ก��!A�H�P$A<G (life cycle assessment; LCA) ])�%&'()NF�=$DN�<GH�ก�"��E��#� 
                &��%T����>#��(U����ก%�'()NF�=$D%=Q�ก�� (1 ก<*�ก��C)   
��*#�: Institute of  Material (2005) 
 
5.  �����+-��0��*�
3!4
ก�� 

 
 %&'()NF�%T�'D)�EGQ�ก��%�t���̂D�#���HH��&$D  =$DC�IX�>=IกT�GF)�ก��E&A���C�%�'D)�Q)�IFC
�Q��ก��  #�]J�%�$�APQA�%&�<C&�F��VIT�<ก;��#�Fก�VNOF&AC#&Q  *��&QA�#�RQE�FAH�%�t�%&'()NF�
&U�%��H�O�  b^D�%�t�%&'()NF�=$D%��V%&��HE�FA  C$=Iก]���  ����EVV  (B�$ก�RH��, 2546)  

(litres) 
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 5.1  NF�=$D#PFN�<G%&'()NF�%T�'D)�EGQ�ก�� 
 
 NF�=$D#PFN�<G%&'()NF�%T�'D)�EGQ�ก��C$C�กC������P�<�EGกGQ��ก��=�(�P�<�])�%&F�#�, 
*T��&�F��, ก��=), ก���F)C  E��ก��GกEGQ�  *��&�C��sHU�E�ก=$DC�])�%&F�#� �F 2 E��Q� T') 
(B�$ก�RH��, 2540) 
 
 5.1.1  #�H�ก_��CP�G<  ���ก)V�FA� 
 
 ก.  #�%b��O*�&  %�t�%&F�#�=$D �FH�ก�'P  #�=$D �FH�ก%C���  �FEกQ �"��  E���IQ�  
#�H�ก%��')ก  �FEกQ �<�<�, ��C$, ����  E���)  #�H�ก#V  �FEกQ )�V�ก�, &�V����  E������
B������J> %�t�GF� 
 
 ].  #�*��G$�  %�t�%&F�#�=$D �FH�ก&�GA>,  �C  ��')#�H�ก]�   �FEกQ ]�Eก�, 
)����ก�, )Oh, ETP%C$��>, ก�A��*T, ��V�, *CE��>,  ATO��, ]�C<(�T>  E��]�ก��GQ�� %�t�GF� 
 
 T.  #�E�Q   �FH�ก�<�G�C_��CP�G<  E��#����H�ก_��CP�G< %�t�GF� 
 
 5.1.2  #�H�กก������<Xh>  %�t�%&F�#�=$D �FH�กก��&��%T����>H�ก&��%TC$  
���ก)V�FA� 
 
 ก.  #�&��%T����>  �FEกQ  ��)�, *��<%)&%G)�>, *)%�!q�, )�T�<�<ก, 
*C�)�T�<�<T, b�E��, A<��)�, &E��%��กb>, )���C<�, =$%T, #���A, #�E�Q, #�EกFA  E��#�*��� 
 
 ].  #�ก^D�&��%T����>  %�t�#�=$DC$&QA�N&C])�#�H�ก_��CP�G<N&Cก�V&��
&��%T����>#�H�ก%b��O*�&  �FEกQ %��)�, #�H�ก%b��O*�&���E���  �FEกQ )�b<%G�  #�H�ก*��G$� 
 �FEกQ E)&�)� 
 
 5.2  ��กXJ�*T��&�F��ก��N�<G=$D&U�T�R  �FEกQ 
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 5.2.1  NF�=) T') ก��&)��F���'�  E���F���IQ�#�F]��ก��  =U� �F����EVVC$
���กก��&)�]��%V'()�GF�  EVQ�))ก �F 3 EVV T') (�A�E], 2536) 
 
   ก.  =)���]�� (plain weave) 
 
   ].  =)���&)� (twill weave) 
 
   T.  =)GQA� (satin weave) 
 
 5.2.2  NF��'� (knitting) T') ก���U��F���'�E���F���IQ�C��ACก��  EGQNF��'�EGกGQ��
ก��))ก �  N�<G*��#PF%&F��F��C�=U�%�t��QA�&)�T�F)�G<�GQ)ก��%�t�N'�NF� 
 
 5.2.3  NF��Oก CF (lace) T') �U�%)�%&F��F���'�  E���F���IQ�C�s�ก, =)  E��&��H�
%ก<��A����&A���C  C$=�(�P�<�NF��Oก CF  E���Oก CFG���)ก 
 
 5.2.4  NF�s�ก%�q� (braiding) T') ก���U�%)�%&F��F��_��C����')�F��*���s�ก ]AF
ก��%�t�EsV%��ก�C$��กXJ�T�F��%�q�, %=���')EsV 
 
 5.2.5  NF� CQ=) (non woven) T') %�t�N�<G;�JW>&<D�=)=$DN�<G*��ก��)��G<���')
#�F%&F�#�%ก���^�ก��%)�  ��')=�(�&)��ACก�� 
 
  5.3  TIJ&CV�G<])�%&F�#�G�C��กXJ�ก��#PF���  EVQ� �F%�t� 4 ก�IQC T') 
 
  5.3.1  TIJ&CV�G<%ก$D�Aก�VTA�C=�=��  �FEกQ TA�C%��$�A, TA�C=�GQ)ก��]��sO, 
TA�C&�C��s#�ก��H�V*TF��), TA�C&�C��s�ACG�Aก�� �F�$, TA�C�'��� �F  E��TA�CT��O� 
 
  5.3.2  TIJ&CV�G<])�%&F�#�=$D%ก$D�Aก�VTA�C&V��  �FEกQ TIJ&CV�G<#�ก���O�b^C�(U�
E��TA�CP'(�, ก����V��TA�C�F)�, ก���U� !!"�, ก��E�F, ก���U�TA�C�F)�, ก��%ก�VTA�C�F)�, 
TA�C���E�Q�  E��TA�CsQA�HU�%��� 
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  5.3.3  TIJ&CV�G<])�%&F�#�=$D%ก$D�Aก�VTA�C��C  �FEกQ TA�CC��, ก���F)C&$G<�, 
TA�C*��Q�E&�,ก��H�VH$V, N<A&�CN�&�ACs^��IQC])�%�'()NF�  E��TA�C�Q�H�VGF)� 
 
  5.3.4  TIJ&CV�G<])�%&F�#�=$D%ก$D�Aก�Vก���OE���กX�  �FEกQ TA�C=�=��GQ)
&��%TC$, ก���O�b^C�(U�, ก��=�GQ)TA�C�F)�, ก��=�GQ)E&�E�� 
 
  5.4  %&'()%P<(GE��%&'()*�*� (short sleeved shirt and polo shirt) 
 
  %&F�_��CP�G<*��%m���NF��"��V�<&I=_<� (100% cotton) �<�C�U�C�N�<G%�t�%&'()%P<(G  
*��%&'()%P<(G��(�H�%�t�%&'()T)�ก  NQ���F�G�)�E�A  ���ก)V&�V%&'()=�(�&)�]F��  ��F)Cก���IC
E������ICG�)�E�A  &QA�%&'()*�*���(�  H��<�CN�<GH�กNF�#�&��%T����>s�ก (polyester T/K type)  
%�t�%&'()T)�ก  &AC��A  NQ���F���C����C�Js^�)ก  ���ก)Vก���IC��F)C����IC 1-2 %C�� (A��IJ$, 
2542)  *��TIJ&CV�G<])�NF�#�&��%T����>=$D%��')กAQ��"����(�  )�OQ=$D�'���IQ�&O�กAQ�   CQ��(�G�C&QA�
GQ���])��Q��ก��, =���V �F�$  E��%C'D)��Vก�&�C��sT'�G�A#�F%�$�V �F*���Q��กAQ�NF�=)H�ก%&F�#�
_��CP�G< (B�$ก�RH��, 2546)   
 

 
 
�����* 4  %&'()%P<(GVI�IXE]�&�(�  =$DN�<GH�กNF�=)H�ก�"��V�<&I=_<� (bF��)  E��%&'()*�*�&$%��')�VI�IX 
                E]�&�(�=$DN�<GH�กNF�#�&��%T����>s�ก (]A�) 
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6.  
��"�.	���*�ก�*�"M-�
 

 
 Alwood et al. (2006)   �FB^กX�s^���������AC#��O�GQ��� =$D#PFก�V%&'()NF�%T�'D)�EGQ�ก��
E��N�<G;�JW>NF�#�EVVGQ��� %PQ� %&'(), %&'()T�IC, ก��%ก�]�&�(�, ก��%ก�]���A, NF����T)  E����C 
��� %�t�GF�  *��#�ก��=��)���(� �F#PF%&'()NF�%T�'D)�EGQ�ก��=$DN�<GH�กNF�%&F�#�_��CP�G<  b^D�
 �FEกQNF��"��V�<&I=_<�  E��NF�=$DN�<GH�ก%TC$&��%T����>  b^D� �FEกQ NF�#�&��%T����>  *���<H��J�ก��
#PF�������#��O�GQ���=$D#PF#�EGQ��]�(�G)�  %�<DCG�(�EGQ ก��T��%�')กA�GsI�<VE��%G�$�CA�GsI�<V#�
ก��N�<G (material), ก��N�<G%�'()NF�E��ก��=) (production), ก��]�&Q�N�<G;�JW> (transportation)  
E��ก��#PF���NF� (use)  G�)�H�ก��=U����E��กU�H��NF�=$DNQ��ก��#PF���H��C�&;��E�FA 
(disposal) 
 
 Institute of  Material (2005)   �FB^กX�s^�A�H�P$A<G (life cycle assessment; LCA) ])�
N�<G;�JW>%&'()NF�%T�'D)�EGQ�ก��  *��#�ก��=��)���(� �F#PF%&'()NF�%T�'D)�EGQ�ก��=$DN�<GH�กNF�%&F�
#�_��CP�G<  b^D� �FEกQNF��"��V�<&I=_<�  E��NF�=$DN�<GH�ก%TC$&��%T����>  b^D� �FEกQ NF�#�&��%T����>  
*��กU�����(U����ก])�%�'()NF� 1 ก<*�ก��C  #�ก��=��)�  *��=U�ก�����%C<�A�H�P$A<G])�
N�<G;�JW>%&'()NF�%T�'D)�EGQ�ก��=�(� 2 P�<� ���GQ) ��$(  ก��#PF�������=�(��C�  ��QA�%�t� MJ (total 
energy use), �F��ก��#PF=�����ก��(U�C�� ��QA�%�t��<G� (oil), �F��ก���U�C�E��&;��%�t��I��  
��QA�%�t�ก��C (fertilizer), �F��ก��E��Qก��H��])����Q�EC��  ��QA�%�t�ก��C (pesticides),  
ก��#PF=�����ก��(U�  ��QA�%�t��<G� (water), ก�������Q)�กa�bT��>V)� �))ก b�>  ��QA�%�t�
ก<*�ก��C (carbon dioxide), TQ�#PFHQ��*�����C�J  ��QA� £ 
 
 Kalliala and Nousiainen. (1999)   �FB^กX�s^�A�H�P$A<G (life cycle assessment; LCA)  
])�N�<G;�JW>%&'()NF�%T�'D)�EGQ�ก��  &U����Vก��#�FV�<ก��#�*��E�C (hotel textile services)   
*��=U�ก��B^กX�s^��������=$D#PF, =�����ก�GQ���=$D#PF  �AC �s^�ก�������Q)�C��<X))ก&OQ
_��CP�G<  G�)�ก��#PF���])�%&'()NF�%T�'D)�EGQ�ก��  *��#�ก��B^กX���VIAQ�%&'()NF�%T�'D)�EGQ�ก��
=$DN�<GH�กNF��"��  H�#PF�������, =�����ก�_��CP�G<  G�)�H������Q)�C��<X))ก&OQ_��CP�G<  
&O�กAQ�%&'()NF�%T�'D)�EGQ�ก��=$DN�<GH�ก#�&��%T����>&O�s^� 40% 
 
 Woolridge et al. (2005)   �F=U�ก��B^กX�s^�]�(�G)�ก��กU�H��]��H�ก%&'()NF�%T�'D)�EGQ�ก��  
*����VIAQ���ก#PF%&'()NF�%T�'D)�EGQ�ก��#�FTIFCTQ�=$D&I�%=Q�=$D%��H�=U� �F   CQ=<(�]AF��E��#PFEVV
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!I�C%!�)� �Fb^D�TA�C�)%�$��E�FA  =Iก� 1 ก<*�ก��C])�%&'()NF�%T�'D)�EGQ�ก��=$DN�<GH�กNF��"��V�<&I=_<�
E��N�<GH�ก#�&��%T����>=$DsOก=<(� �  %=Q�ก�Vก��&OR%&$�������� !!"�  �����(���ก�<H��J�H�ก
]F)กU�����$(H��VAQ�  ��กC$ก��#PF%&'()NF�%T�'D)�EGQ�ก��)�Q��TIFCTQ�E�� CQ=<(�  =Iก� 1 ก<*�ก��C])�
%&'()NF�%T�'D)�EGQ�ก��=$DN�<GH�กNF��"��V�<&I=_<�=$D CQ=<(�H��������������� !!"� �F 65 kWh  E�� 
=Iก� 1 ก<*�ก��C])�%&'()NF�%T�'D)�EGQ�ก��=$DN�<GH�กNF�#�&��%T����>=$D CQ=<(�H���������������
 !!"� �F&O�s^� 90 kWh 
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�L�ก���3��"�2�ก�� 

 
�L�ก��� 

 

1.  �L�ก�����*�N-��ก����
 
 

 1.1  %G��$�E�F�  �$D�F) Philips  �IQ� GC 135  ]��� 1,025 W  ENQ�TA�C�F)�P�<�)��OC<%�$�C 
(aluminium hot plate)  C$��VV%=)�>*C&EG� (thermostat) 
 
 1.2  %G��$� )�(U�  �$D�F) Philips  �IQ� GC 1703  ]��� 1,325 W  ENQ�TA�C�F)�P�<�
)��OC<%�$�C (aluminium hot plate) C$��VV%=)�>*C&EG� (thermostat)  
 
 1.3  %&'()*�*�&$%��')�VI�IXE]�&�(�  %�'()NF�s�ก#�&��%T����>  EVV T/K (polyester T/K 
type)  ]���C�G�h�� M, L E�� XL  (���E&��#�;�TN�Aก ก) 
 
 1.4  %&'()%P<(GVI�IXE]�&�(�  %�'()NF�=)H�ก�"��V�<&I=_<� (100% cotton)  ]���C�G�h�� M, L 
E�� XL  (���E&��#�;�TN�Aก ก) 
 
 1.5  =$D�)��$�VINF��)��$�P�<�NF��<V%&�<C!)��(U�ENQ�V��  ���ก)V]�G�(�*���%T�')V  
���V����V �F   
 

2.  �L�ก�����*�N-��ก��"	
���#����	

���������*�N-��ก����
, �����"����ก����
 
 

