
 

 
 

 

 

��������	
���
�
������ 

 

 

 

����������������������������������!�"��������#$%#� 

�&���'!�������(���	�()���*)��
���� 
          
 

 

 

 

�&� +���)��$�
,��	���� &�."����!  $
�&�-
/�#�$���  
 

 

 

 

 

'
����� 2552 
 



 

��������	
�  MRG4980166 

 

 

 

 

��
�������
����������� 

 

 

 

 

����������������������!��"#$�%����
�&�%������	'(	
 

�)
��*
�������+�����+,���-,%������ 
          
 

 

 

 

.�!�,�
'��/�����
� )�.&����
  '��)�3�5�	�'��� 

�����'�����'��/��  �+���	
���
���%� 

 

 

������5��)
�7��������$�	5�������5��������
 

 

 

 

(�����+;�����
����
#��<��$�.�!����
 ���.(�,�7���<�/!$��+;����$(�) 



� 

��,,����������$ 

 

.�!����
�$�$��5��7��������$�	5�������5��������
	
�()!��)�+!�
	5�%�>��'��
&�%$����
��5,��+�,

��,�	
�()!����������������
�
# -?����<������@)�$����+!������
����+���	
���
	
�
���
�����������!$
��

���	7��������
()!�
A+�,�	5�����
	
��+�����A��()!�
�$���()!����7�A���7������*
����
	
��
������������<�

.�!�+!�7�A���7� 

.�!����
�$�$��5� �$�'��/�����
� )�.���B�/ ��#��
�����
 �C�����	�����

������/������*� 

�+���	
���
*���'��/����<�$
,��
���	
�()!��5�������<���*
����
 A���+!�7�A���7������)7����������������


���)
/�$) A���$�$��5������'�����'��/�� �+���	
���
���%�	
�()!�+!�$���A��������5��+!

������
�()!�
�$��������	7��������
/�$)��

�������
�
#�7���;���()!)!�
�����$"#$�DEF$)!���!$���������������+�A���7�A���7��,��+�?�� ��� �'.

���5�
 �/

  ����+���	
���
�	�����

%���$����!�*��5�
 �5����&�'�
 %�H���>�� DI�
/�����J���
���

.��/A��.�.��/ �7������������������'�HK���A�������A+,���/� �$�$��5����H�	 �5���������#7����

����� ���+��)���5�
 A�� �&$.��"$����5�
 ������$�5�����+��+!�!$���	
���<�����
���A�,�������
�����#��
# 

�$�$��5���������C�&� /,�
A/!�	$� 	
�()!�,�
�+�"$��<��7�����7���������)7����������;��!$��������

����
 A������/�����'�����'��/��+��
	,��	
���()!��,������� � 	
��
# 



� 

�#�
&�)�

�(

�������: RDG4980166

��3��������: ���������������������������!�"��������#$%#��&���'!�������(���	�()���*)

��
���� 

��3��
���	
� :  +���)��$�
,��	���� &�."����!  $
�&�-
/�#�$��� 

�����$�����$�
,��  �(���#���
������ 

E-mail Address: pawinee@buu.ac.th

���������������: 1 ���;��� 2549- 31 '
����� 2552

�����
��
�����������5������!��"#$�%���A�L��-N$�����C
�/����-�� A�������!��"#$�%���(�

�$)
�-����C
�/�)
�-� �%"�$	)A	�%������O$�-���)
�7��$*��$� +�"$(��$)
�-�����!��<��,��.�� 

A�!�,��������C�,�
�)��������"#$�%���O$�-��()!��	��/�� A/,������

��	

������!%���������A+�,�

/,�� P $
,����<�*�����#��7���<�/!$�	7�������

��	

���������������!%���������	�#�+,���-,�������

��!%������ ��"�$���������������!%������	��$!$�AD�$
�,����/C5)�� ����!� A��������	
�C���7�����!A��

��
�
��!$�	�#�+�)	�#�/!�	������A�����
	�������$������!%������ �)
�������	
���
�
��!$���������!

%������/�$)	�#�+,���-,%�������
#���,$�+!���)�����)��,$
A�L���"$������ A����&���$"�� P 	�#�

	��/��A��	��$!$� -?�����C?����.��/%������ ���(�C?�����,�A���,�
%������)!�
 

�����������
�
#�?��
��/C5��������%"�$'?�H����

��	

������������!%�������5	*�A�����������

��)��,$
A�L���"$�������5	*����	�#���Q���������!%������ 	
���)�,����)����������!��"#$�%���A�L�

�-N$����<���"#$�%���	)A	������"�$�
�/����-��A����������!��"#$�%���(��$)
�-���<���"#$�%���	)A	���

���"�$�
�/�)
�-�������	'(	
 �)
���

��	

������������!%������	��/��A�������������!%������

	��$!$��)
��*
+,���-,%������������� +�"$	
���

��,� ����������+���Q�����
��/�$�.��/&��B�  �)
��!

��*
����������+�A���7��$��J���
���.��/A��.�.��/	��%������  .��.��������*
�������+���������� 

(Combined PCA and IOA) �)
$!��$������!$����J���
���.��/A��.�.��/�7���� 180 &���'�HK����$�

����	'(	
 A���!$����J���
�����!%�������$�&���'�HK���	�#� 180 &���'�HK��� 

��������!�,�)���
%������AD�A�������������)��,$
A�L���"$������AD��$��J���
�7���!�	
�

.,�����������5�������!�������!%�������$�&�����.��/(OOX��+!��<��!$������Y �.'.2008 .����'?�H�

+,���-,�����������!%�������������!��"#$�%���A�L��-N$��A����"#$�%���(��$)
�-�)!��/!��#7�A��	��/��

���C
�/�%��,������C�)�����������)��,$
A�L���"$������()!��;��!$
��"�$�����������,��.��

�$���"#$�%����
�&�%�
�������!$
��"�$�����!$�7���)�$����"�$�
�/� �,������!$��$���"#$�%����
�&�%�
�,�

/�7���,���"#$�%���O$�-��A�����������/!��#7�
���
%������O$�-��A�������)��,$
A�L���"$������AD�

$
�,����?����%������C?�A��	��������)������%������O$�-����&�����.��/%��������,� &�����

.��/(OOX� -?�����+!.�/,$����)�����!��"#$�%���O$�-��A���)�����������)��,$
A�L���"$��������

���������/!��#7��$�����!�A��������()!)
��,� 

�7�+��� : bio ethanol, bio diesel, life cycle assessment, greenhouse gases, input-output analysis



� 

Abstract 

Project Code:   RDG4980166

Project Title :   Full Energy-Chains Analysis on Biofuel Utilizations in Thailand

Investigator:     Assistant Professor Dr. Pawinee Suksuntornsiri

Faculty of Engineering, BURAPHA University  
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Project Period : 1st July, 2006- 31st December, 2009 

Utilization of Biofuel Energy Policy in gasoline and diesel vehicles in Thailand was related 

to a partially blended portion of dehydrated ethanol and biodiesel in fossil fuel. It could directly 

reduce fossil energy in the vehicle tank and GHG emitted from the engine combustion. In the other 

hands, embodied energy in the upstream energy chain and the footprints of GHG emissions 

inherent before entering the driving process were not considered. An impartial comparison between 

two different energy systems requires life cycle analysis (LCA), including embodied energy and 

GHG emissions in related input materials and services, energy production, distribution, and 

transportation.  

 The aim of this research is to provide comparisons of net energy saving and GHG 

emissions mitigation from these two different transportation energy policies in term of full energy 

chain analysis, appeared in case studies. The data of Embodied Energy and GHG Emissions for 

LCA from 180 commodities as of the year 2008 are provided in the prior result of the study, 

derived from economic Input-Output Analysis (IOA). The data could be used as an inventory data 

for any LCA study where embodied energy and GHG emissions in deeper subprocesses could not 

be surveyed by process analysis (PCA). The boundary layer of LCA study could be extended to 

the infinite subprocess. The Input-output (I-O) model was derived from 2000 I-O table and 1998 

energy I-O data, but their important energy structure were updated in the power sector as of the 

recent year of the power sector fuel mix. Results of the cases of LCA on ethanol and biodiesel 

were found that GHG mitigation from the biofuel policies cause small impact to fossil energy saving 

and GHG mitigation due to small portion of biofuel mixed in the fuels. However, increasing 

percentage of the energy saving or GHG is not as high as the increasing percentage of the biofuel 

mixed in the fuel, since direct emissions from the high portion of fossil fuel persists and indirect 

emissions exists. It is recommended to encourage the energy savings and GHG emission 

reductions in significant upstream process, particularly in the power sector, where impact to other 

commodities is very high. 

 

Keywords bio ethanol, bio diesel, life cycle assessment, greenhouse gases, input-output analysis 



 


���
>

+�!� 

��//����������'          � 

�	��)
,$           � 

Abstract           � 

������            � 

             

�		
� 1 �	�7�            1 

1.1 ������<���A�������7�����$��J�+�       1    

1.2 ���)7����������
��
)!����"#$�%���A�L��-N$��    4  

1.3 ���)7����������
��
)!����"#$�%���(��$)
�-�      4 

1.4 �������	��J�+������)��,$
A�L���"$��������������"$��$�.�!����&�  5      

�		
� 2 ��*
���)7��������         7    

2.1 �����)	7�K���!$���)����%������A�������������)��,$
A�L���"$������AD�  8    

2.2 A��	����������������J���
���.��/A��.�.��/     9      

2.3 ���������5��,�������!��%�������$�&�����.��/(OOX�    13 

2.4  ���������������������)��,$
A�L���"$����������'�HK���&�
������	' 17 

2.5 ������������������$�����%������      18 

2.6 ��*
���.�������������+��J���
���.��/A��.�.��/��!��������������+���!�	��

���������    20 

2.7  ����
��
�����������
��/        21 

�		
� 3 ���
'?�H������!A�����.��/��"#$�%���A�L��-N$��    22  

�		
� 4 ���
'?�H������!A�����.��/��"#$�%���(��$)
�-�     29

�		
� 5 .��������
          38

 5.1 )���
%������AD�A�������������)��,$
A�L���"$������AD�  38 

5.2 .�������
'?�H�A�L��-N$��       39      

5.3 .�������
'?�H�(��$)
�-�       42

       

�		
� 6 �	������� 54 

 

�$����$!��$��           55 

&��.��� 

Output ��������������
        60 



 

�##!3 1
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1.1 ������L���M������
?��
>N���O>(� 

&�
�/!�C�������	
�����	'(	
�
A+�,�%������O$�-��(�,�%

�%$/,$����/!$������!

&�
������	'-?���,�.��+!����	'������J�+�)!������������	��%���������)
/�$)��"�$����/!$�

%?��%�����7���!����A+�,�%���������/,������	'��<���������� A�L�*�����/���<�A+�,�%������	
���<�

	
�%?���$�����	'���J��5���[1] �;�7���<�/!$��/�

�(�!�7�+���������(OOX�������	'$�/���,�����C?� 

71.2% �$�(OOX�.��/�����A�L�*�����/� [2] �������&���"#$�%����@�/���

��
$�/���,�����C?� 58.2 % 

�$��������&�%��������#��5)	!�
������	'	�#�+�) (Final energy consumption) �)
&�����,���<�&��

*5����	
�����&���"#$�%����@�/���

����	
��5)C?� 71.9% �)
��<��,���$���"#$�%���)
�-����C?�(��$)
�-�C?� 

36% �$���"#$�@�/���

�	�#�+�) [3] ������������������������)��,$
A�L������$�()$L$�(-)����

�������������&�%������������	'�)
���	���%�������
��
����,��
�����)��,$
C?� 181,942 

%��/���)
A�!�,���<������)��,$
��"�$�������.��/(OOX����	
��5)C?� 45.82 % A/,�;��<�	
������/�,�

&��$5/��+�����
�,�����.�)�$���<�$��)��	
��$�C?� 24.74 % A��&�����,��
�,�����.�)�$���<�$��)��	
�

���C?�19.89 % [3]. 

����+/5.�)!������������)!��%������ )!��������
�
�A����&�%&���$���' A��)!��

�'�HK'��/�� A.�%�>��%������	)A	� (Renewable Energy Development Plan: REDP) ()!C��

�7�+�)�?#��)
�/������K��/�
 �)
�
��X�+��
$�/���,���$������!%������	)A	����C?� 20% �$�

����/!$����%��������#��5)	!�
&�
���Y 2563 �)
�+!�%����?#���� 6.4 % ��<� 15.6 % ���Y 2554 �)


/�#���X�+��
�,����%����?#���<� 19.1 % ���Y 2559 A���%�����<� 20.3 % (19,799 ktoe) &�
���Y  2565 ���

�,��������"#$�%����
�&�%�+������$�(�)!�
��"#$�%���A�L��-N$��A��(��$)
�-���&��������,���<�

�J���
�7�������������5��X�+��
�$�A.�)����,����"�$������<��	�����

	
�()!������
$����A����<�(�()!