 2.1  watthour meter  �$D�F) Mitsubishi  �IQ� MF-63E  TA�C��%)$�� 
000,1

1  kWh 

 

 2.2  breaker �$D�F) National  &U����VE����� !!"� 220 p 240 V  TA�Cs$D 50 p 60 Hz 
 

 2.3  plug �$D�F) National  &U����VE����� !!"� 220 p 240 V  TA�Cs$D 50 p 60 Hz 

 
 
 
 
 
 

 2.4  ���<ก�H�V%A��  �$D�F) Casio  �IQ� EFD-100  TA�C��%)$�� 
100

1  s 



 
 

 

 
34 

3.  �L�ก�����*�N-��ก��"	
�L���,#�  3��0"�#N����	#�	�2�M���1�ก����
 
 
 3.1  thermometer  EVV��)�V��HI��)= (&$E��) 
 
 3.2  psychrometer  EVVก��%���%�q�กก��%���E�F� 
 
4.  �L�ก�����*�N-"	
�L���,#�����+�"��-�3+4�0"�#�-��M�
�!���
 (hot plate) �	�
 2 N��
  

 
 4.1  %T�'D)�A��)IJ�;OC<��VVG�A%�])<%�T=�)�<ก&>  �$D�F) Union �IQ� UN305A 
 

4.2 thermocouple �IQ� JB10017  P�<� K 
 

"�2�ก�� 
 
1.  %]ก$�ก����
����������������
�L�L$3M��	��  3��������N��!�L�L$3M��	��  M��
#�!�^�� M, L  

     3�� XL !�#�1�
	�  
 
 1.1  %���%G��$�EGQ��P�<�E�����V)IJ�;OC<#�ก���$�#�FG��ก�VP�<�])�NF�  H�กTOQC')ก��#PF
���])�%G��$�EGQ��P�<�  �VAQ�#�ก��#PF%G��$�E�F�&U����Vก���$�%&'()*�*�&$%��')�VI�IXE]�&�(�  
#�F���V����V �=$D nylon E��&U����Vก���$�%&'()%P<(GVI�IXE]�&�(�  #�F���V����V �=$D cotton  
&U����V%G��$� )�(U���ก#PF�$�%&'()*�*�&$%��')�VI�IXE]�&�(�  #�F���V����V �=$D nylon  ����V )�(U� 
0  ��ก#PF�$�%&'()%P<(GVI�IXE]�&�(�  #�F���V����V �=$D cotton  ����V )�(U� 2 
 
 1.2  �$�%&'()=�(� 2 P�<�  *���$�#�V�<%AJ&QA�=$D���กQ)�E�Q�)'D�  b^D�  �FEกQ V�<%AJ�กT)
%&'()  *���$�=���F��#�])�%&'()  H�ก��(�=U�ก���$�&QA�V��=$D%��')H�กG)�V�])�%&'()��C�]F���Q��  
b^D� �FEกQV�<%AJE]�%&'()=�(�&)�]F��  E���U�G�A])�%&'()G�C�U���V  *���$�=���F����F�])�%&'()กQ)�
�F������ (A��IJ$, 2542)  #�ก���$�%&'()=�(� 2 P�<���(�)�OQ#�����V%�$�V�F)�  E�F� CQ%�q�กP'(�  E�� CQ
C$ก����C�(U���')�(U����$�NF�#�� ���AQ��=U�ก���$�  =U�ก���$�%&'()=�(� 2 P�<�  �FA�%G��$�E�F�  E��
%G��$� )�(U�  ( CQC$ก��)IQ�%G��$�)  G�C�U���V  ����$(   
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 1.2.1  �$�%&'()=�(� 2 P�<� ]���C�G�h�� M  *��=U�ก���$�T��(��� 1 G�A, 2 G�AGQ)%�'D)�, 3 
G�AGQ)%�'D)�  G�C�U���V �%�'D)��  H�s^�T��(��� 7 G�AGQ)%�'D)�     
 
 1.2.2  �$�%&'()=�(� 2 P�<� ]���C�G�h�� L  *��=U�ก���$�T��(��� 1 G�A, 2 G�AGQ)%�'D)�, 3 
G�AGQ)%�'D)�  G�C�U���V �%�'D)��  H�s^�T��(��� 7 G�AGQ)%�'D)� 
 
 1.2.3  �$�%&'()=�(� 2 P�<� ]���C�G�h�� XL  *��=U�ก���$�T��(��� 1 G�A, 2 G�AGQ)%�'D)�, 
3 G�AGQ)%�'D)�  G�C�U���V �%�'D)��  H�s^�T��(��� 7 G�AGQ)%�'D)�  *��%C'D)=U�ก���$�#�EGQ��T��(�ก��
A<H��%&��H&<(�E�FA  GF)��)H�กAQ�)IJ�;OC<N<A��F�ENQ�TA�C�F)�])�%G��$�=�(� 2 P�<�  %���G�A��
%=$�V%=Q�)IJ�;OC<�F)�%&$�กQ)�  Ĥ�H�&�C��s=U�ก���$�#�PI�A<H��T��(�GQ) � �F 
 
2.  %]ก$����#����	

���������*�N-��ก����
�����3!4��!	"  ��4"���b� kWh  �"#�	�
�����"����*�N- 

      ��ก����
�����3!4��!	"  ��4"���b� min 3�����#����	

���������*�N-��ก����
!4�������*�����+-�  

      1 !�.#. !�#�1�
	�   
 

 2.1  =U�ก���$�%&'()=�(� 2 P�<� #�]���C�G�h�� M, L E�� XL G�CA<_$A<H��#�]F) 1.  V��=^ก
��<C�J������� !!"�=$D#PF#�ก���$�%&'()#�EGQ��G�A=$D=U�ก���$�  ��QA�%�t� kWh  H�กก��)Q��TQ�
������� !!"�=$D#PFH�ก watthour meter  *��=U�ก��V��=^ก=��=$����ก���$�%&'()#�EGQ��G�A%&��H&<(�   
 
 2.2  V��=^ก����%A��=$D#PF#�ก���$�%&'()#�EGQ��G�A=$D=U�ก���$�  ��QA�%�t� min  �AC=�(�
V��=^ก)IJ�;OC<�F)���<V�G<ก��=$D=U�ก���$�E��TA�CP'(�&�C��=_>])��F)�]J�=U�ก���$�  *��=U�ก��
V��=^ก=��=$����ก���$�%&'()#�EGQ��G�A%&��H&<(�   

 
 2.3  �U�N�ก��A<H����<C�J������� !!"�=$D#PF#�ก���$�%&'()EGQ��G�A  ��QA�%�t� kWh  =$D
V��=^ก �F  �AC=�(�����%A��=$D#PF#�ก���$�%&'()EGQ��G�A  ��QA�%�t� min  =$D �F=U�ก��H�V��=^กG�C
]F) 2.1  E�� 2.2  C�%m�$D��ACก��])�=�(� 3 ]���C�G�h��  ก�Q�AT') M, L E�� XL  H�ก��(�=U�ก��
V��=^กTQ�%m�$D�=�(� 3 ]���C�G�h��C�G�h��%&'()=$D �F  ��#�G����V��=^กN�ก��=��)�  ������ก�
#�G����=$D 2 p 5 G�C�U���V 
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 2.4  �U�N�ก��A<H����<C�J������� !!"�=$D#PF#�ก���$�%&'()EGQ��G�A  ��QA�%�t� kWh  =$D
V��=^ก �F  �U�C�%=$�Vก�V�'(�=$D%�'()NF�])�%&'()EGQ��P�<�  ���E&�� AF#�;�TN�Aก ก  E�FATU��AJ
%=$�Vก�V�'(�=$D%�'()NF� 1 G�.C. (������ก�#�G����=$D 6 -7)  *��#PFA<_$V�RR�G< G����B>  G�A)�Q��%PQ� 
 
 %&'()*�*�&$%��')�VI�IXE]�&�(�  ]���C�G�h�� M HU��A� 1 G�A  C$]����'(�=$D%�'()NF�
G�A�� 0.8819 G�.C. (G�C;�TN�Aก ก)  #PF������� !!"�&�&C#�ก���$� X kWh 
 

 %����m���(���กC$�'(�=$D%�'()NF� 1 G�.C.  H�#PF������� !!"� %=Q�ก�V 
8819.0

)(1 X  kWh/m2 

 
 2.5  &�I�E��A<H��J>N�ก��A<H��  G�CN�ก��A<H��=$DV��=^ก �F  *��%&'()=$D#PF#�ก��A<H��=IกG�A
H�=U�ก��b�ก 1 T��(�  E��G�ก#�FE�F�กQ)�ก���$�  ���E&�� AF#�;�TN�Aก ] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 

 
 

 

 
 

 
 

�����* 5  )I�ก�J>=$D#PF#�ก��A<H����F)CE&��ก��H��A��  *��&��%]� 
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+�3��"�.���� 

 
+� 

 

1.  %]ก$����#��ก���N-��	

��������e��*���ก����
�����  3�������"���e��*���*�N-��ก����
����� 
 
 =U�ก���$�%&'()=�(� 2 P�<� #�]���C�G�h�� M, L E�� XL  V��=^ก��<C�J������� !!"� 
=$D#PF#�ก���$�%&'()#�EGQ��G�A=$D=U�ก���$�  ��QA�%�t� kWh  H�กก��)Q��TQ�������� !!"�=$D#PFH�ก 
watthour meter  V��=^ก����%A��=$D#PF#�ก���$�%&'()#�EGQ��G�A=$D=U�ก���$�  ��QA�%�t� min  *��=U�
ก��V��=^ก=��=$����ก���$�%&'()#�EGQ��G�A%&��H&<(�  G�CA<_$ก��A<H�� (���E&��#�;�TN�Aก �)  
H�ก��(�%m�$D�N�ก��A<H�����ก�Q�A]F��GF��ACก��=�(� 3 ]���C�G�h��  ก�Q�AT') M, L E�� XL  E��
=U�ก��V��=^กTQ�%m�$D�=�(� 3 ]���C�G�h��%&'() (���E&��#�;�TN�Aก m)  H�กก��B^กX���<C�Jก��
#PF������� !!"�%m�$D�#�ก���$�%&'() �VAQ�  ��ก=U�ก���$�%&'()T��(��� 7 G�A ก���$�%&'()=�(� 2 P�<��FA�
%G��$�E�F�  H��������������� !!"�%m�$D�=�(� 3 ]���%&'()กAQ�%G��$� )�(U�%m�$D�G�A�� 0.026 kWh 
(���E&��#�G����=$D 2)  *��%&'()%P<(GVI�IXE]�&�(�H��������������� !!"�กAQ� 18.6%  E��%&'()
*�*�&$%��')�VI�IXE]�&�(�H��������กAQ� 64.7%  E��&QA�GQ��])�������� !!"�=$D%��&�C��s
��������� �F])�ก���$�%&'()%P<(GVI�IXE]�&�(�E��%&'()*�*�VI�IXE]�&�(��FA�%G��$� )�(U�%m�$D�G�A�� 
0.023 kWh (���E&��#�G����=$D 3)   
  
!���
��* 2  &�I�TQ�%m�$D�������� !!"�=$D#PF (kWh) #�ก���$�%&'()GQ) 1 G�A  #�EGQ��P�<�])�=�(� 3  
                  ]���C�G�h�� M, L E�� XL  *��=U�ก���$��FA�%G��$�E�F�  
 

HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A)                     !!"�%m�$D�=$D#PF�$� (kWh)  
 ���%;=%&'()                                         1 2 3 4 5 6 7 
%&'()%P<(GVI�IXE]�&�(�               0.065 0.055 0.050 0.047 0.046 0.044 0.043 
%&'()*�*�VI�IX&$%��')�E]�&�(�  0.030 0.025 0.022 0.020 0.020 0.018 0.017 

������� !!"�=$D&�C��s������� �F  (kWh) 0.026 

 

�#����!L  )IJ�;OC<�F)�]J�=U�ก���$� T') 34-35°C  TA�CP'(�&�C��=_> 57% 



 
 

 

 
38 

!���
��* 3  &�I�TQ�%m�$D�������� !!"�=$D#PF (kWh) #�ก���$�%&'()GQ) 1 G�A  #�EGQ��P�<�])�=�(� 3  
                  ]���C�G�h�� M, L E�� XL  *��=U�ก���$��FA�%G��$� )�(U�  
 

HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A)                     !!"�%m�$D�=$D#PF�$� (kWh)  
 ���%;=%&'()                                         1 2 3 4 5 6 7 
%&'()%P<(GVI�IXE]�&�(�               0.070 0.065 0.062 0.058 0.054 0.053 0.051 
%&'()*�*�VI�IX&$%��')�E]�&�(�  0.040 0.035 0.033 0.031 0.030 0.028 0.028 

������� !!"�=$D&�C��s������� �F  (kWh) 0.023 

 

�#����!L  )IJ�;OC<�F)�]J�=U�ก���$� T') 34-35°C  TA�CP'(�&�C��=_> 57% 
 
 E�A*�FC])�ก��#PF������� !!"�%m�$D�])�=�(� 2 P�<�%&'()  #�=Iก]���C�G�h����(�   
��ก=U�ก���$�GQ)%�'D)�HU��A�C�ก]^(�  H��<D��������������� !!"�%m�$D�=$D#PFGQ)G�AC�ก]^(�G�C �
�FA�%PQ�ก��  *��C$E�A*�FC=$DH��������E������%�'D)��  ��ก=U�ก���$�%&'()#�EGQ��P�<��FA�%G�
�$�E�F�E��%G��$� )�(U�#�����%A��=$D#ก�F%T$��ก�� (���E&��#�G����=$D 4, 5)  E��E�A*�FC])�
����%A��=$D#ก�F%T$��ก��G�C=$DE&��#�;��=$D 7   
 
 %�<DCC$ก��P��)G�A])�)�G��ก��������� !!"�=$D#PF#�ก���$� J ก���$�%&'()GQ)%�'D)�HU��A� 
4 G�A %�t�GF� �   �H�s^�ก���$�%&'()GQ)%�'D)�=$DHU��A� 7 G�A  Ĥ�s') �FAQ�ก���$�%&'()=�(� 2 P�<�  ��ก
=U�ก���$�GQ)%�'D)�G�(�EGQ 4 G�A]^(� �H�%�<DCC$E�A*�FC=$DH��������������� !!"� �F&O�กAQ�ก���$�
%&'()T��(��� 1, 2 E�� 3 G�A )�Q��%��� �FP�� (���E&��#�;��=$D 6)  %�GI=$D=U�ก���$�%&'()=�(� 2 P�<�
HU��A�C�กกAQ� 3 G�A]^(� �Ĥ�H�C$E�A*�FC#�ก���������������� !!"�=$DP��%H�  )��%�'D)�C�H�ก  
C$ก��&�&CTA�C�F)�])�ENQ�TA�C�F)�])�%G��$�=$D#PF#�ก��A<H��=�(� 2 P�<�  ก�Q�AT')  ก���$�
HU��A��F)�ก��&�&CTA�C�F)�#�ENQ�TA�C�F)�])�%G��$����C$��<C�J�F)���ก%=$�Vก�Vก���$�
%&'()#�HU��A�=$DC�กกAQ�  )$ก=�(�%G��$�=�(� 2 P�<��$(C$��VV%=)�>*C&EG� (thermostat)  b^D�H�=U�ก��
G����VV=U�TA�C�F)�])�ENQ�TA�C�F)�%G��$�  %C'D)s^�����V])�)IJ�;OC<=$DGF)�ก��  %C'D)G����VV
=U�TA�C�F)�])�ENQ�TA�C�F)�%G��$�  ��VVH� CQ �F#PF������� !!"�  ��ก�<D�C$ก��&�&CTA�C
�F)�])�ENQ�TA�C�F)�#�%G��$�C�ก  )IJ�;OC<=$D&�&C#�ENQ�TA�C�F)�H�&O�]^(�G�C ��FA�  
#�=��ก��Vก��������� !!"�=$D#PF#�ก���$�%&'()T��(��� 1, 2 E�� 3 G�A  C$TQ�&O�  %�t�%�GIH�กก��
&�&CTA�C�F)�])�ENQ�TA�C�F)�%G��$���� CQC�ก�)  *��%m���ก���$�%�$��T��(��� 1 G�A  H�
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&<(�%��')�������� !!"�C�ก=$D&I�  %�'D)�H�กH�GF)�=U�TA�C�F)�ENQ�TA�C�F)�])�%G��$�H�ก����V
)IJ�;OC<%=$�V%=Q�)IJ�;OC<�F)�   �H�s^�����VTA�C�F)�=$DGF)�ก��  *��)IJ�;OC<])�N<A��F�%G��$�
=�(� 2 P�<�  E��)$ก��HH����̂D�=$D%�t�%�GI#�Fก��#PF������� !!"�#�ก���$�%&'()=�(� 2 P�<�])�%G��$�
 )�(U�C$E�A*�FC=$D&O�กAQ�%G��$�E�F�  %�'D)�H�ก%G��$� )�(U�C$��VV=U�TA�C�F)�%�'D)=U�#�F�(U�
ก���%�t� )�(U�  �)ก%��')H�กก��=U�#�FN<A��F�%G��$��F)�%�$��)�Q��%�$�A%mก%PQ�%G��$�E�F�  Ĥ�=U�
#�F%C'D)=U�ก���$�%&'()#�P�<�%�$�Aก��  N<A��F�%G��$�])�%G��$� )�(U�H�C$)IJ�;OC<&O�กAQ�%G��$�E�F�  
(���E&��#�;�TN�Aก P)  b^D���VVก��=U�TA�C�F)�#�FN<A��F�])�%G��$�E��ก��=U�TA�CTA�C
�F)�#�F�(U�ก���%�t� )�(U��FA�#PF������� !!"�=�(�&<(�  
 

!���
��* 4  &�I�TQ�%m�$D�����%A��=$D#PF (��=$) #�ก���$�%&'()GQ) 1 G�A  #�EGQ��P�<�])�=�(� 3 ]��� 
                  C�G�h�� M, L E�� XL  *��=U�ก���$��FA�%G��$�E�F�   
 

HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A)                    %A��%m�$D�#PF�$� (��=$/G�A)  
 ���%;=%&'()                                         1 2 3 4 5 6 7 
%&'()%P<(GVI�IXE]�&�(�               6.85 6.83 6.79 6.79 6.77 6.75 6.76 
%&'()*�*�VI�IX&$%��')�E]�&�(�  6.66 6.68 6.66 6.66 6.66 6.61 6.60 

 

�#����!L  )IJ�;OC<�F)�]J�=U�ก���$� T') 34-35°C  TA�CP'(�&�C��=_> 57% 
 

!���
��* 5  &�I�TQ�%m�$D�����%A��=$D#PF=$D#PF (��=$) #�ก���$�%&'()GQ) 1 G�A  #�EGQ��P�<�])�=�(� 3  
                   ]���C�G�h�� M, L E�� XL  *��=U�ก���$��FA�%G��$� )�(U�  
 

HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A)                    %A��%m�$D�#PF�$� (��=$/G�A)  
 ���%;=%&'()                                         1 2 3 4 5 6 7 
%&'()%P<(GVI�IXE]�&�(�               5.16 5.14 5.13 5.13 5.13 5.06 5.04 
%&'()*�*�VI�IX&$%��')�E]�&�(�  4.69 4.67 4.67 4.69 4.66 4.59 4.59 
 
�#����!L  )IJ�;OC<�F)�]J�=U�ก���$� T') 34-35°C  TA�CP'(�&�C��=_> 57% 
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�����* 6  ก��!E&��E�A*�FCก��#PF������� !!"�%m�$D�])�=�(� 3 ]���C�G�h��%&'()  #�ก���$� 
                %&'()GQ)%&'() 1 G�A  �$�GQ)%�'D)�T��(��� 1, 2, 3, �, 7 G�A  ])�%&'()=�(� 2 P�<� G�C�U���V 
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�����* 7  ก��!E&��E�A*�FCก��#PF����%A��%m�$D�])�=�(� 3 ]���C�G�h��%&'()  #�ก���$�%&'() 
                GQ)%&'() 1 G�A  �$�GQ)%�'D)�T��(��� 1, 2, 3, �, 7 G�A  ])�%&'()=�(� 2 P�<� G�C�U���V 
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2.  %]ก$����#��ก���N-��	

��������e��*���*�N-��ก����
�����!4�������*�����+-� 1 !���
�#!� 

 
 �U���<C�J������� !!"�=$D#PF#�ก���$�%&'()EGQ��G�A  ��QA�%�t� kWh  =$DV��=^ก �F#��O�
])���<C�J !!"�&�&C (���E&��#�;�TN�Aก �)  C�%=$�Vก�V�'(�=$D%�'()NF�])�%&'()EGQ��P�<�  
(���E&��#�;�TN�Aก ก)  E�FATU��AJ%=$�Vก�V�'(�=$D%�'()NF� 1 G�.C.  *��#PFA<_$V�RR�G< G����B>
G�CG�A)�Q��#�A<_$ก��A<H��  
  
 E�A*�FC������� !!"�=$D#PF%m�$D�GQ)�'(�=$D%�'()NF� 1 G����%CG�  b^D�T<�H�ก�'(�h��%�$�Aก�� 
ก�Q�AT') %=$�VH�ก�'(�=$D%�'()NF�=$D%=Q�ก��  ])�%&'()=�(�&)�P�<�  H�กN�ก��A<H���VAQ�  C$E�A*�FC
T�F��T�^�ก��ก�VE�A*�FC])�ก��#PF������� !!"�%m�$D�#�ก���$�%&'()=�(� 2 P�<�])� 3 ]���
C�G�h��%&'() (���E&��#�G����=$D 6 E��G����=$D 7)  ก���$�%&'()%P<(GVI�IXE]�&�(��FA�%G��$� )�(U�H�
#PF������� !!"�%m�$D�=$D#PF#�ก���$�%&'()GQ)�'(�=$D%�'()NF� 1 G����%CG�&O�  �)���C�ก���$�%&'()%P<(G
VI�IXE]�&�(��FA�%G��$�E�F�, ก���$�%&'()*�*�&$%��')�VI�IXE]�&�(��FA�%G��$� )�(U�  E��ก���$�%&'()
*�*�&$%��')�VI�IXE]�&�(��FA�%G��$�E�F�  G�C�U���V  %����m���(���ก�<H��J�#�]F)�$(  ก�&�C��s
%��$�V �FAQ�ก���$�%&'()*�*�&$%��')�VI�IXE]�&�(��FA�%G��$�E�F���(�  &�C��s��������������
 !!"� �F&O�&I�  E��#�=��%�$�Aก��ก�&�C��sก�Q�A �FAQ�PQA�V��%=�N�ก��=VH�กA<กcGก��J>*�ก
�F)� �F&O�&I� 
 

!���
��* 6  &�I�TQ�%m�$D���<C�Jก��#PF������� !!"�%m�$D�=$D#PF#�ก���$�%&'()GQ)�'(�=$D%�'()NF� 1  
                  G����%CG� (kWh) #�ก���$�%&'()GQ) 1 G�A  #�EGQ��P�<�])�=�(� 3 ]���C�G�h�� M,  
                L E�� XL  *��=U�ก���$��FA�%G��$�E�F�   
 
 
 
 
 
 

�#����!L  )IJ�;OC<�F)�]J�=U�ก���$� T') 34-35°C  TA�CP'(�&�C��=_> 57% 
 

 

HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A)                        !!"�%m�$D�=$D#PFGQ)NF�1G�.C. 
���%;=%&'()                                    (kWh)    1 2 3 4 5 6 7 
%&'()%P<(GVI�IXE]�&�(�               0.064 0.054 0.049 0.047 0.045 0.045 0.043 
%&'()*�*�VI�IX&$%��')�E]�&�(�  0.032 0.027 0.023 0.021 0.021 0.020 0.018 
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!���
��* 7  &�I�TQ�%m�$D���<C�Jก��#PF������� !!"�%m�$D�=$D#PF#�ก���$�%&'()GQ)�'(�=$D%�'()NF� 1 G���� 
                  %CG� (kWh) #�ก���$�%&'()GQ) 1 G�A  #�EGQ��P�<�])�=�(� 3 ]���C�G�h�� M, L E��  
                XL  *��=U�ก���$��FA�%G��$� )�(U�   
 

HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A)                      !!"�%m�$D�=$D#PFGQ)NF�1G�.C. 
���%;=%&'()                                   (kWh)                                           1 2 3 4 5 6 7 
%&'()%P<(GVI�IXE]�&�(�               0.069 0.065 0.061 0.057 0.053 0.053 0.051 
%&'()*�*�VI�IX&$%��')�E]�&�(�  0.043 0.037 0.036 0.034 0.033 0.030 0.031 
 
�#����!L  )IJ�;OC<�F)�]J�=U�ก���$� T') 34-35°C  TA�CP'(�&�C��=_> 57% 
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�����* 8  ก��!E&��E�A*�FC������� !!"�%m�$D�GQ)�'(�=$D%�'()NF� 1 G����%CG�  ])�=�(� 3 ]��� 
               C�G�h��%&'()  #�ก���$�%&'()GQ)%&'() 1 G�A  �$�GQ)%�'D)�T��(��� 1, 2, 3, �, 7 G�A  ])�%&'()=�(�  
               2 P�<� G�C�U���V 
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"�.���� 
 
 %&'()*�*�&$%��')�VI�IXE]�&�(�=�(� 3 ]���C�G�h��  N�<GC�H�กs�ก#�&��%T����>  EVV T/K 
(polyester T/K type)  b^D�C$TIJ&CV�G<=$D%��')กAQ�%&'()%P<(GVI�IXE]�&�(�  b^D�N�<GH�ก�"��V�<&I=_<� (100% 
cotton)  T')C$TA�C�'���IQ�&O�กAQ�   CQ��(�G�C&QA�GQ���])��Q��ก��, =���V �F�$  E��%C'D)��Vก�&�C��sT'�
G�A#�F%�$�V �F�Q��กAQ�NF��"��V�<&I=_<� (B�$ก�RH��, 2546)  �FA����ก��&I�=F���$(  Ĥ�%�t���HH�����ก=$D=U�
#�F������� !!"�=$D#PF#�ก���$�%&'()*�*�&$%��')�VI�IXE]�&�(��������&O�กAQ�ก���$�%&'()%P<(GVI�IXE]�
&�(�  %�'D)�H�กNF�#�&��%T����>%�$�V �F�Q��กAQ�E��&�C��sT'�G�A#�Fก��VC�%�$�V �F�Q��กAQ�NF��"��
V�<&I=_<�  =�(��$(]^(�)�OQก�VTA�CPU���R])�NOF�$�  �AC=�(��I��<�<H#�ก���$�])�NOF�$��FA� 
 
 ��ก�<H��J�s^�����%A��#�ก���$�%&'()=�(� 2 P�<�E�FA H�กN�ก��A<H��H��VAQ� ����%A��
#�ก���$�%&'()=�(� 2 P�<���(�EGกGQ��ก�� (���E&��#�;��=$D 7)  s^�ECFAQ�ก���$�%&'()=�(� 2 P�<��FA�%G�
�$�E�F�H�&OR%&$�����%A��C�กกAQ�ก���$��FA�%G��$� )�(U�  EGQ��ก�<H��J�s^���<C�J�������
 !!"�=$D&�C��s������� AF �FE�FA  ก���$�%&'()�FA�%G��$�E�F�H�&�C��s�������������� !!"� 
 �F&O�กAQ�%G��$� )�(U� �F)�Q��P��%H�  b^D�%C'D)%=$�Vก�V����%A��=$D&OR%&$� �ก�V��<C�J�������
 !!"�=$D&�C��s������� �F  ��VAQ�TIFCTQ��<D���ก��กH�=U�ก���$��FA�%G��$�E�F�  *��%m���ก���$�
%&'()*�*�&$%��')�VI�IX�FA�%G��$�E�F�=$D&�C��s�������������� !!"� �F&O�s^� 64.7% กAQ�ก���$�
%&'()%P<(GVI�IXE]�&�(� 
 