	���'�HK'��/�� A.�)����,��()!�
����,������$5/��+�������.��/)!��%������	)A	����	�����

	
�

()!������
$����A�!�A���
���������5��	�����

�+�, P �����.��/�%"�$��!��������!�A�;������.��/	
�

��
�
��!$����%������	)A	� 	!�
	
��5)A�!������)+����,�����<��5)'��
�����)!��%������	)A	�����5,�

����	'$��-

���	
��5) [4] 

����J�+�����)���$����.��/��"#$�%���O$�-��A�����/��+���C?�.����	�/,$������
�
�A���

�&�%&���$���'��������!��"#$�%���O$�-���,�.��+!����/!$����%�������
�&�%�%�������?#����$
,��(�,

��
�
���,$� -?��.����	���,��
#�,�.�/,$����������)!��$�+�� Escobar et al. ()!��,��C?�.����	��$�

����%����?#��$�����/!$������"#$�%����
�&�%	
��
/,$���.��/$�+���)
%��������������������������

�
��/���$����$!��$�� [5] �)
�+!�����+;��,����(�,�����C+�
���
�
�����%����?#��$�����/!$������"#$�%���

�
�&�%()!)����#�����?�/!$��/�

��������"$����J�+������!%"#�	
������.��/��"#$�%����
���� �J�+�)!��

����A�)�!$� A���J�+�)!�������	
������)�?#�/����)!�
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��������

��	

��	�����

�������!%������A/,������&	$
,����<�*�����#��7���<�/!$�

���

��	

�.����	�#�+�)/�$)��������
��/+�"$/�$)	�#�+,���-,%�������$��	�����

��#� P [6] [7] [8] 

�����!%������/�$)	�#�+,���-,%�������
#���,$�+!���)�����)��,$
�L�-��"$������ A����&���$"�� P 	�#�

	��/��A��	��$!$�$
�)!�
 [6] [7] ��"�$���������������!%������	��$!$���#���AD�$
�,����/C5)�� ����!� 

A��������	
�C���7�����!A����
�
��!$�	�#�+�)/�$)	�#������
��/�$�.��/&��B� 	�#����������.��/����!�

A��������	�#�/!�	������A�����
	�������$������!%�������)
/�� �����������!%������	��$!$�

A�������)��,$
��&���	��$!$���#������C���)�?#�()!���+,���-,���.��/%������ ���(�C?�����,�A��

�,�
%������ �)
�����)��,$
�L�-��"$��������#�(�,�%

�A/,���)�������.�(+�!�$�%�������	,���#�
��

�����C���)�����������$��L�-)!�
 ��,� ��������$��L�-�
�	��������5)������"#$�%���O$�-�� �$�����
#


�����C?������!%������	��$!$���+,���-,���.��/����!�A��������	
���!�������
��/�$�.��/&��B�	
�

��
�
��!$�	�#�+�) ��,������!�����"�$����� ����)�����"�$����� A������7��5����H� ��� [8]

"��#!3 1.1 
��(,/N�������&��)����"���M��N���
!����������������
���� 

Source: Integration of indirect CO2 emissions from the full energy chain, Yasukawa et.al (1996), 

IAEA-TECDOC-892. [8] 

�������)	7�����
��������
��/�$�.��/&��B� (Life Cycle Analysis, LCA) ��#� ����	
��7����	
��5)�"$

���+��������$�����!�A��������	
��X$���!���,���������A��$$�������������	�#�+�) [8] [9] &�%	
�  

1.1 A�)�A.�.������������+������������������
��/�$�.��/&��B� -?����������������������+��,�

���������+��� (main process chain) ��#��
����������$�����!�A��������	
��X$���!���,���������

A��$$�������������	�#�+�)$
,��(��!�� A�!�/,$��	7�����������+����������
,$
 (subprocess 

chains) 	
���
�
��!$�	
���7�)����#� 
����������+����������
,$
()!����7�)����#��	,��)�;��()!.����

�������+�()!C��/!$�A�,�
7�����?#��	,���#�

TECHNOLOGY 

BOUNDARY 

ENERGY SOURCE 

EMISSIONS 

ENERGY, WASTES 

RAW MATERIALS 
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�J�+�	
��7������������������Q�����
��/�$�.��/&��B� �"$K���!$������,���$����������/!�

�#7� (subprocess chains) -?���
���	7�K���!$�����,��
#A�!�������	'$"�� P +��
����	'A�!� ��,� ����	'

�
��5I��
 embodied energy and emission intensity data 	
���)	7����/�����J���
���.��/A��.�.��/�$�

����	'-?��)7���������)
 National Institute for Environmental Studies (NIES) �)
�
��/C5��������%"�$

��<��!$���%"#�K���7�+������	7� LCA)������	'�
��5I� [10] A/,�7�+�������	'(	

��(�,�
K���!$���	
�	7�

���/�����J���
���.��/A��.�.��/��,��
# ���J��5���%��,��
���	7��!$����7�+��� LCA ������	'(	
)!�


��*
��� Process chain analysis (PCA) �)

?)+���/����/�K�� ISO14040 -?��/!$���!����A���,���!�,�


�������;��!$���������A��.��/&��B�A/,�����)���
�!$�7���))!���$���/�$� LCA -?�����������/!��#7�

��	���?��7���<�/!$�C��/�)	�#�A���,�	
�()!�������.�!����$����	
�
��
$��+!��!�(���;��!$�����������

�	,���#� A���!$���	
��/�

�(�!�7�+������	7� LCA �$����������$"�� P ���
�7���)��"�$����/!$���!����A��

�7�������������;��!$����7������� A���!$���	
�()!�;(�,�����C	7�()!���C!��/�$)	�#�+,���-,%������ 

[11] ���������
�$�.�!����
 [12] ��
	7�K���!$����$�����	'(	
��A�!����#�+�?���)
��!�!$��� IOA �Y�'. 

1995 -?���J��5����&�%������!���J���
���.��/A��.�.��/�$�&��*5�������C?�������!�������!%������

()!���
�
�(� �?��7���<�/!$��
�����)	7�K���!$���	
�	�����
	
��7���<�/!$���!������������+,���-,%�������+!

���C!��	�#���Q�����
��/�"$ Energy Input-Output Data +�"$ �!$��������!%������A�������)��,$
A�L�

��"$�����������Q�����
��/�$�.��/&��B�	5����)������	'�)
��*
 Energy Input-output analysis 

(Energy IOA) -?����C���7�����!��������������Q�����
��/�$�+,���-,%������������	'(	
�������7�

��"#$�%����
�&�%��	)A	�%������O$�-�����������
�
# 

����7���"#$�%����
�&�%����!��<��,��.���$��#7������"#$�%�����#����,�
�)�������������&�

��"#$�%���O$�-��()!��	��/�� (Direct reduction) A/,��"�$%������C?�	
����$���"#$�%����
�&�%���5��$�

�$�+,���-,%������$
,���������A�!� 
��/!$�����������
+��7�/$��%"�$��<����
"�
���,�+��%������C?�

�����������!%������	�#�+�)/�$)	�#�+,���-,%�������$�����7���"#$�%����
�&�%)����,������!��

���"�$�
�/� -?����������!%������	��/�� (direct energy consumption) A��%������������%������

	��$!$� (indirect energy content) �$���"#$�%����
�&�%)!�
A�!��������C�)������%����������+�"$(�,

�����
����$�����������(��$)
�-�A+,�����	'�+��K$������ (National Biodiesel 

Board)[13] ���Y�'.1998 -?����<������)	7�����
��
������

��	

���+�,��������� (LCI) �$���"#$�%���(�

�$)
�-�A���@�/���

�)
�-� %��,�+����)���%������	5�����&	A�!� $�/���,��%������	
��+!/,$%������

AD�/!��#7��$��#7����(��$)
�-������!��

�����#7�����@�/���

�)
�-���� ��,���"$ 83.28% 80.55% 

/���7�)�� +��%������$�/���,��%������	
��+!/,$%������O$�-��AD�/!��#7�A�!� (��$)
�-����
�,�C?� 

3.215 �	,� �,���@�/���

�)
�-����
�,��%

� 0.8337 �	,� -?���,��$��,�(��$)
�-��������C	)A	� 

(renewable) ()!�����,� A����"�$�����,������!$��$�(��$)
�-�/�7���,�)
�-� +�������	*�&�%�$�

���"�$�
�/��
�,���	
��,�$�/�������#����"$���"#$�%���/,$��
�	��	
�����
�()!�����
�
�(�/���,������!$�	
�

�)�� �, �������������)��,$
A�L������$�()$$�(-)�/�7 ���, ��@ �/���

�)
 �-�C? �  78% 
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�����$��$�$�(-)�/�7���,������� 35% �����)��,$
$�5&��/�7���,� 83.6% sulfur dioxide /�7���,� 8% 

methane /�7���,� 3.0% NOx �����,� 13% hydrocarbon /�7���,� 37% �#7���

/�7���,� 79.0% 

1.2 ���&?��������������&�������������M�[
�*\���

      ������,�����������!��"#$�%���A�L��-N$��������	'(	
��#��
��/C5��������%"�$�)�����!��"#$�%���

O$�-����<� Ethanol 	
��
��������5	*�3 99.5% 	
�.��/�?#���������)5	�������H/��7�%��A�X�+�"$�#7�/��

��K���()!�����'��
��
���������5������!�$*��$�	
�.��/���&�������H/���<��,��.������"#$�%���

���-��/�#�A/,�Y 2548 �)
/�#���X�+��
�+!�
$�/�������!�$*��$������� 3 �!����/�/,$���&�
��   �Y 2554 

�)
�����������������5���"#$�%���A�L��-N$�� E10 �"$ �,��.�������� 90 % ��<��#7�������-�� 

(Gasoline) �,��$
� 10% ���.���+!�$*��$�A�� anhydrous ��<��,��.�� 10% 	)A	���"#$�#7����

���-�� (A���-�
�) /,$�����	���%������()!������5��+!�
�����! E20 �%"�$�%���$�/�������!�$*��$�

	)A	���"#$�#7�������-�� -?������/���$*��$���(����#7����A�L��-N$����#��$��������<����	)A	���"#$

�#7����A�L��-�
�A��
����<�����)����������7���!� MTBE -?����<��,��.��	
��7����	
���!������%����,�

$$�-�������#7�������-��()!)!�
 [14]  

 ���.��/�$*��$��%"�$��<��,��.������"#$�%���A�L��-N$��������	'(	
��#������.�.��/	��

�����H/��$�A+�,��"$ .��/����#7�/��+�"$����#7�/�� A��.��/���A�X�����7���+����)
.,��

���������+���

1.3 ���&?��������������&�������������%���&!�*� 

���Y 2548 �/������K��/�
()!$$�A.������/����(��$)
�-��)
/�#���X�+��
�������&�(��$)
�-���

$�/�� 8.5 �!����/�/,$���&�
���Y 2557 �)
��X�+��
)����,���7�+�)�)
%������C?�'��
&�%�$�A+�,�

��/C5)�������.��/������	�����H/�A���+���� the Ministry of Agricultural and Cooperatives 

(MOAC)&�����������,���������.�)�$��)
���	���%�������)
�����������.��(��$)
�-���<������� 

5% ���#7����)
�-�+�5���;���/� (B5) (������	������
�Y 2554 �#7���� B5 ����%����
��������,��������

/�#�A/,�Y 2550 ����/��5��	%�+����A��&���/! A��C��()!/�#���X�+��
�+!�
�7�+�,�
	�������	'���Y 2553 

	�#��
#�7���<�/!$��
����,�������������������#7������%"#�	
� 5 �!��(�, �+!�
����%���.�.��/�#7���������/,$(�,

�+!����?#� A���,����������%���������,)7�)!�
 [16]  

���J��5���()!�
����������+!�
���.��(��$)
�-���<������� 2% ���#7����)
�-�	
���)�7�+�,�
	���

����	'A�!� [17] A�� B5 �;()!C���7�+�,�
�%"�$��<�$
�	����"$�+�?���$�.�!��!�#7�������J��5���A���7������

���������Y 2554 )!�
+����,��������C	)A	��������&��#7����)
�-�()!C?� 5% A���
�������&��#7����(�

�$)
�-��������� 3 �!����/�/,$������Y 2554 �%�����<������� 3.64 �!����/�/,$������Y 2559 A����<� 

4.5 �!����/�/,$������Y 2565 ������,������A��������5����%�>��A���������&���#���/!$��
��/����

/,�� P ������5� ��,� ����,����������%������%"��#7���� �������
A��%�>���%"�$�%���.�.��/��� 2.8 ��<� 

3.2 /��/,$(�,/,$�Y �$�����
#
���
����,���������.��/A�������!(��$)
�-��5��� -?���������<����.��/A��

�� �
���������5��������
A��%�>�����,���$�.�%�$
()!������.��/(��$)
�-�)!�
 [17] ���.����
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��������!�+!�
�,��.���$�(��$)
�-� 2% ���J��5�����)�,����
����%���$�/���,��.����<� 3 % ���,��/!��Y 

2553   

1.4 �������#��O>(������&��)��M�[
��������	�	����������N��+������"� 

��<�	
�	������)
�,�����$�������J��5���()!���.����	���������������)��,$
A�L���"$�

�����-?���
���+/5+�������������!��"#$�%���O$�-���%"�$������)�����
�$���5H
�/�#�A/,	'���H�,$� 

����������5��!$/���������/��%"�$+�	���)�����������)��,$
A�L���"$����������*��������

�

�/ (Kyoto Protocol) ����C?��������5����#��,��5)�"$ COP15 	
���5�������N�����#� A�!�,���
��(�,

�����C+��!$/���	
���/��()!A/,�������	�������;()!/��+����)
	������A�!��,�����������	5���(�,

�����C��)7�����/����C
�)���������!%������()!$
�/,$(� ���A��	���������
������������

��)��,$
A�L���"$������/���!$/���/����/�K�����������������)��,$
A�L���"$������

��)������	' (National Communication) /����*
��� IPCC (The Revised 1996 IPCC Guidelines) ��,�

	
�)7��������$
�,���A/,�����/!������	������J��5���()!�,�.��+!����	'����5,� Annex I -?����<���5,�����	'	
�

%�>��A�!�	
��
��"�$�(��,���/!$�)7���������)�����������)��,$
A�L���"$����������$���/�$�

����	'/� A���,�.��"���"�$�	7��+!���)���
!�
K�����.��/��
������	'	
��7����%�>�� 	7��+!�+;��,����

��
��������)��,$
A�L���"$���������Y+��� P 	
�.,�����
�����)��,$
A�L���"$������������	'

%�>��A�!�(�,�%����?#�������A/,�����������)��,$
A�L���"$����������5,�����	'�7����%�>������?#�

��� A��&�%����$������������)��,$
A�L���"$�������$�����5	*��%����?#� )����#����+;��,�A�!�,����

��
��������)��,$
A�L���"$��������)������	'��	7��+!��������������)���/��+���C?����������

��)��,$
A�L���"$������ A/,�J�+�	
�/�����"$���
!�
A+�,���)��,$
A�L���"$��������
������	'	
�

�7����%�>��	
���()!C���������+!)7���������)�����������)��,$
A�L���"$������ A������������5� 

COP15 	
���5�������N�����"�$�)"$�*������ 2552 	
�.,�������)�!$��%��H�+���+��
��
�
��������

���.�)�$��������)��,$
A�L���"$�������$�A/,������	' 

���Y 2552 	���7��������$�	5�������5��������
 (���.) ()!��)�+!�
�����������
�%"�$�DX�/�)/��

�C��������������)��,$
A�L���"$����������)��������/�&�
�/!�5)������� MEA’s Watch ��"�$�

�������.�)�$��������)��,$
A�L���"$�������������	'%�>��A�!���,����	'�7����%�>�� �)
��!