 %G��$�=�(� 2 P�<�  =$D#PF#�ก��A<H����(�%�t�%G��$�=$D#PFก��#�T��A%�')�%�t��'(�h��  &;�A�]J�=U�
ก���$�Ĥ�%�t�&<D�&U�T�R#�ก��A<H��  )IJ�;OC<E��TA�CP'(�&�C��=_>%�t���HH�����กb^D�H�&Q�N�*��G��GQ)
��VV=U�TA�C�F)�])�%G��$�=�(� 2 P�<� ก�Q�AT') ��ก)IJ�;OC<����;���ก��=U�TA�C�F)�ENQ�TA�C
�F)�%G��$�H�%�<DC&O�]^(�  #�=��%�$�Aก����กTA�CP'(�&�C��=_>#�)�ก�B]J�=U�ก���$�%�<DC&O�]^(�  b^D�
TA�C�C��)$ก�����̂D�T')C$��<C�J�(U�#�)�ก�B%�<DC&O�]^(�  *���(U�#�)�ก�B�$(H�%�t�G�A%�<DC;���ก��=U�
TA�C�F)�ENQ�TA�C�F)�%G��$�#�F%�<DC&O�]^(�%PQ�%�$�Aก��  ;���ก��=U�TA�C�F)�=$D%�<DC]^(��$(T')ก��#PF
������� !!"�#�ก��=U�TA�C�F)�=$D%�<DC&O�]^(�  b^D�#�ก��A<H���$( �F=U�ก��กU����)IJ�;OC<E��TA�CP'(�
&�C��=_>  %=Q�ก�V 34-35°C  E�� 57% G�C�U���V   AF%�t�])V%]G#�ก��A<H��  %�'D)�H�ก=�(� 2 TQ� ���ก�Q�A  
%�t�TQ�=$D)�OQ#�PQA�%�')� ก������ p GI��TC �.B. 2550  b^D�%�t�PQA�=$D#PF=U�ก��A<H�� 
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 H�กN�ก��A<H��  ก���$�%&'()T��(��� 7 G�AGQ)%�'D)�ก��  *���U�]F)CO�H�ก���A<H��C�T<�#�����V 
C�;�T  H�กHU��A�T� =�  b^D����ก)V�FA�  P��#�PQA�)��I���AQ�� 15 p 65 �q (A��=U����) =$DC$ก��&�I� 
J �q �.B.2549 H�กก�Cก���กT�)�  ก��=�A�C��� =� C$HU��A� 21,664,551 T� (���E&��#�
;�TN�Aก ก)  E���R<�=$D&�C��s&AC#&Q%&'()  #�]���])�NOFP�� �F  T<�%�t��F)��� 20 ])�HU��A�P��
#�PQA�)��I���ก�Q�A H�%=Q�ก�V 4,332,910 T�  T<�%�t�T� =�=�(�&<(� 25,997,461 T�  *��T� =�=IกT�#�
]F)CO�=$D)F��)<����ก�Q�A]F��GF�  ���C�%��$D���cG<ก��Cก��&AC#&Q%&'()H�ก%&'()%P<(GE]�&�(�C�%�t�%&'()
*�*�&$%��')�E]�&�(�  E��=U�ก���$�%&'()=$D#PF&AC#&Q���ก�Q�A 7 A��GQ)T��(���� 7 G�A  H��VAQ���ก=U�
ก���$�%&'()=$D&AC#&Q�FA�%G��$�E�F�  T� =� 1 T� H��������������� !!"� �F 0.026 kWh/G�A  E��#�
����%A�� 365 A��  HU��A� 25,997,461 T�  H�&�C��s�������������� !!"� �F&O�s^� 246,715,904.89 
kWh/�q  T<�%�t�CO�TQ��q�� 542,774,990.76 V�=  *��T<�H�กTQ���=I�E��%P'()%��<�N�<G %m�$D���QA��� 
2.20 V�= (ก!N., 2547)  ������� !!"�=$D&�C��s�������%=$�V%=Q�*��N�<G������� !!"�]��� 35 
%Cกก�A�GG>  (กU����#�F*����� !!"�=U�ก��N�<G������� !!"�  HU��A� 7,000 P�DA*C�GQ)�q)  H�T<�%�t�
TQ�กQ)&�F����V����F��V�=  b^D�H� CQ%ก<�C�;�A�  E��=$D&U�T�R=$D&I���(���<C�J������� !!"� 
246,715,904.89 kWh/�q  =$D&�C��s������� �F��(�  %=$�V%=Q�กa�bT��>V)� �))ก b�> (carbon emission)  
HU��A� 150,496.7 G��  *��T<�H�กก��N�<G������� !!"� 1 kWh H�ก%P'()%��<�!)&b<�  H������Q)�
T��>V)� �))ก b�> 0.61 kg/kWh (Barbour, 2000)  b^D���กT��>V)� �))ก b�>%��Q��$( �F��Q)�))ก&OQ
P�(�V����ก�BE�FA  H�&Q�N�ก��=VGQ)*�ก])�%��=IกT�)�Q��C��B��   
 
 H�ก]F)CO�])�ก��A<H�����ก�Q�A  ������� !!"�=$DH��QACPQA�ก��������� �F��(�  &�C��s=U� �F
*���Q��  %�$��EGQ=IกT����V%��$D���cG<ก��Cก��&AC#&Q%&'()NF�  H�ก%&'()%P<(GE]�&�(�C�%�t�%&'()*�*�&$
%��')�E]�&�(�  %�$��%=Q��$(ก�H�%�t�ก���QACPQA�กOFA<กcG*�ก�F)� �F  E����ก=U�ก���$�%&'()*�*�&$%��')�
E]�&�(��FA�%G��$�E�F�&�����>�� 1 T��(�%�'D)&AC#&Q#�=Iก�A��E�FA  H�&�C��s�������������� !!"�
=$D#PF �FC�กกAQ�ก���$��FA�%G��$� )�(U�)�Q��P��%H�  %�'D)�H�ก������� !!"�%m�$D�=$D#PF#�ก���$�GQ)%&'() 1 
G�A��(�EGกGQ��ก��s^� 64.7%  ��ก=U� �FH�&�C��s�������������� !!"� �F��V�F)��F�� kWh  
�������TQ�������� !!"�#�Fก�V���%=BP�G< �F��V�����F)��F��V�=GQ)�q   
 
 ��ก�U�������� !!"�=$D&�C��s������� �F�U�C�%��$�V%=$�Vก�Vก��&�F��*��N�<G
ก��E& !!"�  P�G<H���������V���C�J��V����F��V�=#�ก��H��&�F��*��N�<Gก��E& !!"� )$ก=�(�
�������=�����ก�=�(�#��O�])�%�<��V���C�JE��#��O�])�=�����ก�_��CP�G< �FC�ก%=Q�=A$TOJ  
%�t�ก��)�I��กX>=�����ก�_��CP�G<EVVVO�J�ก��  �OFH�กก��#PF=�����ก�_��CP�G<)�Q��P�Rm���  �OFH�ก
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ก��#PF=�����ก�_��CP�G<)�Q��TIFCTQ�&O�&I�  E���OFH�กก��#PF=�����ก�_��CP�G<)�Q���)%�$��  %�'D)
�<=�กX>&<D�EA��F)C])����%=BP�G<E��&<D�EA��F)C*�ก])��Aก%�� AF  #�F�Oก����])��Aก%��E��T�
=$D%����ก �FC$=�����ก�_��CP�G<=$D�$ �FC$=$Dก<� �FC$=$D)�OQ)�B��V�*�ก])��Aก%��#V�$(G�)� � 
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��L�3��M-�����3�� 

 
��L� 

 
 H�กN�ก��A<H��  H��VAQ�  ��ก=U�ก���$�%&'()T��(��� 7 G�AGQ)%�'D)�ก��  ก���$�%&'()=�(� 2 P�<�
�FA�%G��$�E�F�  H��������������� !!"�%m�$D�=�(� 3 ]���%&'()กAQ�ก���$��FA�%G��$� )�(U�%m�$D� 
G�A�� 0.026 kWh  *��%&'()%P<(GVI�IXE]�&�(�H��������������� !!"�กAQ� 18.6%  E��%&'()*�*�&$
%��')�VI�IXE]�&�(�H��������กAQ����C�J 64.7%  E��&QA�GQ��])�������� !!"�=$D%��&�C��s
��������� �F])�ก���$�%&'()%P<(GVI�IXE]�&�(�E��%&'()*�*�VI�IXE]�&�(��FA�%G��$� )�(U�%m�$D�G�A�� 
0.023 kWh 
 
 ����%A��#�ก���$�])�%&'()=�(� 2 P�<�  �FA�%G��$� )�(U�  s^�ECFH�&�(�กAQ�ก���$��FA�%G��$�
E�F�ก�G�C  ��ก�<H��J�s^���<C�J������� !!"�=$D&�C��s������� �F  *��%m���ก���$�%&'()
*�*�&$%��')�E]�&�(�VI�IX�FA�%G��$�E�F�=$D&�C��s���������� !!"� �FC�กกAQ�ก���$��FA�%G��$�
 )�(U�s^� 64.7% E�FA  %&$�%A��%�<DC)$ก�<�EGQ&�C��s�������������� !!"� �F)�Q��C�ก  Ĥ�TIFCTQ�
%�t�)�Q���<D�  E��PQA�V��%=�A<กcGก��J>*�ก�F)� �F)$ก=����̂D�  *��ก���$�%&'()*�*�&$%��')�
E]�&�(�VI�IX�FA�%G��$�E�F�H�#PF����%A��#�ก���$�%m�$D�GQ) 1 G�A�F)�=$D&I� 
 
 ������� !!"�=$D#PF �#�ก���$�GQ)]����'(�=$D%�'()NF�=$D%=Q�ก�� T') 1 G����%CG�  ก�%PQ�%�$�Aก��
ก�V��<C�J������� !!"�%m�$D�=$D#PF �#�ก���$�%&'()EGQ��P�<�=�(� 3 ]���  ��D�T')  ก���$�%&'()*�*�&$
%��')��FA�%G��$�_��C��&�C��s�������������� !!"� �F&O�&I�  Ĥ�%�C��&C)�Q���<D�=$D�U�E�A=��ก��
��<V�G<�$(C�#PF#�P$A<G���HU�A��])��Aก%��  H�กTIJ&CV�G<])�%�'()NF�s�ก#�&��%T����>  EVV T/K   
=$D�U�C�N�<G%�t�%&'()*�*�&$%��')�VI�IXE]�&�(�  *��%m���E]�&�(�=$D%�C��&CGQ)&;��)�ก�B%C')��F)�
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กQ)#�F%ก<���<C�Jกa�b%�')�ก��Hก#�P�(�V����ก�B])�*�ก#�)�G��=$DGDU���  E��%�t�ก��V��%=�
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+�"ก��* ก1  E&��]���C�G�h��])�%&'()P�<�*�*�VI�IXE]�&�(�   
 

 &QA�])�%&'() 
]���%&'()  

�)VT)  
(�<(A) 

�)V)ก  
(�<(A) 

 ��QกAF��  
(�<(A) 

G�A��A  
(�<(A) 

E]�%&'()��A  
(�<(A) 

M  
(Medium) 

 
14 

 
40 

16
4

3   
27 

8
2

1  

L  
(Large) 

14
2

1   
42 

17
2

1  27
2

1   
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XL  
(Extra Large) 
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��*#� :  กC� (2534) 
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 &QA�])�%&'() 
]���%&'()  

�)VT)  
(�<(A) 

�)V)ก  
(�<(A) 

 ��QกAF��  
(�<(A) 

G�A��A  
(�<(A) 

E]�%&'()��A  
(�<(A) 

M  
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3   
29 
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L  
(Large) 
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1   
45 
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1   
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XL  
(Extra Large) 
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18
4

3   
30 
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1  

 

�#����!L : ก��A��&QA�GQ���])�%&'()G�CC�G�h��C$ ����$( (A��IJ$, 2531) 
 -�)VT) T') A��T)*���)V#�FNQ��VI�CT)�^กT)��F�E���I�CT)���� 

 -�)V)ก T') A��)ก*���)VNQ���)�)ก=�(� 2 ]F�� 
 - ��QกAF�� T') A���F������H�ก ��Q�F����̂D� �������� ��Q)$ก]F����̂D� 
 -G�A��A T') )�HA��H�ก�F����F���')�F������ %�<DC=$DHI�]F��T)��C����HI�TA�C��AG�A%&'() 
 -E]�%&'()��A T') A��%�<DCH�ก�I�C ��Q  =�V��C�ก���E]�  A��s^�����E]� 
��*#�:  กC� (2534) 
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+�"ก��* ก3  E&���'(�=$D%�'()NF�#�EGQ��&QA�])�%&'()P�<�*�*�VI�IXE]�&�(� 
 

 &QA�])�%&'() 
]���%&'()  

ENQ���F�  
(G�.C.) 

ENQ����� 
(G�.C.) 

E]� 
(G�.C.) 

�ก%&'() 
(G�.C.) 

�AC 
(G�.C.) 

M  
(Medium) 

0.3338 0.3366 0.1760 0.0355 0.8819 

L  
(Large) 

 0.3587 0.3618 0.1840 0.0370 0.9415 

XL  
(Extra Large) 

0.3803 0.3836 0.1840 0.0380 0.9859 

 

��*#� :  A��IJ$ (2531) 
 
!���
+�"ก��* ก4  E&���'(�=$D%�'()NF�#�EGQ��&QA�])�%&'()P�<�%P<(GVI�IXE]�&�(� 
 
 
 
 
 
 
 
 
 
 
 
 
 

��*#�:  A��IJ$ (2531) 
 
 
 
 
 

 &QA�])�%&'() 

]���%&'()  

ENQ���F�  
(G�.C.) 

ENQ����� 
(G�.C.) 

E]� 
(G�C.) 

&�VVQ� 
(G�C.) 

�ก%&'() 
(G�C.) 

h��T) 
(G�C.) 

�AC 
(G�C.) 

M 
(Medium) 

0.3354 0.3588 0.1760 0.0440 0.0176 0.0132 0.9450 

L 
(Large) 

0.3612 0.3864 0.1848 0.0460 0.0184 0.0138 0.9922 

XL 
(Extra Large) 

0.3915 0.4118 0.2016 0.0470 0.0235 0.0141 1.0895 
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+�"ก��* ก5  &�I��'(�=$D%�'()NF�])�%&'()P�<�*�*�VI�IXE]�&�(�E��%&'()P�<�%P<(GVI�IXE]�&�(�   
                              ]��� M, L, XL G�C�U���V 
 

 
]���%&'() 

�'(�=$D%�'()NF�])�%&'()P�<� 
*�*�VI�IXE]�&�(� (G�.C./G�A) 

�'(�=$D%�'()NF�])�%&'()P�<� 
%P<(GVI�IXE]�&�(� (G�.C./G�A) 

M  (Medium) 0.8819 0.9450 
L  (Large) 0.9415 0.9922 

XL  (Extra Large) 0.9859 1.0895 
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 A<_$ก��b�ก%&'()=�(� 2 P�<�#�EGQ��]���C�G�h�� M, L E�� XL  ;������H�กก���$� 
%&��H&<(� (=A$��&C<�, 2547) 
  
 1.  �U�%&'()=$DNQ��ก���$�E�FA  C�b�ก*��E�กG�CP�<�])�%&'()=$D#PF#�ก��A<H��  ก�Q�AT')  E�ก
%�t� 2 ���%;= T') %&'()*�*�&$%��')�VI�IXE]�&�(�  E��%&'()%P<(GVI�IXE]�&�(�  E��%�<DCGF�ก��b�ก
�FA�ก�������N�b�ก!)ก#��(U�  E�FAEPQ%&'()EGQ�����%;==<(� AF���C�J 10 p 15 ��=$  H�ก��(�#PF
E���b�กNF�E���V�<%AJT)%&'()E��E]�%&'()G�C�U���V  E�FA]�U�����T��(��กQ)�V$V�(U�))ก 
 
 2.  ]�U�%&'()H�ก]F) 1. #��(U�%��Q�&�)��H��C�!)�])�N�b�ก!)ก  H�ก��(�V<�#�FE�F�  
��กEGQ CQGF)�V<�E��H�%ก<� �   
 
 3.  &�V��%&'()=IกG�AกQ)�G�ก  *��#PF CFE]A�%&'()E�FAG�กก�V��AG�กNF�   CQG�ก*��
E&�E��H�%ก<� �  ก�Q�AT')G�ก#�FE�F�#��QCsOกE&�E��VF��������� 
 
 4.  %ก�V%&'()%C'D)E�F�  E�� CQG�กE�����%ก<� �  %�'D)�H�กTA�C�F)�H�=U�#�F%&F��F��#�
%�'()NF�%&'D)C&;��%��A  H�ก��(�E]A�%ก�V AF  %�'D)�)ก���$�GQ) � 
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HU��A����P�ก� =�%�BP��  #�PQA�)��I 15-65 �q 
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+�"ก��* 01  E&��HU��A����P�ก�%�BP��  E�กG�CPQA�)��I�q#����%=B =�  %m���NOFC$ 
                              &�RP�G< =�E��C$P'D))�OQ#�=�%V$��VF�� 
 

)��I HU��A� (T�) 

15 �q 496,408 

16 �q 489,120 

17 �q 469,177 

18 �q 458,708 

19 �q 455,691 

20 �q 469,681 

21 �q 484,153 

22 �q 489,650 

23 �q 501,625 

24 �q 520,755 

25 �q 522,371 

26 �q 534,524 

27 �q 536,240 

28 �q 518,064 

29 �q 545,331 

30 �q 537,649 

31 �q 529,020 

32 �q 537,473 

33 �q 527,358 

34 �q 544,396 

35 �q 551,549 
 
��*#�:  ก�Cก���กT�)�  ก��=�A�C��� =� (2549) 
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+�"ก��* 01 (GQ))  E&��HU��A����P�ก�%�BP��  E�กG�CPQA�)��I�q#����%=B =�   
                                       %m���NOFC$&�RP�G< =�E��C$P'D))�OQ#�=�%V$��VF�� 
 

)��I HU��A� (T�) 

36 �q 540,193 

37 �q 530,920 

38 �q 549,853 

39 �q 526,079 

40 �q 514,117 

41 �q 520,395 

42 �q 519,541 

43 �q 489,019 

44 �q 480,617 

45 �q 457,672 

46 �q 456,970 

47 �q 440,085 

48 �q 400,955 

49 �q 393,004 

50 �q 395,390 

51 �q 377,524 

52 �q 331,745 

53 �q 327,735 

54 �q 312,630 

55 �q 289,029 

56 �q 287,116 
 
��*#�:  ก�Cก���กT�)�  ก��=�A�C��� =� (2549) 
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!���
+�"ก��* 01 (GQ))  E&��HU��A����P�ก�%�BP��  E�กG�CPQA�)��I�q#����%=B =�  %m���
              NOFC$&�RP�G< =�E��C$P'D))�OQ#�=�%V$��VF�� 
 

)��I HU��A� (T�) 

57 �q 263,831 

58 �q 239,197 

59 �q 224,039 

60 �q 204,037 

61 �q 180,660 

62 �q 190,202 

63 �q 161,263 

64 �q 181,180 

65 �q 160,610 
   
��*#�:  ก�Cก���กT�)�  ก��=�A�C��� =� (2549) 
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����%A��   ��<C�J !!"�=$D#PF#�ก���$�%&'()#�ก��A<H��  =Iก]���  �FA�%G��$�E�F�E��%G��$� )�(U�  

�AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'()GQ)�'(�=$D%�'()NF� 1 G����%CG� 
)IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
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!���
+�"ก��* 
1 ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]���    
                             M HU��A� 1 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                             GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 35 6 35 0.030 0.030 0.034 35 57 
 TQ�%m�$D� 6 35 TQ�%m�$D� 0.030  

 
!���
+�"ก��* 
2  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]���    
                              M HU��A� 2 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 38 6 38 0.030 0.030 0.034 34 57 

2 13 08 6 30 0.050 0.020 0.028 34 57 
 TQ�%m�$D� 6 34 TQ�%m�$D� 0.025  
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!���
+�"ก��* 
3  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]��� M    
                              HU��A� 3 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 40 6 40 0.030 0.030 0.034 34 57 

2 13 10 6 30 0.050 0.020 0.028 34 57 

3 19 47 6 37 0.065 0.015 0.025 34 57 
 TQ�%m�$D� 6 36 TQ�%m�$D� 0.022  

 
!���
+�"ก��* 
4  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]���    
                              M HU��A� 4 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 45 6 45 0.030 0.030 0.034 34 57 

2 13 02 6 38 0.050 0.020 0.028 34 57 

3 19 42 6 40 0.065 0.015 0.025 34 57 

4 26 16 6 34 0.080 0.015 0.023 34 57 
 TQ�%m�$D� 6 34 TQ�%m�$D� 0.020  
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!���
+�"ก��* 
5  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]���    
                              M HU��A� 5 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 40 6 40 0.030 0.030 0.034 34 57 

2 13 14 6 35 0.050 0.020 0.028 34 57 

3 19 44 6 30 0.065 0.015 0.025 34 57 

4 26 21 6 37 0.080 0.015 0.023 34 57 

5 32 56 6 35 0.095 0.015 0.022 34 57 
 TQ�%m�$D� 6 35 TQ�%m�$D� 0.019  
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!���
+�"ก��* 
6  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]���    
                              M HU��A� 6 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 37 6 37 0.030 0.030 0.034 35 57 

2 13 12 6 35 0.050 0.020 0.028 35 57 

3 19 46 6 34 0.065 0.015 0.025 35 57 

4 26 16 6 30 0.080 0.015 0.023 35 57 

5 32 53 6 37 0.095 0.015 0.022 35 57 

6 39 26 6 33 0.110 0.015 0.021 35 57 
 TQ�%m�$D� 6 34 TQ�%m�$D� 0.018  
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!���
+�"ก��* 
7  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]���    
                              M HU��A� 7 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 30 6 30 0.030 0.030 0.034 35 57 

2 13 07 6 37 0.050 0.020 0.028 35 57 

3 19 42 6 35 0.065 0.015 0.025 35 57 

4 26 14 6 32 0.080 0.015 0.023 35 57 

5 32 54 6 40 0.095 0.015 0.022 35 57 

6 39 27 6 33 0.110 0.015 0.021 35 57 

7 45 56 6 29 0.120 0.010 0.019 35 57 
 TQ�%m�$D� 6 34 TQ�%m�$D� 0.017  

 
!���
+�"ก��* 
8  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]���    
                              L HU��A� 1 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 40 6 40 0.030 0.030 0.032 35 57 
 TQ�%m�$D� 6 40 TQ�%m�$D� 0.030  
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!���
+�"ก��* 
9  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  ]���    
                              L HU��A� 2 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 44 6 44 0.030 0.030 0.032 34 57 

2 13 23 6 39 0.050 0.020 0.027 34 57 
 TQ�%m�$D� 6 42 TQ�%m�$D� 0.025  

 
!���
+�"ก��* 
10  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                ]��� L HU��A� 3 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 45 6 45 0.030 0.030 0.032 34 57 

2 13 23 6 38 0.050 0.020 0.027 34 57 

3 19 53 6 30 0.065 0.015 0.023 34 57 
 TQ�%m�$D� 6 38 TQ�%m�$D� 0.022  
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!���
+�"ก��* 
11  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                ]��� L HU��A� 4 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 49 6 49 0.030 0.030 0.032 34 57 

2 13 24 6 35 0.050 0.020 0.027 34 57 

3 19 57 6 33 0.065 0.015 0.023 34 57 

4 26 36 6 39 0.080 0.015 0.021 34 57 
 TQ�%m�$D� 6 39 TQ�%m�$D� 0.020  

 

!���
+�"ก��* 
12  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                ]��� L HU��A� 5 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 47 6 47 0.030 0.030 0.032 34 57 

2 13 27 6 40 0.050 0.020 0.027 34 57 

3 20 02 6 35 0.065 0.015 0.023 34 57 

4 26 40 6 38 0.080 0.015 0.021 34 57 

5 33 14 6 34 0.095 0.015 0.020 34 57 
 TQ�%m�$D� 6 39 TQ�%m�$D� 0.019  
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+�"ก��* 
13  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                ]��� L HU��A� 6 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 33 6 33 0.030 0.030 0.032 35 57 

2 13 10 6 37 0.050 0.020 0.027 35 57 

3 19 50 6 40 0.065 0.015 0.023 35 57 

4 26 25 6 35 0.080 0.015 0.021 35 57 

5 32 57 6 32 0.095 0.015 0.020 35 57 

6 39 33 6 36 0.110 0.015 0.019 35 57 
 TQ�%m�$D� 6 36 TQ�%m�$D� 0.018  
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+�"ก��* 
14  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                ]��� L HU��A� 7 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 35 6 35 0.030 0.030 0.032 35 57 

2 13 08 6 33 0.050 0.020 0.027 35 57 

3 19 38 6 39 0.065 0.015 0.023 35 57 

4 26 12 6 34 0.080 0.015 0.021 35 57 

5 32 44 6 32 0.095 0.015 0.020 35 57 

6 39 21 6 37 0.110 0.015 0.019 35 57 

7 46 00 6 39 0.120 0.010 0.018 35 57 
 TQ�%m�$D� 6 34 TQ�%m�$D� 0.017  

 
!���
+�"ก��* 
15  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                    ]��� XL HU��A� 1 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 45 6 45 0.030 0.030 0.030 35 57 
 TQ�%m�$D� 6 45 TQ�%m�$D� 0.030  
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!���
+�"ก��* 
16 ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                   ]��� XL HU��A� 2 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                   ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 51 6 51 0.030 0.030 0.030 34 57 

2 13 34 6 43 0.050 0.020 0.025 34 57 
 TQ�%m�$D� 6 47 TQ�%m�$D� 0.025  

 
!���
+�"ก��* 
17 ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                   ]��� XL HU��A� 3 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                   ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 50 6 50 0.030 0.030 0.030 34 57 

2 13 32 6 42 0.050 0.020 0.025 34 57 

3 20 17 6 45 0.065 0.015 0.022 34 57 
 TQ�%m�$D� 6 46 TQ�%m�$D� 0.022  
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!���
+�"ก��* 
18 ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                   ]��� XL HU��A� 4 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 45 6 45 0.030 0.030 0.030 34 57 

2 13 45 7 00 0.050 0.020 0.025 34 57 

3 20 25 6 40 0.065 0.015 0.022 34 57 

4 27 02 6 37 0.080 0.015 0.020 34 57 
 TQ�%m�$D� 6 46 TQ�%m�$D� 0.020  

 
!���
+�"ก��* 
19  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                    ]��� XL HU��A� 5 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 50 6 50 0.030 0.030 0.030 34 57 

2 13 35 6 45 0.050 0.020 0.025 34 57 

3 20 22 6 47 0.065 0.015 0.022 34 57 

4 27 02 6 40 0.080 0.015 0.020 34 57 

5 33 43 6 41 0.100 0.020 0.020 34 57 
 TQ�%m�$D� 6 45 TQ�%m�$D� 0.020  
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!���
+�"ก��* 
20  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                   ]��� XL HU��A� 6 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                   ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 37 6 37 0.030 0.030 0.030 35 57 

2 13 17 6 40 0.050 0.020 0.025 35 57 

3 20 01 6 44 0.065 0.015 0.022 35 57 

4 26 40 6 39 0.080 0.015 0.020 35 57 

5 33 16 6 36 0.095 0.015 0.019 35 57 

6 39 58 6 42 0.110 0.015 0.019 35 57 
 TQ�%m�$D� 6 40 TQ�%m�$D� 0.018  
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!���
+�"ก��* 
21  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�   
                                    ]��� XL HU��A� 7 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 38 6 38 0.030 0.030 0.030 34 57 

2 13 17 6 39 0.050 0.020 0.025 34 57 

3 20 00 6 43 0.065 0.015 0.022 34 57 

4 26 40 6 40 0.080 0.015 0.020 34 57 

5 33 16 6 36 0.095 0.015 0.019 34 57 

6 39 58 6 42 0.110 0.015 0.019 34 57 

7 46 35 6 37 0.125 0.015 0.018 34 57 
 TQ�%m�$D� 6 39 TQ�%m�$D� 0.018  
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!���
+�"ก��* 
22  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                               ]��� M HU��A� 1 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                               �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 49 6 49 0.060 0.060 0.064 35 57 
 TQ�%m�$D� 6 49 TQ�%m�$D� 0.060  

 
!���
+�"ก��* 
23  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� M HU��A� 2 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�  
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 47 6 47 0.060 0.060 0.064 34 57 

2 13 36 6 49 0.105 0.045 0.055 34 57 
 TQ�%m�$D� 6 48 TQ�%m�$D� 0.053  
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!���
+�"ก��* 
24  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� M HU��A� 3 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 42 6 42 0.060 0.060 0.064 34 57 

2 13 33 6 51 0.105 0.045 0.055 34 57 

3 20 17 6 44 0.145 0.040 0.051 34 57 
 TQ�%m�$D� 6 46 TQ�%m�$D� 0.048  

 
!���
+�"ก��* 
25  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� M HU��A� 4 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 50 6 50 0.060 0.060 0.064 34 57 

2 13 36 6 46 0.100 0.040 0.053 34 57 

3 20 21 6 45 0.140 0.040 0.049 34 57 

4 27 10 6 49 0.180 0.040 0.048 34 57 
 TQ�%m�$D� 6 48 TQ�%m�$D� 0.045  
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!���
+�"ก��* 
26  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� M HU��A� 5 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 

����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 47 6 47 0.060 0.060 0.064 34.5 57 

2 13 28 6 41 0.100 0.040 0.053 34.5 57 

3 20 14 6 46 0.140 0.040 0.049 34.5 57 

4 26 58 6 44 0.180 0.040 0.048 34.5 57 

5 33 47 6 49 0.220 0.040 0.047 34.5 57 
 TQ�%m�$D� 6 45 TQ�%m�$D� 0.044  
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!���
+�"ก��* 
27  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� M HU��A� 6 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 43 6 43 0.060 0.060 0.064 35 57 

2 13 28 6 45 0.100 0.040 0.053 35 57 

3 20 15 6 47 0.140 0.040 0.049 35 57 

4 26 56 6 41 0.180 0.040 0.048 35 57 

5 33 45 6 49 0.220 0.040 0.047 35 57 

6 40 26 6 41 0.260 0.040 0.046 35 57 
 TQ�%m�$D� 6 44 TQ�%m�$D� 0.043  
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!���
+�"ก��* 
28  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� M HU��A� 7 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 47 6 47 0.060 0.060 0.064 35 57 

2 13 32 6 45 0.100 0.040 0.053 35 57 

3 20 18 6 46 0.140 0.040 0.049 35 57 

4 27 06 6 48 0.180 0.040 0.048 35 57 

5 33 52 6 46 0.220 0.040 0.047 35 57 

6 40 33 6 41 0.260 0.040 0.046 35 57 

7 47 12 6 39 0.295 0.035 0.045 35 57 
 TQ�%m�$D� 6 45 TQ�%m�$D� 0.042  

 
!���
+�"ก��* 
29  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� L HU��A� 1 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 50 6 50 0.065 0.065 0.066 35 57 
 TQ�%m�$D� 6 50 TQ�%m�$D� 0.065  



 
 

 

 
82 

!���
+�"ก��* 
30  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� L HU��A� 2 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 53 6 53 0.065 0.065 0.066 34 57 