��*
��������������������+��J���
���.��/A��.�.��/ �%"�$%���������

��	

������������)��,$
A�L�

��"$������������7���!�-�,�$$��5	*�����)������	' [18]  ��������)�������)�+;������	
�������5�

��*����%��,��
A��	�������������������)��,$
A�L���"$�������$�A��	�� �"$ ����������

A��	�� IPCC �)���"$ ����	'.�!.��/��<�.�!���.�)�$��������)��,$
A�L���"$������ A��$
���*
+�?���"$

.�!����&���#��5)	!�
��<�.�!���.�)�$��������)��,$
A�L���"$������ -?��/!$���!��*
����������A�� LCA 

�+!A�,����!� +�"$������/,�� P A�!��$��������.�)�$��������)��,$
A�L���"$�������+!$
�,��)5�%����

�$�.�!����&� -?������������A��+����
#$�����
��/����$"�� P ������5� ��,� �����)&�H
�����)��,$


�����$�������!� +�"$������	
��
�����)��,$
A�L���"$����������,�����!� +�"$������$"��	
�	�)�	

����
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�%"�$�+!����!�+�"$������	
��
�����������)��,$
A�L���"$������/�7�	
��5)���+,���-,%�����������.��/

/�$)	�#���Q�����
��/-?��������
/!�	5������,�����!�$"�������CA�,����()!A��()!������/$����	
�)
���

.�!����&� -?����*
���A��.�!����&����.�)�$��
#��<�	
�
$����()!�,��������C�,�.��+!�����������)��,$


A�L���"$�������5	*��$�����)�� +�"$)
��,�����������A���)��	
�����	'.�!.��/��<�.�!���.�)�$� 

)����#�����7�+������������������)��,$
A�L���"$��������������������/�$�����!�+�"$������	
�

�������&���#��5)	!�
�?������C���$���<��%

��!$�
)���	������!� A/,+����<����"�$��"$	
��7����������,�


�+!����������()!�
�!$���	
�C��/!$��������"$�����!�A��������	
������C�,�
�)�����������)��,$


A�L���"$�������$�������()! A����<�	
���)+����,�+������������	5�����"$���!����!�+�"$������	
��


�����)��,$
A�L���"$������/�7�	
��5)����������C����	��J�+�&�������!$�()!��$���/ 

���.����'?�H�	
�.,����%��,�����!�/������	
��
�����������)��,$
A�L���"$���������/�$)

	�#�+,���-,%���������	
��5)������	'(	
 �"$ (OOX� [19] A/,A	!����A�!�(OOX�(�,��,���+/5+����$����

��)��,$
A�L���"$������ +��A/,��<��������	
��
�����!(OOX�A����<�.�!����&���#��5)	!�
 )����#�+����

+,���-,%�������$�����!� +�"$�������)	
��
��!�	�����������/!��#7������(OOX���<�����������;���


�����������)��,$
A�L���"$������������Q�����
��/���(�)!�
�����$� 

��������
#�?��
��/C5�������A���"$�%"�$��)	7�K���!$�������
)���
%������AD�A�������)��,$
A�L�

��"$������AD��������!�A��������������	'(	
 (Energy Input-Output Data) -?������$�(�)!�
)���


%������ (Energy Intensity) A��)���
�����)��,$
A�L���"$������ (Greenhouse gas emissions 

factors) ���.��/&��B�A��������	
�-"#$�������	'(	
 �)
��!��*
�J���
���.��/A��.�.��/ �%"�$��<�

K���!$�����������������Q�����
��/�$�+,���-,%�������$�����%������ (Technical Energy System) 

������	'(	
 A��	7����'?�H����
'?�H����

��	

���Q�����
��/�$�+,���-,%������ �������7�

��"#$�%���A�L��-N$�� A��(��$)
�-���	)A	��#7�������-�� A���#7����)
�-� ��)!��������%������ A��

�����������)��,$
A�L���"$������ 

��/C5�������/,$���"$	7����'?�H����
'?�H���!��"#$�%����
�&�% �"$��"#$�%���A�L��-N$��A��(��$

)
�-�������	'(	
�)
��*
�������+�����+,���-,%�������)
��*
.�������������+����������A����*


�����+��J���
���.��/A��.�.��/��!�)!�
����%"�$	7�������

��	

�	
���<�*�����+�,���������
�)!�


��"#$�%���O$�-�����)�)�����������
�
�����!��"#$�%����
�&�%�)
�7�+�)�+!.�!����&�()!���.�����������
�

�C
�/���,��)��



 

�##!3 2 

��'!���&?�������� 

	7�������

��	

������������!%������	��/��A�������������!%������	��$!$��$���"#$�%���

A�L��-N$�� A��(��$)
�-��)
��*
+,���-,%������������� (Full Energy-Chains Analysis; FENCH 

analysis) +�"$	
���

��,� ����������+���Q�����
��/�$�.��/&��B� (Life-Cycle Analysis; LCA) [20] [21] -?��

�J��5���()!�
�����)	7���<���/�K��������������+���������
��/�$�.��/&��B� �"$ ISO14040 [22] [23] [24] 

[11] �7�+�����������������!�+�?�� P A/,��<���*
���A�� Inventory Analysis -?����<�A��	����*
�������+�

��������� Process Chain Analysis (PCA) -?����()!(�,���	�#���������
��/ 

���������
�
#����<�����������+������������!%������	��/��A�������������!%������	��$!$�

�7�+����	�����

%�������)
��!��*
����������+�A���7��$��J���
���.��/A��.�.��/	��%������ (Input-

Output Analysis; IOA) [26] [27] .��.��������*
 PCA +�"$	
���

��,� Combined PCA and IOA �%"�$�%���

����A�,�
7��$�.����������� [28] 

���,���$������)	7�	�#�K���!$��� Energy Input-Output Data +�"$����������+�A���7��$��J���


���.��/A��.�.��/	��%����������!/�����J���
���.��/A��.�.��/�$�����	'�����,��5)	
���)	7��)


�7����%�>���'�HK���A�������A+,���/� [29] �%"�$�+!K���!$���	
�()!�
�����$)��!$�����&�%

�������%��*��������'�HK����+&�����J��5�������?#� '?�H��!$��������!%�������$�&���'�HK���A��

$5/��+�����$��7����%�>���'�HK���A�������A+,���/� A��������5��!$��������!%�������+!�$)��!$�

����!$��������!%��������&���'�HK���A��$5/��+�����$����	���%������ [30] -?�����J��5�������	'

�
��5I�()!�
�����)	7�K���!$������,���$� subprocess chains �����*
 IOA [10] -?�����,�
�+!�����C

�������+� LCA A�� Combined PCA and IOA ()!$
,��A�,�
7�

-?�����+;�()!�,�.���������)	7�K���!$��� subprocess chains ��� Energy Input-Output Data 

�$�����������C�7�(���!�����	7� FENCH analysis ��������

��	

��	�����

�����!��"#$�%���

�
�&�%���������
��"�$��
#A�!� 
�������C�7�K���!$����
#(���!��������������Q�����
��/�$�.��/&��B� 

(LCA) ���)$"�� P ������	'(	
�%"�$�%����$���/������������ LCA()!$
�)!�


��"�$()!K���!$��� subprocess chain �����*
 IOA A�!���	7������;��!$�����*
�������+���������
��/

�$�.��/&��B� (Life-Cycle Analysis; LCA) �)
��*
 Process Chain Analysis ���	�����

�����!��"#$�%���

�
�&�%A/,�����)��+,���-,%������+��� (Main process chain) �����#� '?�H�/,$��"�$�(�
�����������


,$
/!�	��	�#�+�) (Subprocess chains) -?����<�$5/��+����/,�� P 	
���
�
��!$�������.��/��"#$�%���

�
�&�% �����#�	7������������)
��*
+,���-,%�������������A�� Combined PCA and IOA 

���

��	

�+�������%������	
��)���)
������	�#�	��/���������%���$�/���,���$�%������	)A	�

����"#$�%����
�&�% A��	��$!$�	
�AD�$
�,���,������$�/,�� P ��,� %������ ���)5 +�"$ ������ A��
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������������������)��,$
A�L���"$������	�#�	��/��A��	��$!$� ���C?��������������

��	

�

��)!��/!�	5����)!�


2.1 ���	
&#?�]��N�����&
��!��
����M�������������&��)��M�[
��������	�M^� 

(Embodied Energy Intensities and GHG Emissions Data)  
K���!$��� Energy Input-Output Data +�"$ ��
���������%������AD�A�������)��,$
A�L�

��"$�������������!�A��������������	'(	
 (Embodied Energy Intensities and GHG Emissions 

Data) ()!C����������)
�7��!$���/�����J���
���.��/A��.�.��/ (I-O table) �$�����	'	
���)	7��)


�7����%�>���'�HK���A�������A+,���/� (�����,��5)�"$�Y �.'. 2000) [29] �%"�$�+!��<�/��A	��$�

������!�����A�����
�
�-"#$��
��+�,��&���'�HK���/,�� P ������	'(	
�� 180 &���'�HK��� 

&�
�/!���/�K��	
��,�$�/���,���$��J���
���.��/��#������$�&���'�HK���/,�� P ������	'�


$�/���,����	
���,��)

�����Y�!$���)����,�� �,��������!������/!$������!%�������$�&���'�HK���

/,�� P ��!�!$���/�����J���
�����!%������ (Sectoral Energy I-O Table) (�����,��5)�"$�Y �.'. 1998) 

[31] -?����<��!$��������!%�������$�	�#� 180  &���'�HK��� �)
()!�!$������������7�������

�'�HK���A�������A+,���/� ��/����$����

��	

�����!$��������!%�������$�����	'�$�

���	���%������ �����#�	7����������5��!$��������!%�������+!�$)��!$��������!$�����
�Y�$��!$���

	���'�HK'��/��-?����<��!$���/,���Y��� �����#�	7����������5��!$����%"�$�X$�������������������

��)��,$
A�L���"$��������"�$�����������)!��%�������$�A/,��&���'�HK���-#7�-!$���"�$����

�!$��������!%��������#����
�!$������(+��$�%��������	5���)��/�#�A/,��)���K�&��� 	5/�
&�����C?�

�����!%��������#��5)	!�
 ���	�#��
�!$��������!%������	
���<���/C5)�������.��/����,��<�������
�
��.�

(+�! (Feedstock) �?�/!$�	7����������5��!$����%"�$�X$����������-#7������������)��,$
A�L���"$�

�������"�$�����������)!��%�������$�A/,��&���'�HK��� 

/����/�A�!�����������)���
%������AD��$�����!�A�����������/�����J���
���.��/A��

.�.��/���
�$����A�� �"$ A��	
�����������������.�!-"#$ A��A��	
���������������.�!.��/ �)


+���
��/C5��������������7�)���
%��������#�(���!������������ LCA �+!��!�!$���	
���������������

.�!.��/ [10] ��"�$��������!�+�"$������	
�/!$���!)���
%������A�������)��,$
A�L���"$������������

������� IOA �
#�!��A�!���<��J���
���.��/ (inputs) 	
���<���!�	�����������/!��#7�	
�����

���������C�$�����������+���!�	����������� (PCA)  

  K���!$���)����,��()!.,������������+��!$����)
	7����������5��!$��������!%��������&��

���.��/(OOX��+!��<��J��5������	
��5) ��"�$����(OOX���<�.�.��/���&�����.��/(OOX�-?����<�&��

���.��/	
��
.����	�/,$������%������AD�A�������������)��,$
A�L���"$������AD�������!�

A��������������	'(	
	5����)�)
()!�������+����)����������5�������!���J���
�����!%��������

&�����.��/(OOX� �)
%������������!��%�����������.��/(OOX����Y�'. 1998 [2] ���

��	

����

������!��%�����������.��/(OOX����Y�'. 2005 A���Y �'.2008 [7] �7�+����������������������
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��)��,$
A�L���"$��������	5� P ���������	
��
�����!%������()!%�>����*
����7����/��A��

�$� the Revised 1996 IPCC Guidelines [32] [33] [34] A�����������A�L���"$������/,�� P �"$ 

CO2, CH4, A�� N2O ��!�,� Global Warming Potential �	,����  1, 23 A�� 296 /���7�)���)
$!��$��

��� The IPCC Third Assessment Report (2001)  [35] 

�)
�!$����5)A����<������������)
��! 1998 Energy I-O table �,����� 2000 I-O table 

�,���!$����5)	
��$���������)
��! 1998 Energy I-O table A�� update �)
��!������!���J���
%������

��&�����.��/(OOX��Y 2000 �,����� 2000 I-O table �,���!$����5)	
����A���
�()!��������)
��! 1998 

Energy I-O table A�� update �)
��!������!���J���
%��������&�����.��/(OOX��Y 2005 A�� 2008 

�,����� 2000 I-O table -?����<������������)
���/�K���,�������!���J���
���.��/A��.��/�$�

�'�HK����+&���$�����	'(	

����������!����,��)

�����Y�.'.2000 �)
�,� factor �����

������5��,�������!�������!%�������$�&�����.��/(OOX�

2.2 M��#������������	���O		
����+��,M��+�+��, (Input-Output analysis) 

	�H�
%"#�K�������������������!%������A�������)��,$
A�L���"$����������J���
���

.��/A��.�.��/��#���!	�HQ
%"#�K��	
��7����$�)
 Wassily Loentief -?��()!������������������

�'�HK'��/�����Y �'.1973 [26] /,$��()!�
�����

���

��%"�$����������+��J���
���.��/A��.�.��/	
�

��
�
��!$����)!��%�������)
 Miller and Blair [27] �����#�()!�
����7��	��������������A���J���


���.��/A��.�.��/����!$
,��A%�,+��
����?#� ��,� Bullard and Herendeen [36] Wright [37] A�� 

Chapman [38] ()!�7����������+��������%������AD� (Energy Intensity)  %��,����Y �'.1994 ()!�


����7��	��������������A���J���
���.��/A��.�.��/����!������������+�����������������

��)��,$
A�L���"$���������/�$)	�#�+,���-,%������������������.��/(OOX� ��,� ()!�
���

����5���5,��������
$��5���$� the International Atomic Energy Agency (IAEA) 	
���5��J��������Y �'.

1994 [8] ������	'�
��5I� National Institute for Environmental Studies (NIES) ()!��!/�����J���
���

.��/A��.�.��/�������)	7�K���!$���%������AD�A�������������)��,$
A�L���"$�������)
��*


�J���
���.��/A��.�.��/ �%"�$�/�

���<�K���!$�����������������Q�����
��/�$�.��/&��B�(LCA) ��

����	'�
��5I� [10] K���!$������ (NIES) �
# ��<�/����A�//��;$�	
��
�!$��������������)��,$


&�������A�)�!$��������!� ��������� +�"$�������/,�� P �)
��

�K���!$����
#�,� K���!$����������

�
��/ (Life Cycle Inventory) -?���!$����
#��<������������)��,$
&�������A�)�!$�	��/��A��&���

	��$!$������������/!��#7�	5� P ���������	
��
���(+���

��$�	��%
���A�������)��,$
�$�

��

&�
���'�HK���	�#�+�) [39]

K���!$�����������
��/�$�.��/&��B�A��������-?����<��!$���������%������A�����������

��)��,$
A�L���"$������	��$!$������������/!��#7�	
�(�,�����C��!�C?��)
�����;��!$���()!��#�

�����C�������()!�)
��!�	����	���'�HK'��/��	
���

��,� �����������J���
���.��/A��.�.��/-?��

�����C�+!.�������������$���5����������/!��#7�	���?�()!C?�����������7�)��$���/�A��
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������%������+�"$�����)��,$
��&��������C��$���5�C?��J���
���.��/	
�(�,�����C���� /�� 

��) (non physical input) ��,� �,�������/,�� P ()!)!�
 

��	��	�HQ
�'�HK'��/����#� /�����J���
���.��/A��.�.��/��<�/������/���-���/5���	
�

����$��������/$���J���
���.��/��#������$�&�����.��/��#������7���� n &�����.��/ �)
��

A/,������/$����#���A�)�C?�$�/���,���$��J���
	
��7���<������.��/�$�A/,��&�����.��//,$.�.��/

����$�A/,��&�����.��/ -?����$���5�C?��J���
)!�� ��/C5)�� ���)7�������� %������ ������/,�� P 

A��	��%
���$"�� P �)
+���
/�����J���
���.��/A��.�.��/A�!��������C��!�����)�	
������C

	7���
()!�,�+���
����/!$������#��5)	!�
�$�����!�+�"$������+�?�� P ���  n &�����.��/ �%����?#�

+�?��+�,�
A�!� ��	���()!�,�����������/!$�������7�)����#�$���/��$�����/!$��������!�A��

���������	5� P &�����.��/	�#�+�)��/!$��
���.��/�%����?#��	,��)  

�����������J���
���.��/A��.�.��/��<�A��	��+�?��	���'�HK'��/��	
���
�
��!$�������A�

�����7���!� (input) A�����A������$�.�.��/ (output) ����������!���+�,������$�&��*5����&�
��

�����'�HK���+�?�� P ������!����&�%	
�  7 A�)��+!�+;��,� �����)7���������%"�$.��/.�.��/+�?�� P 

��#��7���<�/!$��
���-"#$.�.��/	
��7���<�/!$���!��<��J���
���.��/���&��*5����$"�� P �������'�HK��� 

���	�#�-"#$�J���
���.��/���&���'�HK����$�/�)!�


.�.��/ (output) �$�&���'�HK���+�?�� P �?���<�.�.��/	
�/!$�.��/�%"#$�X$��+!��<��J���
���

.��/A�,.�!.��/��#����� A�� �%"�$��
�+!A�,.�!����&���#��5)	!�
 (final consumptions) )!�
 -?��.�.��/

����$�&���'�HK���+�?�� P ��

���<������()!)���
# 

 jij

n

i
j YxX �� �

�1
    (1) 

�)
 ija �"$ .�.��/���&�����.��/ i (�7���� n &�����.��/) 	
�-"#$��!����%"�$��<��J���
���

.��/A�,&�����.��/ j A�� jY  �"$ .�.��/���&�����.��/ j 	
�C����
�+!A�,.�!����&���#��5)	!�
 

��"�$�+!��)�+!����/$���J���
���.��/A��.�.��/�7���� n &�����.��/ ��<���/���-��)
�+!A/,��

$�������$��$���/���-�����$�)!�


jijij Xxa �      (2) 

�����C��

���<���/���-�.�.��/����$�&���'�HK���()!)���
# 

YA][IX 1���     (3)

�)
A/,��$�������$��$�����/$�� X  �"$ ������.�.��/���	�#�+�)	
�/!$�������.�!����&�

��#��5)	!�
 -?���,$�+!���) ����+�
�
��7� (induced) ������/!$�����J���
���.��/��#��������&��
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�'�HK���$"�� P ���	�#�/��$� -#7�A�!�-#7���,���<��7�)����#�(��������/!$����/!��#7���#�	
�+�?�� (���<�

����/!$������#�/!��#7���#��?�	
��$� A����<���,��
#(���"�$
 P ��C?��7�)��	
�$���/�  

�)
��
���$

)�$�$�������$�����/����$��'�HK���A�)���&�%	
� 2.1

 

   \to 

from 

004 055 062 084 093 135 137 139 … Yj 

004 a 004,004 a 004,055 . . . . .. . . a004,201 

055 a 055,004 . . . . .. . . . a055,201 

062 a 062,004 . . . . .. . . . a062,201 

084 a 084,004 . . . . .. . . . a084,201 

093 a 093,004 . . . . .. . . . a093,201 

135 a 135,004 . . . . .. . . . a135,201 

137 a 137,004 . . . . .. . . . a137,201 

139 a 139,004 . . . . .. . . . a139,201 

. 

. 

. 

a i,004 . . . . .. . . a i,j a i,201 

201 a 201,004 . . . . .. . . . a201,201 

"��#!3 2.1 ����
�����O		
����+��,M��+�+��, 

��"�$��)���.��$�����7���!��5	*����/,������	' .�.��/����$�&���'�HK��������C	7���


()!�������������/!$��������&���#��5)	!�
 �)
/�#����/�K���,�)���
������!��/,�� P �$�����!�A��

������	
��7���!����/,������	'�
�,��	,��������!�+�"$������������	' [40] )���
#

YMAIX 1][ ����     (4)

�)
��/���-� M ��<�������!���J���
���.��/	
���<�����,�����7���!��5	*�/,$����,�.�.��/���

�$�&���'�HK��� 

��"�$�7����������������+�.�.��/����$�&���'�HK����!��/!���%�>����<����)��%"�$��!��

��������������������/!$����%��������� ()!��<������)���
# 

.FEI � YMAI 1][ ���    (5)
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�)
A/,��$�������$��$�����/$�� EI �"$ )���
������%������/,$+�,�
����$�.�.��/�$�

A/,��&���'�HK��� -?��()!C����)���	�#�+�)/�$)��!�	�������������C?��7�)��$���/� �)
A/,��

$�������$��$���/���-� F �"$ )���
�����!%������	��/���$�	5�&���'�HK����7�A��/�����)�$�

%������/,$+�,�
.�.��/�$�A/,��&�����.��/ -?���
���)�	,�������)�$�%������	
�A/,��&�����

.��//!$���� (k) �������7����&�����.��/ (n) 

������������)���
%������/,$+�,�
.�.��/�$�A/,��&���'�HK�����,��
# �7���<�/!$����	7�

)!�
��������)����� ��"�$�����!$�������
�����!%��������#� ��<������
�������
�����!%������

	�#�+�)�$�����	' �)
��
���	�#�%�������K�&��� 	5/�
&��� A��%��������#��5)	!�
 )����#�+����

�7������
5�/�������)��J���
���.��/A��.�.��/�)
(�,������5��!$������,$�+!���)����7����	
���<�

������-#7��7�)��$���/�A������.�)%��)���������-#7��
#��(�,�����C�������,�()!

 ��"�$����%��������	5� P �7�)����#� ��,���"$%�������K�&��� 	5/�
&��� A��%��������#��5)	!�


���
	�#��,��	
�.��/���&�
������	' (domestic energy) A�� ���J��5�������	'(	
�
����7���!�

%������ (import energy) 	�#��K�&��� 	5/�
&��� A��%��������#��5)	!�
 �)
�
����,�%��������<��J���


���.��/A�,&���'�HK���	5�&���'�HK��� )����#��?��7���<�/!$��
������%������	
�()!��!���,����

�'�HK�������#�/$�A���%

���#�/$��)

��	,���#� �)
��
���$

)�$���������!�%�������%"�$��)��"$�

�!$�����!�����!�����)��J���
���.��/A��.�.��/�
#��%���������A.�&�%���(+�.,���$�%������

��!���,�$���/�$�����	'/��	
�A�)���&�%	
� 2.2

"��#!3 2.2 M
&����%(�+)��N����
�����?�&
��
��,)�� q �N��
�)����#$ 
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A��+��������%�������� ��/���-� F 	5� P $�������$������CC�����)��A�!����)A�L���"$������

()! ��������C������������������)A�L���"$��������������'�HK���/!��#7�	�#�+�)()!���

��/���-� EF  �)
�������������)� )���
# 

.factoremissionEF � EI   (6)

	�#��
#�����)��"$��!$����$�%���������,���$�����������)���
�����������)��,$
A�L���"$�

�������A/�/,���������������)���
%������/,$+�,�
.�.��/�$�A/,��&���'�HK��� ��,���"$ 

��"�$���������)��,$
A�L���"$����������������%������/��A��A.��$� IPCC (the revised 

1996 IPCC guidelines) ��#� ���+;��,�A�L������$�()$$�(-)���C����)��,$
/,$��"�$�
������

%������ (apparent energy) ��#� P C�����)�� A/,�������
%�������$�����	'%��,��
������	?�

����
�����!%������	
���<��J���
���.��/	
�(�,���)������)��)!�
 A��
���
����
�$�%������	)A	� 

A��%������	)A	�	
���<��,��.���,��+�?���$�%������O$�-��)!�
 �?�/!$�	7����������5�����


%�������,$��7���!�(��7���������)��!��/!� �)
%�>��A��	�����������5�����
%���������

A��	��	
��7����$�)
 Lenzen [41]. 