2 13 40 6 47 0.105 0.040 0.053 34 57 
 TQ�%m�$D� 6 50 TQ�%m�$D� 0.053  

 
!���
+�"ก��* 
31  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� L HU��A� 3 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 51 6 51 0.065 0.065 0.066 34 57 

2 13 38 6 47 0.105 0.040 0.053 34 57 

3 20 21 6 43 0.145 0.040 0.049 34 57 
 TQ�%m�$D� 6 47 TQ�%m�$D� 0.048  
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!���
+�"ก��* 
32  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�  ]��� L 
                                HU��A� 4 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 49 6 49 0.065 0.065 0.066 34 57 

2 13 34 6 45 0.105 0.040 0.053 34 57 

3 20 20 6 46 0.145 0.040 0.049 34 57 

4 27 07 6 47 0.185 0.040 0.047 34 57 
 TQ�%m�$D� 6 47 TQ�%m�$D� 0.046  
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!���
+�"ก��* 
33  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� L HU��A� 5 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 47 6 47 0.065 0.065 0.066 34 57 

2 13 28 6 41 0.105 0.040 0.053 34 57 

3 20 14 6 46 0.145 0.040 0.049 34 57 

4 26 58 6 44 0.185 0.040 0.047 34 57 

5 33 47 6 49 0.225 0.040 0.045 34 57 
 TQ�%m�$D� 6 45 TQ�%m�$D� 0.045  
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!���
+�"ก��* 
34  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� L HU��A� 6 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 43 6 43 0.065 0.065 0.066 35 57 

2 13 23 6 40 0.105 0.040 0.053 35 57 

3 20 00 6 37 0.145 0.040 0.049 35 57 

4 26 43 6 43 0.185 0.040 0.047 35 57 

5 33 28 6 45 0.225 0.040 0.045 35 57 

6 40 16 6 48 0.265 0.040 0.045 35 57 
 TQ�%m�$D� 6 43 TQ�%m�$D� 0.044  
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!���
+�"ก��* 
35  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                ]��� L HU��A� 7 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก�� 
                                �$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 47 6 47 0.065 0.065 0.066 35 57 

2 13 35 6 48 0.105 0.040 0.053 35 57 

3 20 23 6 48 0.145 0.040 0.049 35 57 

4 27 07 6 44 0.185 0.040 0.047 35 57 

5 33 52 6 45 0.225 0.040 0.045 35 57 

6 40 34 6 42 0.265 0.040 0.045 35 57 

7 47 14 6 40 0.300 0.035 0.043 35 57 
 TQ�%m�$D� 6 45 TQ�%m�$D� 0.043  
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!���
+�"ก��* 
36  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                    ]��� XL HU��A� 1 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 54 6 54 0.070 0.070 0.064 35 57 
 TQ�%m�$D� 6 54 TQ�%m�$D� 0.070  

 
!���
+�"ก��* 
37  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                    ]��� XL HU��A� 2 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 55 6 55 0.070 0.070 0.064 34 57 

2 13 42 6 47 0.120 0.050 0.055 34 57 
 TQ�%m�$D� 6 51 TQ�%m�$D� 0.060  
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!���
+�"ก��* 
38  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                    ]��� XL HU��A� 3 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 54 6 54 0.070 0.070 0.064 34 57 

2 13 43 6 49 0.120 0.050 0.055 34 57 

3 20 30 6 47 0.165 0.045 0.051 34 57 
 TQ�%m�$D� 6 50 TQ�%m�$D� 0.055  

 
!���
+�"ก��* 
39  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                    ]��� XL HU��A� 4 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 49 6 49 0.070 0.070 0.064 34 57 

2 13 36 6 47 0.120 0.050 0.055 34 57 

3 20 26 6 50 0.165 0.045 0.051 34 57 

4 27 11 6 45 0.205 0.040 0.047 34 57 
 TQ�%m�$D� 6 48 TQ�%m�$D� 0.051  
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!���
+�"ก��* 
40  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                    ]��� XL HU��A� 5 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                     ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)� E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 51 6 51 0.070 0.070 0.064 34 57 

2 13 45 6 54 0.120 0.050 0.055 34 57 

3 20 32 6 47 0.160 0.040 0.049 34 57 

4 27 18 6 46 0.200 0.040 0.046 34 57 

5 34 07 6 49 0.240 0.040 0.044 34 57 
 TQ�%m�$D� 6 49 TQ�%m�$D� 0.048  
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!���
+�"ก��* 
41  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                    ]��� XL HU��A� 6 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 51 6 51 0.070 0.070 0.064 35 57 

2 13 38 6 47 0.120 0.050 0.055 35 57 

3 20 24 6 46 0.160 0.040 0.049 35 57 

4 27 14 6 50 0.200 0.040 0.046 35 57 

5 33 59 6 45 0.240 0.040 0.044 35 57 

6 40 45 6 46 0.280 0.040 0.043 35 57 
 TQ�%m�$D� 6 48 TQ�%m�$D� 0.047  
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!���
+�"ก��* 
42  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(�   
                                    ]��� XL HU��A� 7 G�A    �FA�%G��$�E�F�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                    ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 6 50 6 50 0.070 0.070 0.064 35 57 

2 13 36 6 46 0.120 0.050 0.055 35 57 

3 20 21 6 45 0.160 0.040 0.049 35 57 

4 27 09 6 48 0.200 0.040 0.046 35 57 

5 33 55 6 46 0.240 0.040 0.044 35 57 

6 40 44 6 49 0.280 0.040 0.043 35 57 

7 47 31 6 47 0.315 0.035 0.041 35 57 
 TQ�%m�$D� 6 47 TQ�%m�$D� 0.045  
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!���
+�"ก��* 
43  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� M                    
                                HU��A� 1 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 35 4 35 0.040 0.040 0.045 35 57 
 TQ�%m�$D� 4 35 TQ�%m�$D� 0.040  

 
!���
+�"ก��* 
44  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  
                                    ]��� M HU��A� 2 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                     ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)� E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 42 4 42 0.040 0.040 0.045 34 57 

2 9 12 4 30 0.070 0.030 0.040 34 57 
 TQ�%m�$D� 4 36 TQ�%m�$D� 0.035  
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!���
+�"ก��* 
45  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  
                                    ]��� M HU��A� 3 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                     ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)� E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 40 4 40 0.040 0.040 0.045 34 57 

2 9 11 4 31 0.070 0.030 0.040 34 57 

3 13 49 4 38 0.100 0.030 0.038 34 57 
 TQ�%m�$D� 4 36 TQ�%m�$D� 0.033  

 
!���
+�"ก��* 
46  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� M 
                                HU��A� 4 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$�     
                    

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 

����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 39 4 39 0.040 0.040 0.045 34 57 

2 9 26 4 47 0.070 0.030 0.040 34 57 

3 13 56 4 30 0.100 0.030 0.038 34 57 

4 18 33 4 37 0.125 0.025 0.036 34 57 

 TQ�%m�$D� 4 38 TQ�%m�$D� 0.031  
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!���
+�"ก��* 
47  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� M 
                                HU��A� 5 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก��  �$� 
                             

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 36 4 36 0.040 0.040 0.045 35 57 

2 9 15 4 39 0.070 0.030 0.040 35 57 

3 13 55 4 40 0.100 0.030 0.038 35 57 

4 18 25 4 30 0.125 0.025 0.036 35 57 

5 23 00 4 35 0.150 0.025 0.034 35 57 
 TQ�%m�$D� 4 36 TQ�%m�$D� 0.030  
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!���
+�"ก��* 
48  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(�  
                                     ]��� M HU��A� 6 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� 
                                      ก���$�%&'()GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
 

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 30 4 30 0.040 0.040 0.045 35 57 

2 9 05 4 35 0.070 0.030 0.040 35 57 

3 13 38 4 33 0.100 0.030 0.038 35 57 

4 18 09 4 31 0.125 0.025 0.036 35 57 

5 22 44 4 35 0.145 0.020 0.033 35 57 

6 27 04 4 20 0.165 0.020 0.031 35 57 
 TQ�%m�$D� 4 31 TQ�%m�$D� 0.028  
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!���
+�"ก��* 
49  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� M 
                               HU��A� 7 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�
%&'() 

����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) (min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�GQ)

�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 35 4 35 0.040 0.040 0.045 35 57 

2 9 08 4 33 0.070 0.030 0.040 35 57 

3 13 37 4 29 0.100 0.030 0.038 35 57 

4 18 07 4 30 0.125 0.025 0.036 35 57 

5 22 34 4 27 0.145 0.020 0.033 35 57 

6 27 06 4 32 0.165 0.020 0.031 35 57 

7 31 39 4 33 0.195 0.030 0.032 35 57 
 TQ�%m�$D� 4 31 TQ�%m�$D� 0.028  
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!���
+�"ก��* 
50  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� L 
                              HU��A� 1 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก�� �$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 43 4 43 0.040 0.040 0.042 35 57 
 TQ�%m�$D� 4 43 TQ�%m�$D� 0.040  

 
!���
+�"ก��* 
51  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� L 
                              HU��A� 2 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 39 4 39 0.040 0.040 0.042 34 57 

2 9 23 4 44 0.070 0.030 0.037 34 57 
 TQ�%m�$D� 4 42 TQ�%m�$D� 0.035  
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!���
+�"ก��* 
52  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� L 
                               HU��A� 3 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 42 4 42 0.040 0.040 0.042 34 57 

2 9 19 4 37 0.070 0.030 0.037 34 57 

3 14 08 4 49 0.100 0.030 0.035 34 57 
 TQ�%m�$D� 4 43 TQ�%m�$D� 0.033  

 
!���
+�"ก��* 
53  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� L 
                               HU��A� 4 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 53 4 53 0.040 0.040 0.042 34 57 

2 9 33 4 40 0.070 0.030 0.037 34 57 

3 14 14 4 41 0.100 0.030 0.035 34 57 

4 18 54 4 40 0.125 0.025 0.033 34 57 
 TQ�%m�$D� 4 44 TQ�%m�$D� 0.031  
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!���
+�"ก��* 
54  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� L 
                               HU��A� 5 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�    

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 45 4 45 0.040 0.040 0.042 35 57 

2 9 32 4 47 0.070 0.030 0.037 35 57 

3 14 10 4 38 0.100 0.030 0.035 35 57 

4 18 54 4 44 0.125 0.025 0.033 35 57 

5 23 34 4 40 0.150 0.025 0.032 35 57 
 TQ�%m�$D� 4 43 TQ�%m�$D� 0.030  
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!���
+�"ก��* 
55  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� L 
                                HU��A� 6 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 37 4 37 0.040 0.040 0.042 35 57 

2 9 17 4 40 0.070 0.030 0.037 35 57 

3 13 55 4 38 0.100 0.030 0.035 35 57 

4 18 38 4 43 0.125 0.025 0.033 35 57 

5 23 21 4 39 0.150 0.025 0.032 35 57 

6 27 56 4 35 0.170 0.020 0.030 35 57 
 TQ�%m�$D� 4 39 TQ�%m�$D� 0.028  
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!���
+�"ก��* 
56  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� L 
                              HU��A� 7 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 41 4 41 0.040 0.040 0.042 35 57 

2 9 19 4 38 0.070 0.030 0.037 35 57 

3 13 55 4 36 0.100 0.030 0.035 35 57 

4 18 35 4 40 0.125 0.025 0.033 35 57 

5 23 10 4 35 0.150 0.025 0.032 35 57 

6 27 47 4 37 0.170 0.020 0.030 35 57 

7 32 23 4 36 0.200 0.030 0.030 35 57 
 TQ�%m�$D� 4 38 TQ�%m�$D� 0.029  
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!���
+�"ก��* 
57  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� XL 
                                HU��A� 1 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 47 4 47 0.040 0.040 0.040 35 57 
 TQ�%m�$D� 4 47 TQ�%m�$D� 0.040  

 
!���
+�"ก��* 
58  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� XL 
                                HU��A� 2 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 40 4 40 0.040 0.040 0.040 34 57 

2 9 23 4 43 0.070 0.030 0.035 34 57 
 TQ�%m�$D� 4 42 TQ�%m�$D� 0.035  

 
 
 
 
 
 



 
 

 

 
103 

!���
+�"ก��* 
59  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� XL 
                                HU��A� 3 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 41 4 41 0.040 0.040 0.040 34 57 

2 9 21 4 40 0.070 0.030 0.035 34 57 

3 14 05 4 44 0.100 0.030 0.034 34 57 
 TQ�%m�$D� 4 42 TQ�%m�$D� 0.033  

 
!���
+�"ก��* 
60  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� XL 
                              HU��A� 4 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 38 4 38 0.040 0.040 0.040 34 57 

2 9 23 4 45 0.070 0.030 0.035 34 57 

3 14 12 4 49 0.100 0.030 0.034 34 57 

4 18 52 4 40 0.125 0.025 0.032 34 57 
 TQ�%m�$D� 4 43 TQ�%m�$D� 0.031  
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!���
+�"ก��* 
61  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� XL 
                                HU��A� 5 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 40 4 40 0.040 0.040 0.040 34 57 

2 9 24 4 44 0.080 0.040 0.035 34 57 

3 14 01 4 37 0.105 0.025 0.034 34 57 

4 18 37 4 36 0.130 0.025 0.033 34 57 

5 23 16 4 39 0.155 0.025 0.031 34 57 
 TQ�%m�$D� 4 39 TQ�%m�$D� 0.031  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

 
105 

!���
+�"ก��* 
62  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� XL 
                               HU��A� 6 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก�� �$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 35 4 35 0.040 0.040 0.040 35 57 

2 9 15 4 40 0.075 0.035 0.038 35 57 

3 13 48 4 33 0.105 0.030 0.036 35 57 

4 18 23 4 35 0.130 0.025 0.033 35 57 

5 23 00 4 37 0.155 0.025 0.031 35 57 

6 27 36 4 36 0.175 0.020 0.030 35 57 
 TQ�%m�$D� 4 36 TQ�%m�$D� 0.029  
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!���
+�"ก��* 
63  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(� ]��� XL 
                               HU��A� 7 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก�� �$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 40 4 40 0.040 0.040 0.040 35 57 

2 9 17 4 37 0.075 0.035 0.038 35 57 

3 13 56 4 39 0.105 0.030 0.036 35 57 

4 18 32 4 36 0.130 0.025 0.033 35 57 

5 23 10 4 38 0.155 0.025 0.031 35 57 

6 27 50 4 40 0.175 0.020 0.030 35 57 

7 32 26 4 36 0.205 0.030 0.030 35 57 
 TQ�%m�$D� 4 38 TQ�%m�$D� 0.029  
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!���
+�"ก��* 
64  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� M 
                                HU��A� 1 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 04 5 04 0.065 0.065 0.069 35 57 
 TQ�%m�$D� 5 04 TQ�%m�$D� 0.065  

 
!���
+�"ก��* 
65  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� M 
                                HU��A� 2 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 12 5 12 0.065 0.065 0.069 34 57 

2 10 17 5 05 0.125 0.060 0.066 34 57 
 TQ�%m�$D� 5 09 TQ�%m�$D� 0.063  
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!���
+�"ก��* 
66  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� M 
                                HU��A� 3 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 09 5 09 0.065 0.065 0.069 34 57 

2 10 08 4 59 0.125 0.060 0.066 34 57 

3 15 19 5 11 0.175 0.050 0.062 34 57 
 TQ�%m�$D� 5 06 TQ�%m�$D� 0.058  

 
!���
+�"ก��* 
67  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� M 
                               HU��A� 4 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก�� �$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 09 5 09 0.065 0.065 0.069 34 57 

2 10 14 5 05 0.125 0.060 0.066 34 57 

3 15 12 4 58 0.175 0.050 0.062 34 57 

4 20 22 5 10 0.215 0.040 0.057 34 57 
 TQ�%m�$D� 5 05 TQ�%m�$D� 0.054  
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!���
+�"ก��* 
68  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� M 
                                HU��A� 5 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 12 5 12 0.065 0.065 0.069 34 57 

2 10 19 5 07 0.125 0.060 0.066 34 57 

3 15 29 5 10 0.175 0.050 0.062 34 57 

4 20 29 5 00 0.215 0.040 0.057 34 57 

5 25 27 4 58 0.255 0.040 0.054 34 57 
 TQ�%m�$D� 5 05 TQ�%m�$D� 0.051  
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!���
+�"ก��* 
69  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� M 
                               HU��A� 6 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                                

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 59 4 59 0.065 0.065 0.069 35 57 

2 9 56 4 57 0.125 0.060 0.066 35 57 

3 15 10 5 05 0.175 0.050 0.062 35 57 

4 20 10 5 00 0.215 0.040 0.057 35 57 

5 25 08 5 07 0.255 0.040 0.054 35 57 

6 30 04 4 56 0.305 0.050 0.054 35 57 
 TQ�%m�$D� 5 01 TQ�%m�$D� 0.051  
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!���
+�"ก��* 
70  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� M 
                                HU��A� 7 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 01 5 01 0.065 0.065 0.069 35 57 

2 9 59 4 58 0.125 0.060 0.066 35 57 

3 14 59 5 00 0.175 0.050 0.062 35 57 

4 20 02 5 03 0.215 0.040 0.057 35 57 

5 25 01 4 59 0.255 0.040 0.054 35 57 

6 29 58 4 57 0.305 0.050 0.054 35 57 

7 35 00 5 02 0.345 0.040 0.052 35 57 
 TQ�%m�$D� 5 00 TQ�%m�$D� 0.049  
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!���
+�"ก��* 
71  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� L 
                                HU��A� 1 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก�� �$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 10 5 10 0.070 0.070 0.071 35 57 
 TQ�%m�$D� 5 10 TQ�%m�$D� 0.070  

 
!���
+�"ก��* 
72  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� L 
                               HU��A� 2 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 04 5 04 0.070 0.070 0.071 34 57 

2 10 11 5 07 0.130 0.060 0.066 34 57 
 TQ�%m�$D� 5 06 TQ�%m�$D� 0.065  
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!���
+�"ก��* 
73  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� L 
                                HU��A� 3 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 12 5 12 0.070 0.070 0.071 34 57 

2 10 12 5 00 0.130 0.060 0.066 34 57 

3 15 17 5 05 0.180 0.050 0.060 34 57 
 TQ�%m�$D� 5 06 TQ�%m�$D� 0.060  

 
!���
+�"ก��* 
74  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� L 
                                HU��A� 4 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 07 5 07 0.070 0.070 0.071 34 57 

2 10 16 5 09 0.130 0.060 0.066 34 57 

3 15 32 5 16 0.185 0.055 0.062 34 57 

4 20 32 5 00 0.225 0.040 0.057 34 57 
 TQ�%m�$D� 5 08 TQ�%m�$D� 0.056  
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!���
+�"ก��* 
75  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� L 
                               HU��A� 5 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 06 5 06 0.070 0.070 0.071 34 57 

2 10 23 5 17 0.130 0.060 0.066 34 57 

3 15 39 5 16 0.180 0.050 0.061 34 57 

4 20 38 4 59 0.220 0.040 0.055 34 57 

5 25 35 4 57 0.260 0.040 0.052 34 57 
 TQ�%m�$D� 5 07 TQ�%m�$D� 0.052  
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!���
+�"ก��* 
76  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� L 
                                HU��A� 6 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 4 59 4 59 0.070 0.070 0.071 35 57 

2 10 06 5 07 0.130 0.060 0.066 35 57 

3 15 07 5 01 0.180 0.050 0.061 35 57 

4 20 02 4 55 0.220 0.040 0.055 35 57 

5 25 11 5 09 0.260 0.040 0.052 35 57 

6 30 08 4 57 0.310 0.050 0.052 35 57 
 TQ�%m�$D� 5 01 TQ�%m�$D� 0.052  
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!���
+�"ก��* 
77  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� L 
                               HU��A� 7 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$�
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 03 5 03 0.070 0.070 0.071 35 57 

2 10 07 5 04 0.130 0.060 0.066 35 57 

3 15 05 4 58 0.180 0.050 0.061 35 57 

4 20 05 5 00 0.220 0.040 0.055 35 57 

5 25 04 4 59 0.260 0.040 0.052 35 57 

6 30 02 4 58 0.310 0.050 0.052 35 57 

7 35 03 5 01 0.350 0.040 0.050 35 57 
 TQ�%m�$D� 5 00 TQ�%m�$D� 0.050  
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!���
+�"ก��* 
78  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� XL 
                              HU��A� 1 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 16 5 16 0.075 0.075 0.069 35 57 
 TQ�%m�$D� 5 16 TQ�%m�$D� 0.075  

 
!���
+�"ก��* 
79  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� XL 
                              HU��A� 2 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 11 5 11 0.075 0.075 0.069 34 57 

2 10 20 5 09 0.140 0.065 0.064 34 57 
 TQ�%m�$D� 5 10 TQ�%m�$D� 0.070  
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!���
+�"ก��* 
80  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� XL 
                                HU��A� 3 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 15 5 15 0.075 0.075 0.069 34 57 

2 10 37 5 12 0.140 0.065 0.064 34 57 

3 15 35 5 08 0.200 0.060 0.061 34 57 
 TQ�%m�$D� 5 12 TQ�%m�$D� 0.067  

 
!���
+�"ก��* 
81  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� XL 
                                HU��A� 4 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 11 5 11 0.075 0.075 0.069 34 57 

2 10 24 5 13 0.140 0.065 0.064 34 57 

3 15 33 5 09 0.200 0.060 0.061 34 57 

4 20 38 5 05 0.250 0.050 0.057 34 57 
 TQ�%m�$D� 5 10 TQ�%m�$D� 0.063  

 



 
 

 

 
119 

!���
+�"ก��* 
82  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� XL 
                                HU��A� 5 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                                GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก�� �$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 15 5 15 0.075 0.075 0.069 34 57 

2 10 26 5 11 0.140 0.065 0.064 34 57 

3 15 35 5 09 0.200 0.060 0.061 34 57 

4 20 47 5 12 0.250 0.050 0.057 34 57 

5 25 55 5 08 0.295 0.045 0.054 34 57 
 TQ�%m�$D� 5 11 TQ�%m�$D� 0.059  
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!���
+�"ก��* 
83  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� XL 
                               HU��A� 6 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#� ก���$�%&'() 
                               GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                               

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 07 5 07 0.070 0.070 0.069 35 57 

2 10 16 5 09 0.135 0.065 0.064 35 57 

3 15 29 5 13 0.195 0.060 0.061 35 57 

4 20 34 5 05 0.245 0.050 0.057 35 57 

5 25 34 5 00 0.290 0.045 0.054 35 57 

6 30 46 5 12 0.340 0.050 0.052 35 57 
 TQ�%m�$D� 5 08 TQ�%m�$D� 0.057  
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!���
+�"ก��* 
84  ����%A��, ��<C�J !!"�=$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(� ]��� XL 
                              HU��A� 7 G�A    �FA�%G��$� )�(U�  �AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'() 
                              GQ)�'(�=$D%�'()NF�, )IJ�;OC<�F)�  E��TA�CP'(�&�C��=_>�F)�]J�=U�ก���$� 
                              

����%A��=$D#PF#�ก���$�  !!"�=$D#PF#�ก���$�%&'() 
����%A��
&�&C  

����%A��
&I=_<  

 
 

HU��A�
%&'() 
(G�A) 

(min) (sec) (min) (sec) 

��<C�J 
 !!"�
&�&C 
(kWh) 

��<C�J 
 !!"� 
&I=_< 
(kWh) 

��<C�J !!"� 
%m�$D�=$D#PF�$� 
GQ)�'(�=$D 
%�'()NF�       

(kWh/m2) 

 
)IJ�;OC< 
�F)� 
]J� 

�$� (°C) 

 
TA�CP'(� 
&�C��=_>  
(%) 

1 5 12 5 12 0.070 0.070 0.069 35 57 

2 10 20 5 08 0.135 0.065 0.064 35 57 

3 15 25 5 05 0.195 0.060 0.061 35 57 

4 20 29 5 04 0.245 0.050 0.057 35 57 

5 25 36 5 07 0.290 0.045 0.054 35 57 

6 30 44 5 08 0.340 0.050 0.052 35 57 

7 35 50 5 06 0.385 0.045 0.050 35 57 
 TQ�%m�$D� 5 07 TQ�%m�$D� 0.055  
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��0+�"ก . 

 
&�I�TQ�%m�$D�])�  ����%A��   ��<C�J !!"�=$D#PF#�ก���$�%&'()#�ก��A<H��   

=Iก]���  �FA�%G��$�E�F�E��%G��$� )�(U�   
�AC=�(���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'()GQ)�'(�=$D%�'()NF� 1 G����%CG� 
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!���
+�"ก��* .1  TQ�%m�$D���<C�J !!"� (kWh) =$D#PF#�ก���$�%&'()EGQ�����%;=  
 

 ������� !!"�%m�$D� (kWh) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� (G�A) 

���%;=%&'()/%G��$�  1 2 3 4 5 6 7 8 9 10 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 0.030 0.025 0.022 0.020 0.019 0.018 0.017 0.017 0.016 0.015 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 0.030 0.025 0.022 0.020 0.019 0.018 0.017 0.016 0.016 0.015 

%&'()P�<�*�*�VI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 0.030 0.025 0.022 0.020 0.020 0.018 0.018 0.018 0.017 0.016 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 0.040 0.035 0.033 0.031 0.030 0.028 0.028 0.027 0.026 0.026 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 0.040 0.035 0.033 0.031 0.030 0.028 0.029 0.027 0.027 0.026 

%&'()P�<�*�*�VI�IXE]�&�(�]��� XL�$��FA�%G��$� )�(U� 0.040 0.035 0.033 0.031 0.031 0.028 0.029 0.029 0.028 0.027 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 0.060 0.053 0.048 0.045 0.044 0.043 0.042 0.041 0.039 0.039 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 0.065 0.053 0.048 0.046 0.045 0.044 0.043 0.041 0.040 0.039 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 0.070 0.060 0.055 0.051 0.048 0.046 0.045 0.044 0.042 0.041 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 0.065 0.063 0.058 0.054 0.051 0.051 0.049 0.048 0.047 0.047 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 0.070 0.065 0.060 0.056 0.052 0.052 0.050 0.049 0.048 0.047 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$� )�(U� 0.075 0.070 0.067 0.063 0.059 0.057 0.055 0.054 0.052 0.051 
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!���
+�"ก��* .2  TQ�%m�$D�����%A�� (min) =$D#PF#�ก���$�%&'()EGQ�����%;=  
 

 ������� !!"�%m�$D� (kWh) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� (G�A) 
���%;=%&'()/%G��$�  1 2 3 4 5 6 7 8 9 10 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 6.58 6.56 6.60 6.56 6.58 6.57 6.57 6.52 6.52 6.50 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 6.66 6.70 6.63 6.65 6.65 6.60 6.57 6.57 6.57 6.55 

%&'()P�<�*�*�VI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 6.75 6.78 6.76 6.76 6.75 6.67 6.65 6.65 6.65 6.65 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 4.58 4.60 4.60 4.63 4.60 4.52 4.52 4.52 4.52 4.52 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 4.72 4.70 4.72 4.73 4.72 4.65 4.63 4.62 4.62 4.62 

%&'()P�<�*�*�VI�IXE]�&�(�]��� XL�$��FA�%G��$� )�(U� 4.78 4.70 4.70 4.72 4.65 4.60 4.63 4.63 4.63 4.63 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 6.82 6.80 6.76 6.80 6.75 6.73 6.75 6.70 6.72 6.70 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 6.83 6.83 6.78 6.78 6.75 6.72 6.75 6.70 6.72 6.72 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 6.90 6.85 6.83 6.80 6.82 6.80 6.78 6.78 6.78 6.77 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 5.06 5.15 5.10 5.08 5.08 5.02 5.00 5.00 5.00 4.98 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 5.16 5.10 5.10 5.13 5.12 5.02 5.00 5.03 5.02 5.02 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$� )�(U� 5.27 5.17 5.20 5.17 5.18 5.13 5.12 5.10 5.12 5.12 
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!���
+�"ก��* .3  TQ�%m�$D���<C�J !!"� (kWh/m2) GQ)�'(�=$D%�'()NF� 1 G����%CG� #�ก���$�%&'()EGQ�����%;= 
 

 ������� !!"�%m�$D� (kWh) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� (G�A) 

���%;=%&'()/%G��$�  1 2 3 4 5 6 7 8 9 10 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 0.034 0.028 0.025 0.023 0.022 0.021 0.020 0.018 0.018 0.017 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 0.032 0.027 0.023 0.021 0.020 0.020 0.018 0.017 0.017 0.016 

%&'()P�<�*�*�VI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 0.030 0.025 0.022 0.020 0.020 0.019 0.018 0.018 0.017 0.016 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 0.045 0.040 0.038 0.036 0.034 0.031 0.032 0.031 0.030 0.029 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 0.043 0.037 0.035 0.033 0.032 0.030 0.030 0.030 0.028 0.028 

%&'()P�<�*�*�VI�IXE]�&�(�]��� XL�$��FA�%G��$� )�(U� 0.040 0.035 0.034 0.033 0.032 0.030 0.030 0.029 0.028 0.027 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 0.063 0.054 0.050 0.047 0.046 0.046 0.045 0.043 0.042 0.041 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 0.066 0.053 0.049 0.047 0.045 0.045 0.043 0.042 0.040 0.039 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 0.064 0.055 0.050 0.047 0.044 0.043 0.041 0.040 0.039 0.038 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 0.068 0.066 0.061 0.057 0.054 0.054 0.052 0.051 0.050 0.049 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 0.070 0.065 0.061 0.057 0.052 0.052 0.050 0.049 0.048 0.047 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$� )�(U� 0.069 0.064 0.061 0.057 0.054 0.052 0.050 0.049 0.048 0.047 
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TQ�%m�$D�=�(� 3 ]���C�G�h��%&'()  ])���<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'(), ����%A��   
E����<C�J !!"�%m�$D�=$D#PF#�ก���$�%&'()GQ)�'(�=$D%�'()NF� 1 G����%CG�   