��"�$)7���������������)���
%������A��)���
�����)��,$
A�L���"$������������)�	
���,��

��A�!��
# ��()!K���!$���	
������C�7�(���!��<�)���
	
��,�
������
�
�$���/�$����������� LCA 

����!�	�����������/!��#7�	
�(�,�����C��!�C?��������;��!$���()!�%"�$�
�
�$���/�$����������� 

LCA ()!C?��7�)��$���/�

2.3  �����
���/��)�����
������
����N��"�����+��,%xx{� (Power sector updating) 

��"�$�)!�
����������)���
%������A��)���
�����)��,$
A�L���"$������������)�)����,��

�!��/!���#�$������<�)���
	
���!���?#�������!$���	
���<��C�/���+��
�Y	7��+!���)�!$����
�������

�7�����!������������ LCA 	
�/!$�����!$����J��5���A/,�;�
�!$�7���)	
��,��!$���/�����J���
���.��/A��

.�.��//!$���!������)	7�C?� 5 �Y ���C?��!$��������!%������A�,�/��&���'�HK��������,��5)��<��$�

�Y 1998 	7��+!�!$���
,$��!����
A��+�������'�HK����
������
�
�A���������!���J���
���.��/A��

������!�������!%���������,�.�/,$�����,���"�$C"$�$�K���!$���)����,�� 

���������
�
#()!	7����������5�������!��&�����.��/(OOX��+!��<��!$���	
�	�����
	
��5)�	,�	
����


�!$�����"�$����.�.��/(OOX���#���<��J���
���.��/	
��
.����	�/,$������%������AD�A��������

�����)��,$
A�L���"$������AD����	
��5) [42] �)
	7����������5�������!���J���
���.��/��

��/���-� A A��������5�������!���J���
�����!%����������/���-� F �)
��!�!$���������!��%������

A�����.��/(OOX����Y �����
���(OOX��Y�'. 1998 2000 2005 A�� 2008 [43] [44] 

A��	�������������5�������!��%�����������)�����������%�������
��
���$

) )���
#  

���������5�������!�������!%������A/,�����)��&�����.��/(OOX���#� ()!	7����������5��,�

$�������$� kjf  -?����<�$�/���,�������!%���������) k  /,$.�.��/�$�&�����.��/(OOX����YK��



14 

(subscripted b ) �)
�,�AO��/$�� kfM , -?����<�AO��/$��������
�
�A���$�/���,�� kjf  ���Y�J��5���

/,$�,� kjf ���YK��  

��"�$���� kjf  ��<�$�/���,�������������!%���������) k  	��/��/,$����,�.�.��/�$�&�����

.��/(OOX� (&�����.��/ j ) �
+�,�
��<� TJ/million Baht; 

j

kj
kj X

F
f �   (7)  

)����#��,�AO��/$�� kfM , �%"�$��!�����������
�
�A���$�/���,�� kjf  ���Y�J��5���/,$�,� kjf ���Y

K�� 

kfM , �	,����  

b

n

bl

nl

bgen

ngen

b

n

bavgk

navgk

bk

nk

bkj

nkj

U
U

TD
TD

P
P

SH
SH

f
f

�
�

�

�
�

1
1

.
1
1

...
,

,

,

,

,.

,,

,

,

,

,

�
�

�
�

   (8) 

 

�)


nkSH ,  �"$ ��$���-;�/��,��A�,����.��/(OOX������"#$�%������) k  /,$���������.��/(OOX�

	�#�+�)&�
������	'���Y n

navgk ,,� �"$ �,������	*�&�%�����.��/(OOX��$�����	'�)
��!��"#$�%������) k  ���Y n  

 nP �"$ ����(OOX����Y n (Baht/kWh).  

ngen,�  �"$ �,������	*�&�%�����.��/(OOX���
�
�$�����	'���Y n

 nlossDT ,&  �"$��$���-;�/���������

(OOX�.,����
�,�(transmission and distribution loss)���Y 

n  

nU  �"$ ��$���-;�/������!(OOX��$���&�����.��/(OOX����Y ���Y n

 &�%	
� 2.3  A�)�������
�
�A���$�/���,�������!��"#$�%������)/,�� P ��&�����.��/(OOX� 

-?�����+;��,��
������
�
�A�����	5� P �Y	
��7���	7����%������ �"$�Y �'.1998 2000 2005 A�� 2008  

�,������	*�&�%�����.��/(OOX��$�����	'�����"#$�%������)/,�� P A�)���&�%	
� 2.4 -?���,�/,�� P 

�+�,��
#�7�������!$�����
���(OOX��$�����	'(	
 [7] �,���!$���	
���!�����������5��,�$"�� P A�)�

��&�%	
� 2.5  ���������5��,�$�/���,�������!��"#$�%�����&�����.��/(OOX���,��
#�
�!$�7���)	
�
��(�,()!

%���������,���$�����7���!�(OOX��������	'�%"�$��!��-?�����YK��
��(�,�
����7���!�(OOX�  
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Fuel mix in Thai power sector

5.96% 7.02% 4.89% 5.36%

20.28%
11.45%

6.96%

18.97%

18.47%

15.47% 22.20%

53.61%
62.92%

72.33% 71.21%

1.10%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1998 2000 2005 2008

year

oth

natural gas

coal&lignite

diesel oil

fuel oil

hydro

 
"��#!3 2.3 
)��M�)����������������+��,%xx{�N������#$%#� 

 

36.90%

30.15%

49.31%

36.84%
38.62%

49.55%

37.35% 37.61%37.39%

32.59%

40.44%
38.06% 39.52%

37.70%37.32%

41.00%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

1998 2000 2005 2008

year

fuel oil diesel oil coal&lignite natural gas

"��#!3 2.4 ���
�#'�"�����!3�N�����+��,%xx{�	���������������&,)�� q 
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-

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

price ratio Total efficiency
ratio

ratio of remaining
from T&D

ratio of remaining
from self use

2000/1998 2005/1998 2008/1998

 

"��#!3 2.5 �
,��
)������%xx{� ���
�#'�"�����N��"�����+��,%xx{� 
)��#!3�(���	�����


�>�
!���
��
)�M�����������

 $�/���,���$�����(OOX� �����	*�&�%�����.��/(OOX� $�/���,��	
��+�"$�����������

��

��
�,�A�������!(OOX��$������.��/(OOX����Y/,�� P A�)���/����	
� 4 ��"�$�7�AO��/$��/,�� P ��

�7������()!�,�AO��/$�� kfM , �%"�$��!�����������5�$�/���,�� kjf  ���Y n /,$�,� kjf ���YK�� )��

A�)���/����	
� 5

��<�	
�����/�,��,�AO��/$�� kfM , �7�+�����!�����������5�$�/���,�� kjf  ���Y n /,$�,� kjf ���Y

K�� )��A�)���/����	
� 5 	
������,� 1 ��/������#�A�)��+!�+;��,�$�/���,��A�,��$��L�-*�����/�

A��%�������#7������.��/(OOX����Y	
������)	7�/�����J���
���.��/A��.�.��/�
�,��%����?#� �,���$�

�#7�����/� )
�-� C,��+���)�� �����	*�&�%�����.��/(OOX������"#$�%���	5����)�
A����!�����?#� 

����(OOX�����?#��������YK�� ��������

����
�,�A�������!(OOX��$������.��/(�,�,$
�
.�/,$�,�

AO��/$�����������5������� 

,����#!3  2.1  Fuel mix updating factor ( fM ) to jkF , 1998

Fuel type Mf,k 2000 Mf,k 2005 Mf,k 2008 

 hydro  1.108 0.621 0.568 

 fuel oil  0.537 0.259 0.034 

 diesel oil  0.122 0.147 0.058 

 coal&lignite  0.874 0.597 0.549 

 Natural gas  1.093 0.964 0.763

 others 0.952 0.555 1.033 
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2.4 ���������������������&��)��M�[
��������	�	���$�}]��	������#$ (GHG 

Emissions in the economy)

������������!�	�������)��,$
A�L���"$�������������!�A��������������	'���������
�
#

()!�7�A��	�����������������������)��,$
A�L���"$����������������)!��%��������

��)������	'/��A��	���$� the revised 1996 IPCC guidelines �����
5�/���!  [32] [33] [34] �)


�7��?�C?������������$�	
�����$
�,����"#$�%���O$�-��	
��7���!���,�'�HK���A��%��������%��������

��"#$�%���O$�-��	
��7���!�(���!���������	
����)������)���$���"#$�%����	,���#� A����"�$����������

�����������)��,$
A�L���"$���������'�HK���()!��!������������)��J���
���.��/A��.�.��/ ��

A/,����!�	���$����(+���!��$�%�������?����������%������	
��,���!���,&���'�HK����%

�+�?�����#�

�	,���#��%"�$�X$����������-#7��)
����
�
.��$����)��J���
���.��/A��.�.��/ �)
�7�+���%������

�K�&�����C������7����	�#�+�) �,��%������	5/�
&���A��%��������#��5)	!�
��#��������%���,��	
���<�

����7���!� (import energy) �	,���#���"�$���� %������	5/�
&���������	'��#�()!C������7����(�A�!�

/�#�A/,A�� ��������"#$�%���	
���!�%"�$��<���/C5)�������.��/�)
(�,���)������)����#��
()!����,����)A�L�

��"$������

������)�����)��,$
A�L���"$��������#������)������	
��
������)�������������	��/��

A�����������/!��#7��$����.��/��&�����.��//,�� P ���������������������$�()$$�(-)�

�����������������������&���"#$�%���	
���<���*
	
����
5�/���� the Revised 1996 IPCC guidelines 

for National Greenhouse Gas Inventories [32] [33] [34] , Module 1 Energy tier I �)
������

�����$��7�������

1000

)()
.

().(
)( TJ

tCfactoremission
unitphy

TJFactorConversionunitphynConsumptio
GgCContentCarbon

��
�  

           (9) 

+����)!�
�����������$�	
�C�������;�(�!��()!�����������$��5	*�	
���)��,$
$$��� (Net 

Carbon Emission) A�������������$�()$$�(-)�	
�C����)��,$
$$��������C�7����()!���

C)(GgEmissionsCarbonActual
12
44)CO(GgEmissionsCOActual 22 ��  (10) 

	�#��
#�� energy module �� the Revised 1996 IPCC guidelines for National Greenhouse 

Gas Inventories ���5�,��7�+����������&�%�������
������#���C"$�,������������$�	
���)��,$


$$������	,���������������$�	
������C�����;�()!����������������%"�A���/���/�$�%"��$�	
�

��

��,� �����@)�$������$� (closed carbon cycle)  [32] [33] [34] A����"#$�%���������)()!C��
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�7�(���!�%"�$��<���/C5)�� ��,� �����������.��/%���/�� )����#��?�C"$�,������������$����,����#�

��()!C����)��,$
$$���A/,C�������;�(�!�����$�  [32] [33] [34]

���,���$����������������)��,$
A�L��
�	� A��(�/���$$�(-)� (CH4 A�� N2O) ��#��?#�$
�,

���	�#������� ���)��"#$�%��� A������&	�$��������	
���!%���������)��#� �)
���
5�/���*
����������

��� the revised 1996 IPCC guidelines in energy sector �)
���,���$������)��,$
A�L�	�#��$�

���)�
#	��/��()!�7�+�)�+! TES �
#��<��������	
�����
��C
�/�)
�-�	
���!���+��� -?������!$��� IPCC 

AO��/$�������)��,$
A�L��
�	� A��(�/���$$�(-)��������	
�����
��C
�/�)
�-�	
���!���+����	,���� 

0.006 kg/TJ A�� 0.003 kg/TJ /���7�)�� 

������	

��	,��,������������)��,$
A�L���"$������ �"$ CO2 CH4 A�� N2O ���,�

�	

��	,������� CO2 �	

��	,����,��$�
5 100 �Y ()!��!�,� global warming potentials (GWP’s) ��� 

The Third Assessment Report (2001) �$� IPCC [35] �	,���� 1 23 A�� 296 /���7�)��  

2.5 �����������
~	
��N��������
���� (Life Cycle Analysis on Technical Energy System) 

�����'?�H����
'?�H����

��	

���Q�����
��/�$�+,���-,%������ �������7���"#$�%���A�L�

�-N$�� A��(��$)
�-���	)A	��#7�������-�� A���#7����)
�-� ��)!��������%������ A��������

�����)��,$
A�L���"$�������
#()!$!��$����/�K�� ISO 13602-1:2002 Technical Energy Systems 

(TES) [45] �)
 TES C����
���,���<�$�������$��$����� $5����� +�"$������	
�	7�����,������%"�$

��!�� ����&� +�"$������
$����<�����	
�	7�+�!�	
����
�
���� ��)��;� ���,� +�"$ �,�.,��%������+�"$

	��%
���$"�� P ������+�?��(���<�$
����+�?���;()! [45] ISO 13602 ��<����"�$��"$	
��,�
$7���
����

��)���+!�����C���
�
A���������+�����%������()!��)��
����?#��)
��%��$
,��
�����������)��

��;� (micro level) TES �����C��<�()!	�#�����	
���<������)
�
� +�"$����	
���<������,����+�,��

������;� P +��
 P ������������ -?��$������$�(�)!�
����.��/%������ �������
�
����

%������ �������,��7���

� �����,�C,�
+�"$��)��;� +�"$����	
���<������������!%������

����������+�����7���!�A��.�.��/ (inputs and outputs) �$� TES ()!C����)A�,���<� 2 A��

$�������$� �"$ ���(+���!�A��(+�$$���A��A��/�#�(A) A����A��A���$�(B) �)
����7���!� 

(input) ��A��/�#� (A) ��<����(+��$����	��%
���	5�A��������	
���
�
��!$���������	5��%"�$��!��

����%�������
#�?#��� ��,� $5����� A��A������������!�� /�)/�#������
#�?#��� 	�#����,���$���(�

$5�����	
���<� hardware +�"$ software %"#�	
�	
���! +�"$�!$����,����� �,��.�.��/ (output) ���A��/�#�

����$�(�)!�
 �
� �$���

 �$�	
��7�����(��
(-����()! �����)��,$
/,�� P ��,� A�L� +�"$�#7���

 

A��.����	�/,$����A�)�!$�	
����)����7��7���!���A���
#[45] 

����������+���A���$� (B) ��)!������7���!���,���� (input) ����$�(�)!�
 %������ 

(energyware) A����������)7������������%������ �!$��������)7��������� ���)5������)������ 
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��,� ��/C5)�� �#7����+�,$�"�� .�.��/ (output) ��A���$� $������<�%������	
�.��/()! (energyware) 

������	
�()!�����%������ (energy service) .�.��/�,�� (by-product) ��,������)��,$
A�L� ��&��� 

+�"$�$���

������.��/[45]

+���7���<�/!$��7�����%������ (TES) 	
�A/�/,�����+��
 P ������	7�������

��	

���� 

��/!$���
��+�,�
+�!�	
� (functional unit) 	
��	,����A���+�"$�����$�	5� P ����%������	
�C��

���

��	

� -?���)
��/�A�!�������7�+�)+�,�
+�!�	
���<�.�.��/	
����)����
��� A����!+�,�
����$�

+�,�
+�!�	
�	
��7�+�)�
#��<�/��+��������������+���#� P 

������������������
��/ (LCA)  C����
��(�!�,���<����������A����������������7���!�A��

.�.��/A��.����	�/,$����A�)�!$�	
���<�(�()!�$�����.��/+�?�� P /�$)$�
5�$�������#� P )����#�

�?���!��/�K������7�+�)����%�������!��/!�����<���/�K��������7�+�)����%�������%"�$

���

��	

����
'?�H�	�#��$����
���

��	

����������
�
# �)
��! TES �,�������/�K�����

���������������
��/  ISO14040:2000  [10] 

��/�K��������������������
��/  ISO14040:2000  [10] ��<����"�$��"$+�?��	
���!�����%������

+��$��������������5�����C��)!������A�)�!$��$����.��/.��/&��B�/�$)�������$�
5.��/&��B� 

�)
��/�K������������ ����$�(�)!�
 4 ��#�/$����������� ��,���"$ ��#�/$������
����X�+��


A���$���/ (Goal and Scope) ��#�/$������)	7�����
��
��� (The life cycle inventory phase: LCI 

phase)  ��#�/$�����������.����	�(the life cycle impact assessment phase: LCIA)  A����#�/$�

���$*���
.� (Life cycle interpretation) �$���/�$���#�/$������)7���������������+���#��?#�$
�,���

+���!$������������A����/�������'?�H���#� P �����?�A��������!�������'?�H��$�A/,�����


��#�
,$�A/�/,���������?#������X�+��
�$�A/,�����'?�H�LCA 

��#�/$������)	7�����
��
��� (The life cycle inventory phase: LCI phase) ��<���#�/$�

��
�
���������;��!$���	
��7���<� �%"�$�+!����5��X�+��
�$����'?�H�	
����(�!��#� P ��#�/$����

�������.����	� (the life cycle impact assessment phase: LCIA) �
��/C5��������%"�$��)�/�

�

�!$����%����/������$��!$�������#�/$� LCI �%"�$�,�
�+!�����C��!����������7����	
��
/,$����A�)�!$�

()!)

����?#� ��#�/$��5)	!�
�"$ ��#�/$����$*���
.�   (Life cycle interpretation) ��<���#�/$������5�

A��������� ���$A��A��	��������5�A��/�)�������"$� �)
��#�/$��
#/!$��$)��!$������
��

��X�+��
A���$���/	
��7�+�)(�!����#�/$�A�� [46]

���
'?�H� LCA ������
��#����	7��+!����5��
����X�+��
A���$���/	
��7�+�)()!�%

���#�/$�

�����)	7�����
��
���A����#�/$����$*���
.��	,���#� -?����

��,� ���'?�H�����
��
�����������
��/ 

(an LCI study) -?�����'?�H���,��
#�+�"$�������'?�H� LCA /,������%

�	
�(�,�
��#�/$�����������.�

���	� (LCIA phase) �	,���#� [46]
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2.6  ��'!���+
������������(��O		
����+��,M��+�+��,�N���
�����������(��
��#��

��������� (Combined PCA and IOA) 

 ��������

��	

�.�()!	
�
5/�*���������	)A	���"#$�%����
�&�%���������
�
��%�+���?�

���	7����'?�H�����+,���-,%�������������

��	

��$���"#$�%����
�&�%�	

������"#$�%������)�)�� 

� �5)��!��� �)
�
��"�$�(��$�.�.��/����������
�	
��	,��)�� ���$���/�$�����%������	
�	�)�	

�

��� A/,��"�$������<����
��	
����7�+�)�$���/���,���$����������/!��#7��������%������	
�

A/�/,������+!�	,����()! �?�()!�
�
�$���/���������/!��#7��+!��<����������	
�(�,�
�$���/��#��5)  

 ��*
����
�
�$���/���������/!��#7��+!��<����������	
�(�,�
�$���/��#��5)�����C���	7�

()!�)
��!�	���������������J���
���.��/A��.�.��/ (Input-Output Analysi) ���������������

%������AD�A�������������)��,$
A�L���"$������AD�������������/!��#7���C?��7�)��$���/� 

-?����

���*
����
#�,� ��*
���.�������������+��J���
���.��/A��.�.��/��!��������������+���!�	��

��������� (Combined PCA and IOA)

 ����!�	�����������	
������C��!�C?�()!)!�
�!$������������()!�������+��)
��*
��!�	��

��������� (Process Chain Analysis: PCA) �)
�����C�7���*
��� life cycle inventory (LCI) 

$!��$�������/�K�� ISO14040: LCI -?����#�/$��,��	
���<� Environmental Impact Assessment ��#�

��()!)7�������������'?�H��
#��"�$������<����'?�H��������

��	

�A��(�,�
�!$���	����	
�'��/��

�����C$*���
������.� LCI )!�
���C,���#7�+�������!()! [45]

����������%������A�������)��,$
��&��������*
�������+��J���
���.��/A��.�.��/�


�!$)
�"$�����C��$���5���!�	�����������/!��#7�()!C?��7�)��$���/� A/,�
�!$��

�"$�,�	
�()!��<�

�,����
�
���&�����.��/�)

����-?����������<�����+������&	
,$
�$�����!�A������.�.��/���

&�����.��/��#� P (�,�	,����	5���
����;���
�!$.�)%��)()! ��*
���.�������������+��J���
���.��/

A��.�.��/��!��������������+���!�	����������� (Combined PCA and IOA) �������<�	
���
���!���

�?#����J�5�����"�$������<���*
���	
������C������5��!$��

�$�����������)���
%������A�����

��)��,$
��&���AD��������������A�� IOA ��()! [10] A����	��/������!�������C�)

.�)%��)������/�)���������/!��#7�	
���!�C?�(�,()!	�#�(������*
�������+�A�� PCA [41] ()!)!�


 �J�+�$
�������+�?���$��������������������/!��#7�)!�
��*
��� IOA �"$ +�����������

/!��#7��
	
����$����.��/���/,������	'A�!� +��/!$��������������������#�)!�
�7���<�	
���/!$�

���/��+!�,�AD������������/!��#7����/,������	'��#��
�,��	,��������!����)�)

����	
�.��/�����

����	' �$�����
#
���
�J�+�)!���!$����$�������!���'�HK���	
���<�������!����$)
/	7��+!���

������� IOA �7���<�/!$����/��+!������!���J���
���.��/�
������!���+�"$������$)
/���Y	
��
���

��)	7�/�����J���
���.��/A��.�.��/�����$� -?�����������
�
#()!��$�A��	�������������5�������!��

�)
	7����������5����,���$�&�����.��/	
��7����A���
.����	�/,$������!���'�HK��������

�������%���������	
��5)�����"$&�����.��/(OOX� [42]
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2.7 �
>�!������	���
~	
���!��, (Life cycle inventory: LCI) 

��������

��	

�.����������������������
��/ (LCA) +�"$ .��������
��
��������Q����

�
��/ (LCI) ����$�����	
�A/�/,�������#��������C���	7�()!�����
	
��
�����HK��+�"$����A�)�!$��$�

	�#��$�������#��	,��	

�����	,���#� [10] 

�7�+������������������!��"#$�%����
�&�%������	'(	
�)
��*
�������+�����+,���-,%��������

��#�/$����������	��/��A�����������/!��#7�����#�A�� P ��#�����!��*
�������+���!�	��

��������� (Process Chain Analysis: PCA) -?������$�(�)!�
�������������
��C
�/���<�

���������	��/�� ���������	��$!$�	
���!��*
 PCA ����$�(�)!�
���������.����"#$�%���

�
�&�%�����"#$�%���O$�-�� ���������.��/��"#$�%����
�&�% ������������)��/C5)�� ���������

���,� A����/C5)��	
�-"#$���������������%������ �)
����#�/$� PCA �
#���$)��!$������/�K�� 

ISO14040:2000 [45] -?����<���/�K����������������������
��/ A����/�K�� ISO13602-1 ���

�������+�����%������	���	���� (Technical Energy Systems) ���������.��/��"#$�%����
�&�%��

���'?�H��
#����<����������.��/A��/,$��"�$�-?����<��������������%����
��	,���#� �7�+���

���������/!��#7���#��?� $"�� P 	
�(�,�����C��!�C?��)
���/�)/����;��!$���()!����!��*
�������

%������	��AD�����J���
���.��/��#��$� P �$���/�$�����������+�����������)
��!K���!$���

%������A�������)��,$
A�L���"$���������.��/&��B�	
�.��/�������	'(	
A
�/��&�����.��/

-?��()!��)	7������'?�H��
#�)
��*
����������+��J���
���.��/A��.�.��/ (Input-Output Analysis: IOA) 

�����'?�H��
#()!�7�+�)�,���������
�
���"#$�%���������)+�?����<�$
����)+�?����#� ��/!$�$
�,

&�
�/!&������������"�$��C
�/�	
��	,���� A���7�+�)�+!�$���/����������+�����#��������+���!�	��

����������
�$���/�$�����%������ (the technical energy system :TES) 	
��	,���� �����

�������+���!�	����������������������	��/��������%������	����"$���#� ������%������	��

/��	
���! �����������)��,$
A�L���"$���������������)�������������+���/,$������+�,�


+�!�	
�	
��	,��������%���������

��	

���C�����(�!�,��+�?�� %������A�������������)��,$
A�L�

��"$������AD���	��%
����7���!������������/!��#7��$����������.��/�$*��$���C���������+�

��!�	��������������7�)����#�	
��$� �7�)����#�	
���� ��� (������	���(�,�����C��!�C?��!$���()!�?�

�7���!��!$���A������,��%"�$�������.��������*
�J���
���.��/A��.�.��//,$(� 



22 

�##!3 3

���!$��}�������M�����+��,����������M�[
�*\��� 

�����'?�H� LCA �$��$*��$�����
�&�%��#�.����'?�H������
�+!.�	
���<��������A/,���

��
�+�.���<������� -?�����+/5$�����������������)!�
��*
	
�A/�/,����� �$���/�$����������

/!��#7�/,����� A��$���
���+/5���%������AD�	
���!����!�	��/!��#7�(�,�	,�����?#�������A�������!

%����������	'����	'/!�	���$���/C5)��	
��7���!� �$�����
#.��������������������	'�)

�����;

$��A/�/,�����()!��"�$�������/�#����/�K���������!%������/!��#7� ���C?����/�#����/�K����

������������,�	
�A/�/,����� .��$����'?�H��������;���

��	

����������#7����	
��	,���� ���

����;���

��	

���������.���%*�	
�()!��������!�#7������"#$�%�����#� P 

���
'?�H��
#��<�������

��	

�.���%*�����������
���+�,�������!�#7������"#$�%������)�)��

/����/� ���������
�
�����!�#7������"#$�%����
�&�%�%"�$�+!()!��
�	������������
��C
�/�	
��	,��)�� 

������/�K��	
�/�#�(�!�,�+��.�!����&���
��)
	
������
�
������!�#7������"#$�%����;�7���<�/!$��+!�!$���	
�

�����C�+!��"�$()!�,������()!��
�	�����������
��	,��)�� �%���+��.�!����&�()!�������#7����/,�����)

���	
��
�������	,��)�������(�,�����C������"�$��C
�/�(�()!��
�	���	,��)����"�$����$�/�����

��#����"$���"#$�%������
�
�A���(� -?����� [46] [47]  A���7��,�+����	7�������

��	

��%"�$
"�
��.�

������)%������A�������)��,$
��&����������������
�
��#7������"#$�%��������"��
�/����-��

+�"$)
�-���#���/!$�	7�������

��	

�	
�.���%*����������������,� (transport service) 	
�()!������

���������Q�����
��/A�� well-to-wheel basis )����#�.���%*�����������
��C
�/�������
'?�H������

����
�
#�?��7�+�)(�!	
���
�	��	
��C
�/�	
������C����
�()!	
��	,�����+!��<�+�,�
+�!�	
� (unit function) 

�$�����%������/,�� P 	
�	7����'?�H� 

�������7�+�)+�,�
+�!�	
� (unit function) �$��C
�/��)��	
��/���#7������"#$�%���A�L��-�
��,$�

����������
�
��#7������"#$�%����+!��<���
�	�����������
� 1000 ������/� )��A�)���&�%	
� 3.1 input 

	
���!���,����%����������$�(�)!�
 �#7����A�L��-�
������� 85% A��MTBE -?����<����������%���

������$$�-����A�,��"#$�%����%"�$�,�
�+!����.�(+�!��"#$�%���������� ������ 15% �)
�����/� ���

������)�������"�$�
�/��,�.��+!���)A�L���"$������$$�����<�.��/&��B��,�������!�	��

���������+����$�����%�������
# 
 

 

 
"��#!3 3.1()���*)��������
���������������(�
�N�����N
�N!3����,�#!3�,������������M�[
�*�!� 
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 ���'?�H����

��	

�������������
�
������!��"#$�%���()!���

��	

���+�,������%������	
�

�/���#7�����@�/���

�A�L��-�
�/����/� ��� ���
	
��/�� E10 A�� E20 

��/C5)��	
���!�����.��/�$*��$�(�!�#7� (anhydrous ethanol) ��"�$�������'?�H��,$�+�!��
# [6] 

%��,�A�!�,����.��/�$*��$��������#7�/�� (molasses) �������C	7�()!�)
(�,/!$��������
�
�����

�����.��/���������#7�/��A��������.��/A$��$N$��������A/,������	'(	
�
'��
&�%�$�

��/C5)�����$5/��+�����#7�/��(�,�%

�%$	
����X$��+!A�,�������$*��$�	
�/!$������&��%������

/��A.���
��
�����!�$*��$�.����A�L��-N$��	
����(�!A�!�()! A�!�,����
/!�	5�A�����������

.��/	
������,��;/���7���<�/!$�%?��%����������.��/�$*��$��������7���+���������	'����
�


�� )����#������
'?�H��
#����!���������/!��#7������.��/�$*��$��%"�$��<���"#$�%���A�L��-N$�� 

E10 A�� E20 )!�
����7���+���

���/�K�������������/!��#7�	
����(�! �"$ .�.�$
()!������.��/�$*��$� �"$ �5�
�#7� C"$�,�

�������C	)A	��5�
���
������������%������/!�	��()! -?��/!�	5��,���
#�
$�/���,�������� 5 % 

�$�&������%����������7���+���

��!�	������������$�����%������	
���!��"#$�%���A�L��-N$��A�)���&�%	
� 3.2 .�.��/	
�()!

�������%����������,�
�%

���
�	��	
�����
�()!A/,
���
�����)��,$
A�L���"$������	��/��$
�)!�
 

�J���
�7���!����������	��/������$�)!�
�$*��$�����5	*�3�������� 10 % �����
���� E10 

�#7������"#$�%���A�L��-�
���$�/���,�� 90% A�� �7�+������
 E20 ����$�)!�
�$*��$�����5	*�3��

������ 20 % �#7������"#$�%���A�L��-�
���$�/���,�� 80% 	�#��
#����"#$�#7����A�L��-�
�C"$�,�.��/��

���&�����.��/�#7�����@�/���

� �7�+���������%���������

��	

��"$���
	
��/���#7������"#$�%���

A�L��-�
�/����/���#��J���
�7���!�������$�(�)!�
��� MTBE 	
�.��/����� methanol  A��

isobutylene -?�������'?�H��
#C"$�,���<�.�.��/	
������&�����.��/�#7����)��A��A�L�*�����/�&�
��

�'�HK���

�J���
���.��/	
��
�,���7����/,$���������+��� �"$ �#7������"#$�%���A�L��-�
� ��� MTBE [48] 

A�� �$*��$�����5	*�3 A/,C"$�,��#7������"#$�%���A�L��-�
� A����� MTBE ��<����
��/�	
��'�HK���.��/

$
�,A�!���<�����7�)����#��?��������������%������AD�A�������)��,$
A�L���"$���������)���
	
�

������������*
�J���
���.��/A��.�.��/ 

������%������	
��
�,��.���$��$*��$���#�C"$��<���������+�,���'�HK����?�	7�����������+�

��!�	��������������.��/�$*��$�)!�
��*
 PCA %������	
���!����!�	�����������	
��7����$
�,��

��������� liquefaction fermentation distillation A�� dehydration �5�
�#7�C"$�,���<��$���

���

���������.��/�$*��$�-?�������'?�H��
#�����<�.�.��/�$�	
������C�7�����(���!�����������

�%��������/C5)�������.��/�$*��$�()!$
,��%$�%

� 
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"��#!3 3.2 ()���*)��
����N��������
����#!3������������� E10 

��"�$%�������������������!%������	��/����#� .��$��,������!$�	
��)������"#$�%���A�L�

�-N$��
,$��,�.���$�/��	
��	,������)!��$�/�������#����"$���"#$�%��� [47] �,�$�/�������#����"$�

��"#$�%����$��C
�/�	
��/�� E10 ��A/�/,��������
�,$����
�
����)��"#$�%����%����?#������� 3% [49] 

�7�+���$�/���,��.����"#$�%���$"�������C��)�7������<���!�/��()! [47] �5�����/��$��,��.���$�

��"#$�%���	
���
�
��!$�������
'?�H��
#A�)���/����	
� 3.1

������
�
���"#$�%������C
�/�A�L��-�
������C���	7�()!���C
�/�	
��
�����������$�/�����

�X$���"#$�%���A��$�/����/��	,���#� A��$�/���,�����.���$*��$������C��<�(�()!/�#�A/, 5% (�

��C?� 25% �)
(�,�7���<�/!$�����A/,����"�$�
�/� A/,(�,A���7��+!��!��"#$�%�������&	�
#����C
�/��5,�

��,� �7�+���$�/���,��.��	
������,� 25% ��#������!���C
�/�	
������CA�����
�
���"#$�%���()! �"$ 

Flexible Fuel Vehicle (FFV) -?�������CA�����
�
��,�
.���$��$*��$�()!/�#�A/, 0-85% �7�+���

�C
�/�	
��/�� �$*��$� 100% �����)�J�+�����/���	���"$,����$���'�
;� [49]   

,����#!3 3.1 �/�
��
,�N��
)��+
�N������������

 Density* (kg/liter) LHV* (MJ/liter) Oxygen by weight 
Gasoline     0.749        32.23  0%
Ethanol     0.792        21.19  34.70%
MTBE     0.742        26.05  18.20%

    *
A���+�,�
��� [8]

 
 

/����	
� 3.2 A�)�.��������������$�/���,������)���$�$�/����#����"$���"#$�%����$�

��"#$�%���A�L��-�
� E10 A�� E20 �)
$�/����#����"$���"#$�%����$���"#$�%���A�L��-�
���)���C?��,�

�����!$��$� MTBE 	
�.��$
�,)!�
 �� [48]  A�� [50] ���5�,�$�/���,��.���	,���� 10% A/,�� [51] 

���5�,���"#$�%���A�L��-�
�����
$�/���,���$�$$�-���� 2.7% �)
������#7����A�L��-�
��;�%

�%$

�7�+���������)��A�!� -?���������7����%�/!$��
�,��.���$� MTBE 15% �)
�����/��%"�$�%����+!

�
$$�-���� 2.7%  )����,�� ����,��.��)����,��	7��+!�,������!$��$���"#$�%����)�� 2.87% �7�+���

������$$�-����	
�/!$����)����,��A�!�����"#$�%���A�L��-N$��/!$�����$*��$��%

� 7.5% �)


�����/��	,���#� )����#���"#$�%��� E10 A�� E20 �?��
������$$�-����	
�����%

�%$/,$������)��	
�
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�������A�!�,����
�,������!$�	
��)���;/��  

����,������!$��$���"#$�%��� $�/���,��.�� A����"�$����������.��$���
�	��	
��	,��)�����

�������
� $�/���,��.��	
�/!$����/,$��
�	����A/,��+�,�
A�)���/����	
� 3.3 

,����#!3 3.2 �����������
,��
)������&��N���
,��
�������������������N�� E10 M�� E20 

  �)���������#!3�&�� ����&��N���
,��
������������������� 

Reference to Gasoline Gasoline  CPG 

Premium Gasoline -2.87% -2.87% Na. 

 E10 -3.43% -3.43% -0.57% 

E20 -6.85% -6.85% -4.09% 

,����#!3 3.3 ����,������
)��+
�#!3���3�N���,)�����#��#!3�#)��
� (liter/km) 
  Fuel 

Economy (km/liter) 
Gasoline  MTBE  Ethanol  �,��.��	
��%����?#�

CPG 10 0.085 0.015 - Na. 
E10 9.943

(-0.57%)
0.0905 (+6.49%) - 0.0101  

(+0.57%)
E20 9.591

(-4.09%)
0.0834

(-1.86%)
- 0.0209 (+4.27%) 

"��#!3 3.3 ����������(��
��#�����������N��������
����#!3������������� E10/E20 
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����������+���!�	������������$�����%������	
���!��"#$�%��� E10/E20 -?���
�
���

�������+���!�	�����������/!��#7��$�����"#$�%����$*��$��������7���+���A�)���&�%	
� 3.3 ��*
 

PCA ���	7�����#�/$�/�#�A/,���������	
��$*��$�������!��!� 99.5% 	
�.��/��������������

���
�
�A�X��������7���+����+!��<��#7�/�� .,�����������+���A���7��#7�$$�����$*��$�()!C��

�7���.������#7����A�L��-�
�	
�.,�����.��/������������#7�����@�/���

�/�����
��/� -?����!��*
 IOA 

���������+�/,$(�  

  �!$����7�+�������������+� PCA ����#�/$����������/!��#7��$����.��/�$*��$�(�!�#7�()!

'?�H������
����� [52] -?����<���
������Y 2548  ����7�A��/!�	5������.��/�$*��$�(�!�#7����

�����!�A�)���&�%	
� 3.4 �)
��/!�	5�	�#�+�)������ 8.61 ��	/,$��/� ��<��,���$���/C5)�����

+����� 60.4% �����
'?�H��
#()!������/�K���,��
����7�.�%�$
()!�"$�5�
�#7�����!����
��������

�%����������7���+���/!�	�� ����$����$!��$�� [53] 	
����5�,�.�%�$
()!��<��5�
�#7��	,���� 10% �$�

�$*��$�	
�.��/()! A��+���������5�
�#7��	,���� 282.49 ��/��������C	)A	��5�
���
	
���!�����

�%������()!�	,���� 31.31 �������� A����"�$%���������������!���J���
���.��/A��.�.��/ [29] ��

%��,���&������%����������7���+���/!$���!�,�
/!�	5��,��5�
��$�/���,�� 5%  ������!��/!�	5��$�

&������%����������7���+����$�����	'(	
A�)���&�%	
�  3.4 +�����/��+!�5�
�#7������C

	)A	��5�
���
	
��)����!������%������()!	�#�+�)���������������"#$�/!�%��,��5�
�#7�	
�()!���

���������.��/�$*��$����
������	
���������/!$����������%������ A��+������%���������

�7���+���(�,/!$�-"#$�5�
���
��
�������C�)/!�	5��$�+�����()!��60.4% �+�"$ 59.2% )��A�)���

&�%	
� 3.5 

Cassava Sector: Cost Input (from I-O table)

Agricultural Services
23%

Wages and Salaries
43%

Cassava
13%

Banking Services
5%

Retail Trade
2%

Petroleum Refineries
1%

Wholesale Trade
4%

Cutlery and Hand 
Tools
1%

Fertilizer and 
Pesticides

5%

Road Freight 
Transport

1%

Coastal & Inland 
Water Transport

1%

"��#!3 3.4 
)��M�)�,��#/�N��"��������������
�
?���(�
�

	
���: ���
5�/��!$������/�����J���
���.��/A��.�.��/�$�����	'(	
 [29] 
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cassava raw mat.
59.2%

Plant Investment
9.9%

chemicals
8.0%

process water
1.8%

man power
14.0%

electricity
7.1%

"��#!3 3.5 
)��M�)�,��#/�N�����+��,��'����%����?�#!3%�)��&,��#/��/����(
��
�
&

-

0.050

0.100

0.150

0.200

0.250

0.300

EtOH from chip
Cassava

EtOH from root
Cassava

EtOH from
Molasse

kWh/liter

Tuber handling raspering
Milling
Liquefaction&Saccharification
Fermentation
Distillation
Dehydration
Effluent Treatment

"��#!3 3.6 
)��M�)���
���������+��,��'����%����?�	���
�
?���(�
� 

����	
��
�������������������������	������������������������������� 0.254 kWh/liter 

!"#��	
��
������$&���'*&�#+&�,;�������������'�<����'��<������'�<������,;#���=�������� �����

����
	��,��"��������$

�	>���&�'����=������	�?��
���$��'�@�'��
��$" '����	��������?�� 

molasses �������?�$�
��J�"
�������,;�������������������������&������'�<�����=����������

�"�����'
"���
�� 65% ("+������K�
�,; 3.6) 
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�7�+���������%������A�������������)��,$
A�L���"$������AD������������/!��#7� 

(Upstream Process) �$����.��/ E10 (A�� E20) �$��J���
����7���!���,����������+� PCA 	
��+�"$