 

 



 

 

!���
+�"ก��* e1  TQ���<C�J !!"�%m�$D� (kWh) =$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(��FA�%G��$�E�F�  ]��� M, L E�� XL G�C�U���V 
 

 ������� !!"�%m�$D� (kWh) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 
���%;=%&'()=$D=U�ก��$�  1 2 3 4 5 6 7 8 9 10 
%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 0.030 0.025 0.022 0.020 0.019 0.018 0.017 0.017 0.016 0.015 
%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 0.030 0.025 0.022 0.020 0.020 0.018 0.017 0.016 0.016 0.015 
%&'()P�<�*�*�VI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 0.030 0.025 0.022 0.020 0.020 0.018 0.018 0.018 0.017 0.016 

TQ�%m�$D� 0.030 0.025 0.022 0.020 0.020 0.018 0.017 0.017 0.016 0.015 
 
 
 
 
 
 
 
  
 
 
 



 

 

!���
+�"ก��* e2  TQ���<C�J !!"�%m�$D� (kWh) =$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(��FA�%G��$� )�(U�  ]��� M, L E�� XL G�C�U���V 
 

 ������� !!"�%m�$D� (kWh) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 

���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M �$��FA�%G��$� )�(U� 0.040 0.035 0.033 0.031 0.031 0.028 0.029 0.029 0.028 0.027 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L�$��FA�%G��$� )�(U� 0.040 0.035 0.033 0.031 0.030 0.028 0.029 0.027 0.027 0.026 

%&'()P�<�*�*�VI�IXE]�&�(�]���XL �$��FA�%G��$� )�(U� 0.040 0.035 0.033 0.031 0.030 0.028 0.028 0.027 0.026 0.026 

TQ�%m�$D� 0.040 0.035 0.033 0.031 0.030 0.028 0.029 0.028 0.027 0.026 
 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e3  TQ���<C�J !!"�%m�$D� (kWh) =$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(��FA�%G��$�E�F�  ]��� M, L E�� XL G�C�U���V 
 

 ������� !!"�%m�$D� (kWh) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 

���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 0.060 0.053 0.048 0.045 0.044 0.043 0.042 0.041 0.039 0.039 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 0.065 0.053 0.048 0.046 0.045 0.044 0.043 0.041 0.040 0.039 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 0.070 0.060 0.055 0.051 0.048 0.046 0.045 0.044 0.042 0.041 

TQ�%m�$D� 0.065 0.055 0.050 0.047 0.046 0.044 0.043 0.042 0.040 0.040 
 
 
 
 
 
 
 
 
 
  



 

 

!���
+�"ก��* e4  TQ���<C�J !!"�%m�$D� (kWh) =$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(��FA�%G��$� )�(U�  ]��� M, L E�� XL G�C�U���V 
 

 ������� !!"�%m�$D� (kWh) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 
���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 0.065 0.063 0.058 0.054 0.051 0.051 0.049 0.048 0.047 0.047 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 0.070 0.065 0.060 0.056 0.052 0.052 0.050 0.049 0.048 0.047 
%&'()P�<�%P<(GVI�IXE]�&�(�]���XL �$��FA�%G��$� )�(U� 0.075 0.070 0.067 0.063 0.059 0.057 0.055 0.054 0.052 0.051 

TQ�%m�$D� 0.070 0.070 0.062 0.058 0.054 0.053 0.051 0.050 0.049 0.048 
 
 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e5  TQ�����%A��%m�$D� (min) =$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(��FA�%G��$�E�F�  ]��� M, L E�� XL G�C�U���V 
 

 ����%A��%m�$D� (min) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 
���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 
%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 6.58 6.56 6.60 6.56 6.58 6.57 6.57 6.52 6.52 6.50 
%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 6.66 6.70 6.63 6.65 6.65 6.60 6.57 6.57 6.57 6.55 
%&'()P�<�*�*�VI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 6.75 6.78 6.76 6.76 6.75 6.67 6.65 6.65 6.65 6.65 

TQ�%m�$D� 6.66 6.68 6.66 6.66 6.66 6.61 6.60 6.58 6.58 6.57 
 
 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e6  TQ�����%A��%m�$D� (min) =$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(��FA�%G��$� )�(U�  ]��� M, L E�� XL G�C�U���V 
 

 ����%A��%m�$D� (min) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 
���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 
%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 4.58 4.60 4.60 4.63 4.60 4.52 4.52 4.52 4.52 4.52 
%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 4.72 4.70 4.72 4.73 4.72 4.65 4.63 4.62 4.62 4.62 
%&'()P�<�*�*�VI�IXE]�&�(�]���XL �$��FA�%G��$� )�(U� 4.78 4.70 4.70 4.72 4.65 4.60 4.63 4.63 4.63 4.63 

TQ�%m�$D� 4.69 4.67 4.67 4.69 4.66 4.59 4.59 4.59 4.59 4.59 
 
 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e7  TQ�����%A��%m�$D� (min) =$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(��FA�%G��$�E�F�  ]��� M, L E�� XL G�C�U���V 
 

 ����%A��%m�$D� (min) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 
���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 6.82 6.8 6.76 6.80 6.75 6.73 6.75 6.70 6.72 6.70 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 6.83 6.83 6.78 6.78 6.75 6.72 6.75 6.70 6.72 6.72 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 6.90 6.85 6.83 6.80 6.82 6.8 6.78 6.78 6.78 6.77 

TQ�%m�$D� 6.85 6.83 6.79 6.79 6.77 6.75 6.76 6.73 6.74 6.73 
 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e8  TQ�����%A��%m�$D� (min) =$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(��FA�%G��$� )�(U�  ]��� M, L E�� XL G�C�U���V 
 

 ����%A��%m�$D� (min) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 
���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 5.06 5.15 5.10 5.08 5.08 5.02 5.00 5.00 5.00 4.98 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 5.16 5.10 5.10 5.13 5.12 5.02 5.00 5.03 5.02 5.02 
%&'()P�<�%P<(GVI�IXE]�&�(�]���XL �$��FA�%G��$� )�(U� 5.27 5.17 5.20 5.17 5.18 5.13 5.12 5.10 5.12 5.12 

TQ�%m�$D� 5.16 5.14 5.13 5.13 5.13 5.06 5.04 5.04 5.05 5.04 
 
 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e9  TQ���<C�J !!"�%m�$D�GQ)�'(�=$DNF� 1 G����%CG� (kWh/m2) =$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(��FA�%G��$�E�F�  ]��� M, L E�� XL  
      G�C�U���V 
 

  !!"�%m�$D�/�=.NF� (kWh/m2) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 

���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 0.034 0.028 0.025 0.023 0.022 0.021 0.020 0.018 0.018 0.017 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 0.032 0.027 0.023 0.021 0.020 0.020 0.018 0.017 0.017 0.016 

%&'()P�<�*�*�VI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 0.030 0.025 0.022 0.020 0.020 0.019 0.018 0.018 0.017 0.016 

TQ�%m�$D� 0.032 0.027 0.023 0.021 0.021 0.020 0.018 0.018 0.017 0.016 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e10  TQ���<C�J !!"�%m�$D�GQ)�'(�=$DNF� 1 G����%CG� (kWh/m2) =$D#PF#�ก���$�%&'()P�<�*�*�VI�IXE]�&�(��FA�%G��$� )�(U�  ]��� M, L E��  
                                XL G�C�U���V 
 

  !!"�%m�$D�/�=.NF� (kWh/m2) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 

���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 

%&'()P�<�*�*�VI�IXE]�&�(�]��� M  �$��FA�%G��$� )�(U� 0.045 0.040 0.038 0.036 0.034 0.031 0.032 0.031 0.030 0.029 

%&'()P�<�*�*�VI�IXE]�&�(�]��� L   �$��FA�%G��$� )�(U� 0.043 0.037 0.035 0.033 0.032 0.030 0.030 0.030 0.028 0.028 

%&'()P�<�*�*�VI�IXE]�&�(�]���XL �$��FA�%G��$� )�(U� 0.040 0.035 0.034 0.033 0.032 0.030 0.030 0.029 0.028 0.027 

TQ�%m�$D� 0.042667 0.037333 0.035667 0.033833 0.0325 0.030 0.031 0.030 0.029 0.028 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e11  TQ���<C�J !!"�%m�$D�GQ)�'(�=$DNF� 1 G����%CG� (kWh/m2) =$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(��FA�%G��$�E�F�  ]��� M, L E�� XL  
      G�C�U���V 
 

  !!"�%m�$D�/�=.NF� (kWh/m2) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 

���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� M  �$��FA�%G��$�E�F� 0.063 0.054 0.050 0.047 0.046 0.046 0.045 0.043 0.042 0.041 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� L   �$��FA�%G��$�E�F� 0.066 0.053 0.049 0.047 0.045 0.045 0.043 0.042 0.040 0.039 

%&'()P�<�%P<(GVI�IXE]�&�(�]��� XL �$��FA�%G��$�E�F� 0.064 0.055 0.050 0.047 0.044 0.043 0.041 0.040 0.039 0.038 

TQ�%m�$D� 0.064 0.054 0.050 0.047 0.045 0.045 0.043 0.042 0.040 0.040 
 
 
 
 
 
 
 
 
 



 

 

!���
+�"ก��* e12  ��<C�J !!"�%m�$D�GQ)�'(�=$DNF� 1 G����%CG� (kWh/m2) =$D#PF#�ก���$�%&'()P�<�%P<(GVI�IXE]�&�(��FA�%G��$� )�(U�  ]��� M, L E�� XL  
      G�C�U���V 
 

  !!"�%m�$D�/�=.NF� (kWh/m2) HU��A�%&'()=$D=U�ก���$�GQ)%�'D)� 1 T��(� (G�A) 
���%;=%&'()=$D=U�ก���$�  1 2 3 4 5 6 7 8 9 10 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� M�$��FA�%G��$� )�(U� 0.068 0.066 0.061 0.057 0.054 0.054 0.052 0.051 0.050 0.049 
%&'()P�<�%P<(GVI�IXE]�&�(�]��� L �$��FA�%G��$� )�(U� 0.070 0.065 0.061 0.057 0.052 0.052 0.050 0.049 0.048 0.047 
%&'()P�<�%P<(GVI�IXE]�&�(�]���XL�$��FA�%G��$� )�(U� 0.069 0.064 0.061 0.057 0.054 0.052 0.050 0.049 0.048 0.047 

TQ�%m�$D� 0.069 0.065 0.061 0.057 0.053 0.053 0.051 0.050 0.049 0.048 
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)IJ�;OC<])�ENQ�TA�C�F)�%G��$�=$D#PF#�ก��A<H��  =�(� 2 P�<� 
   

 



 

 

!���
+�"ก��* N1  )IJ�;OC<])�ENQ�TA�C�F)�%G��$�E�F� (°C)  =$D=U�ก��G�AHA������=U�ก���$�%&'() 
                               %&��H&<(�#�EGQ��G�A  �FA�%G��$�E�F� 
 

�U���V%&'()=$D=U�ก���$� (G�A)                     )IJ�;OC<ENQ�TA�C�F)�(°C)   
 ���%;=%&'()                                          1 2 3 4 5 6 7 
%&'()%P<(GVI�IXE]�&�(�               179 190 182 187 176 175 179 
%&'()*�*�VI�IX&$%��')�E]�&�(�  108 98 95 111 109 102 101 
 

!���
+�"ก��* N2  )IJ�;OC<])�ENQ�TA�C�F)�%G��$�E�F� (°C)  =$D=U�ก��G�AHA������=U�ก���$�%&'() 
                              %&��H&<(�#�EGQ��G�A  �FA�%G��$� )�(U� 
 

�U���V%&'()=$D=U�ก���$� (G�A)                     )IJ�;OC<ENQ�TA�C�F)�(°C)   
 ���%;=%&'()                                          1 2 3 4 5 6 7 
%&'()%P<(GVI�IXE]�&�(�               209 210 199 203 197 195 203 
%&'()*�*�VI�IX&$%��')�E]�&�(�  114 121 107 110 109 124 105 
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01��2�������+�"ก��* N1  
 
1.  H�ก;��N�Aก=$D P1  %�t�)IJ�;OC<])�ENQ�TA�C�F)�%G��$�=�(� 2 P�<�=$D#PF#�ก��A<H��  #�ก���$� 
     %&'()=�(� 2 P�<�T��(��� 7 G�AGQ)%�'D)�ก�� 
2.  %G��$�=�(� 2 P�<�  C$ก��=U����])�%=)�>*C&EG� (thermostat)  E�A*�FC])�%&F�ก��!Ĥ�C$ 
     ��กXJ�%�t��O�T�'D�  ก�Q�AT')  ��ก)IJ�;OC<%�<DC&O�]^(�H�s^�����V=$DGF)�ก��E�FA  %=)�>*C&EG� 
     H�=U����G����VV=U�TA�C�F)�ENQ�TA�C�F)�])�%G��$�  %C'D)����%A��NQ�� �)IJ�;OC<ENQ� 
     TA�C�F)�H�����s^�#�����V��̂D�  H�%�t�%�GI#�F%=)�>*C&EG�H�=U����GQ)��VV=U�TA�C 
     �F)�ENQ�TA�C�F)�])�%G��$�  =U�#�F)IJ�;OC<&O�]^(�H�%�C��&CGQ)ก��#PF���)$กT��(� 
3.  ก��=U����])�%=)�>*C&EG�%�'D)GQ)��VVTA�C�F)�ENQ�TA�C�F)�])�%G��$�  #�T��(�E�กT') 
     %�<DC#PF���  H�%�Q�)IJ�;OC< �&O�&I�#�����V=$DGF)�ก��  %�'D)��;���#�ก��%�<DCTA�C�F)�])� 
     ENQ�TA�C�F)�#�T��(�GQ) �  %�t�%�GI#�FT��(�E�ก=$D%=)�>*C&EG�=U����GQ)��VV=U�TA�C�F)� 
     ENQ�TA�C�F)�%G��$�  )IJ�;OC<Ĥ�%�<DC]^(�&O�=$D&I� (TA�C&O�])� loop ก��!�OกE�กH�&O�=$D&I�)   
4.  ก��=U����])�%=)�>*C&EG�%�'D)G����VVTA�C�F)�ENQ�TA�C�F)�])�%G��$�  %�'D)�H�ก 
     )IJ�;OC<%�$���)GQ)ก��#PF���  #�T��(�=$D 2 %�t�GF� �  H�%�<DCC$����%A��=$D���]^(�  %�'D)�H�กC$ 
     ก��&�&CTA�C])�ENQ�TA�C�F)�%G��$� (h��])� loop ก��!�Oก=$D 2 E���Oกs��� �H�กAF�� 
     กAQ��OกE�ก)  
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