	�#�+�)()!	7�����������+��)
��!�!$���)���
%������A�������������)��,$
A�L���"$������	
�()!���

����������+� IOA �	

��	,��$��Y�'. 2005 �)
��!�!$���/!�	5��7���!���������� PCA ������$� 

/����	
� ��<�����	

��J���
����7���!����&���'�HK���/��/�����J���
���.��/A��.�.��/ 

�,��.�������� 90 % (���
 E10 A�� 80% �7�+������
 E20) �)
�����/���<��#7�������-�� 

(Gasoline) �)
���,���$����������/!��#7��$� Gasoline ����!�!$��� IOA ��� sector 93 

Petroleum Refinery �)
������%������A�������������)��,$
A�L���"$������AD���

���������/!��#7� (Upstream Process) �$����.��/ Premium Gasoline ��#���"�$���� Premium 

Gasoline ��<��,��.���$� MTBE $
,��/�7������� 5.5% �)
�����/�-?����<�.�.��/�����������

�#7���� A�����,��	
��+�"$$
� 94.5% �)
�����/��"$ Gasoline ��<�.�.��/������������#7����-?����<�

���
��/��������'�HK����+&��$
�,A�!�)����#������� Upstream Process �?�	7��������������

�!$��� ����!$��� IOA ��� sector 93 Petroleum Refinery  

���,��.��-?����<� Ethanol ��#�������'?�H�%��,����.��/ Ethanol �������#7�/�� 

(molasses) -?��C"$�,���<����)5�+�"$	�#����$5/��+�����#7�/��������	'��#�(�,�%

�%$/,$����

/!$����/��	
���K()!�����
��
(�! )����#��?���)�����()!�,�+���
�����!��"#$�%��� E10 /����
��


A�!���/!$��
���.��/ Ethanol �������7���+�����	
��5) -?�����������.��/ Ethanol ���A�X���#� ���


���������	
�-��-!$�����?#� -?���J���
���.��/��#��$��������<��J���
	
���<� Consumable input 

A�!�
���
�J���
���,���$������	5������"�$�����/$5����� A��������)!�
  

,����#!3 3.4 ����#!���O		
�����?��N���
�"���$�}]��	,��,�����O		
����+��,M��+�+��,

�����!$��}�M�[
�*\���

�O		
�����?��N�� �#!���#)�"���$�}]��	 

Salary  201 Household 
Cassava root  004 Cassava  
Cassava chips 
Alpha Amalase 
Amyloglucosidase 

 050 tapioca milling  

Molasse  055 Sugar  
Calcium chloride  084 Basic Industrial Chemicals  
Premium Gasoline, 
E10, E20, and other 
petroleum products 

 093 Petroleum Refinery 

Electricity  135 Electricity 
Process water  137 Water Supply System  
Construction of 
Ethanol Plant 

 139 Non-Residential Building Construction 

Ethanol  062 Distilling Blending Spirits 



 

�##!3 4 

���!$��}�������M�����+��,����������%���&!�*� 

������,�����������!��"#$�%���(��$)
�-�������	'(	
��#��
��/C5��������%"�$�)�����!

��"#$�%���O$�-����,��)

���� �)
��"#$�%���(��$)
�-�	
�()!������������5�/��A.��"$ B5 -?����<�

�,��.�������� 95 % ����#7����)
�-�+�5���;� (High Speed Diesel) A��$
� 5% ��<� Biodiesel 

(B100) �7�+��������! biodiesel B100 	
�.��/����#7����C����+�"$�������	'�+��K$��������#�������

	7� LCA �$� Sheehan et.al. (1998) [54]  %��,��������!��"#$�%��� B100 	)A	��#7����)
�-����C

��������C�)�����������)��,$
A�L� CO2 ()!C?� 78 % [55] 

�7�+����	�����

���.��/(��$)
�-������'?�H��
#�7�+�)�+!��<����������.��/(��$)
�-�

A��/,$��"�$�A��),��	
�.��/����#7�����������/$������$5/��+��������� -?���#7�����������/$�����<�

.�.��/�,�� (discounted product) ������������������#7����������$��$��-?��+��(�,�7�����<�

��/C5)�������������.��/(�)
�-�A�!������C���7�(���
��<���/C5)����$5/��+�������"�$��7�$���� 

[13] �����������	
������C��;��!$���()!��#����	7������;��!$�����������$5/��+�������+
��#7����

����� /,$��"�$�C?����������������#7�������������������+���!�	����������� (PCA) %������AD�

A�������������)��,$
A�L���"$������AD���	��%
���/!��#7�	
�C��-"#$�%"�$�7���!���,���������

�������+���!�	����������� (PCA) C����������)
��!K���!$���)���
%������A�����������

��)��,$
A�L���"$��������������������J���
���.��/A��.�.��/ ���
'?�H��$������!

��"#$�%���(��$)
�-���
��%�+������<����
���	)A	��#7�����@�/���

�)
�-�)!�
�#7����.��(��$

)
�-���$�/���,��	
������C+�()!��	!$�/��)�)
�+!�
.�.��/����������������C
�/�	
��	,��)�� 

4.1 ����������������%�&!�*�

Biodiesel �"$�$��/$�� (ester) 	
������C.��/()!���(������/��+�"$�#7����%"� �)
���)���

�������
���+�,�� Triglycerides  ���#7�������A$��$N$�� A����!/����,�������
���<���) +�"$),�� -?��

�J��5��������!),�� ��,� NaOH +�"$ KOH ��<�/����,��������
��)
�5�����/��$� Biodiesel 	
��
�5�&�%

��/!$��������/C5)��	
����'����������EF$� A��.,�����������	7��Q�����
�	
��������-?�����?#����

����A��$5�+&��������	7�������
� [55] 

 �)��	
��#��
�����!�7��,�(��$)
�-�����#7����%"�)�� ������	�	�����������$� Shahid and 

Jamal [57] �����
����$������	
�'��/����,� 50 	,�� �,������!(��$)
�-�)�������"�$�
�/����)��

&�
����<���
�������� P ���,�.��+!���"�$�
�/����)������

+�
 ��"�$�����
C,�����)�?#�����	
�

+���
)A�����)���
?)/�)�$�A+������$���� �,��(��$)
�-�	
�.��/.,�����������	���-��$��/$��

�$��#7����%"�+�"$�#7������/�������CC��������5��+!�
�5����H����%�����!��

�����#7����)
�-�	
������

�����"#$�%���O$�-�� (D100) ()! ����7�(��$)
�-� (B100) ��.����� D100 ��$�/���,�������/�

�����,� 20% ��	7��+!���)�J�+����-,$��7��5�A�����"�$�
�/�$�����

+�
()! )����#�+��/!$������!
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������"�$�
�/��+!�
$�
5�����!������ P �?��
�7�A���7��+!�/���#7����(��$)
�-�	
��
�,��.��	
��+����� 

����/���#7����.��(��$)
�-���#��
��
����,���	7��+!���"�$�
�/��
�7�����!����� (brake horse power) 

	
�/�7���A��$�/�������#����"$��#7��������?#���;��!$
A/,�
���+�,$�"��	
�)
�?#� �����)��,$
 NOx �!$
�� 

(�,�
�����)��,$
 SOx A�� CO2 �������.�(+�!���,��.���$� B100 ����"#$�%���.�� [57]

 �����
����$� EPA (��$)
�-�������$��$��	$����#������C�7���.������#7����)
�-����

�@�/���

�()!��	5�$�/���,��.�� A/,$�/���,��.��	
���<�	
���
��"$$�/���,�� 2%, 5%, +�"$ 20% -?��

��

��,� B2 B5 A�� B20 .�!.��/�C
�/��,���+�,
��(�,A���7��+!��!(��$)
�-�	
��
�,��.�������,� B5 

A��.�!.��/�C
�/������

�����������������+����!�7����(��$)
�-�	
��
�,��.�������,��
# -?��

��
���$

)�������������?#�$
�,�����,�"$�C	
��7�+�)�)
.�!.��/ [58] ������
�
�����/����"#$�%����C
�/�

��� D100 ����<� B2 +�"$ B5 �����C���	7�()!	��	
+����������X$���"#$�%����$��C
�/���<�

��������$�/������X$��#7����A��$�/����/��	,���#� [49] A�� EPA ��
����,������C.��(��$)
�-�

()!��$�/���,��.��(�,���� 20% �)
(�,	7��+!���"�$�
�/���

+�
 A/,(�,A���7��+!��!�����"�$�
�/��5,���,� 

[49] 

$�/�������#����"$��#7�����$��C
�/�	
��/��(��$)
�-��������,��C
�/�	
��/�� [58] A/,�����)

$�/�������#����"$���"#$�%�����#��
����A/�/,����������"�$����$�/�������#����"$���"#$�%����?#����

%�/������������
� �&�%$���'���������
� �&�%�������� $5�+&����$��#7�������	
��/���#7����-?���


.�/,$�����/��#7����	
��/����C���#7���� A������)��&�
��
���C
�/� [59] ������	)�$�

���

��	

����C����)
����)
���

��	

��������+��A�,��$�%���������������/� (volumetric 

energy density) National biodiesel board (2007) [13] �$�����	'�+��K$��������
����,�(��$

)
�-�����#7����C����+�"$������C�+!$�/�������#����"$��#7������"#$�%���()!���!��

�����#7�����@�/���

�

)
�-� ��"�$�����,������!$��$���"#$�%����@�/���

�)
�-��
�,� 131,295 Btu/gal A��(��$)
�-��
�,�

117,093 Btu/gal )����#��,�������#����"$���"#$�%���(��$)
�-��?������,� 2%-3%  Worapun et al. 

2006 [60] ��
����,�������	)�$����"�$�
�/�)
�-�A������)

��)
��!��"#$�%���(��$)
�-�����#7����

%"���!A�!� ���"�$�
�/����
A����)�)�� 4.1 % �)
�,� output �$����"�$�
�/�	
��)���
�,����!��

�����,�

�����!$�	
�/�7���,� -?�� NREL [61] ()!A���7��+!��!�,�������
�
�A���$�/�������#����"$���"#$�%���	
�

�$)��!$�����,������!$�	
��)����������
�
����/���#7����(��$)
�-� 

4.2 ���+��,%���&!�*� (Production) 

Zhang et al. [62] ()!%�>�����������.��/�#7����(��$)
�-�A��/,$��"�$�����#7����%"�����5	*�3

+�"$�#7������5�$�+����!A�!�&�
�/!�&�����<���)+�"$��<�),�����	�#���#��
���������� �)


���������&�
�/!&���),���)
��!�#7����%"�����5	*�3��/!$����$5����������.��/	
��
���)��;�	
��5)A/,

�
������/C5)�����	
��5) +����!�#7������5�$�+����!A�!��������C�)/!�	5�)!����/C5)��()!�����!

�	�����

	
���<�&�����)���+�������,���"�$�����
�,���)(����$������� (free fatty acid :FFA) 
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��"�$�����������
����-��-!$��!$
��,� 	�#��
#�
�7�A���7��,��	�����

A��),�������������.��/(�

�$)
�-�������%����
����
���������C�����A�,����	
�)
��,�  

���������.��/(��$)
�-�������	'(	
�������<����������	���-��$��	$��O@������A��

),�� �)
�
���.��/A����A��A��/,$��"�$� �)
A������
���

��,� (��$)
�-��5��� 	
��
��/C5)����

����#7������5�$�+��	
�.,�������!A�!� 	�#��
#�5�&�%�$��#7����(��$)
�-�	
�.,�����.��/A���������(�,

A�,�$� A��A�!�,�/!�	5������.��/��/�7�A/,���%��,������.��/�������%���������!��+��A��/!$�

	�#�(���"�$����$���
�J�+�)!����������)(����$�������#7����%"���!A�!�	
�(�,A�,�$�A��.�!)7��������

.��/(�)
�-�A�����������)������!)!�����
 [63] 

/!�	5�)!����/C5)���$����������.��/(��$)
�-�A��/,$��"�$��,$��!�����A/,�5�&�%�$��#7����

����<�	
�
$����()!�����,�A�������C��!���,����%����
�()!�����,� +��/!$������!�#7������5�$�+��	
�

.,�������!A�!���<���/C5)�������.��/����%����
������	5�/�)/�#������	�����

A���$���#�/$�-?��

/!$���!������	5������,� �	�����

A��(������O�;�����C�)��
�������������)�������
�A���)

%"#�	
������/�)/�#�����()!A/,����,������	5�/�)/�#�����������A����%�����������7��,$��	,���#� [57] 

 �#7����(��$)
�-�������$��	$����<���"#$�%���	
������C	)A	��#7����)
�-�()!������%����
�	
�

�����C.��/()!	�#�����#7����%"�+�"$��/�� ���.��/(��$)
�-������C.��/�����/C5)��	
���<��#7����%"� 

��,� �#7��������� �#7������%�!�� �#7����C����+�"$� �#7����C��� �#7������ �#7�����!���%) �#7�������;)

	��/���� A�����,)7� �)
�����!��"#$�%���(��$)
�-�����)��,$
A�L���"$������/�7���,���"�$����.��/

���A+�,���/C5)��	
���<�%������	)A	����&�
������	'A���,�
�)�J�+�����������)!��%������

�$�����	'()! [9] 

A+�,�	��%
���	
������C�7���.��/��<�(��$)
�-�������	'(	
 ��,� �#7������5�$�+��	
�.,��

�����!A�!� �#7��������� �#7������%�!�� ���,)7� A/,%��,��#7����������
'��
&�%�������<���/C5)�������

.��/(��$)
�-������,���"�$���������CA�,����()!������%����
������,��#7����%"����)$"����"�$�����


.�.��/���A��/!�	5����.��//�7���,� A�������C��)�+!�
$5�	����/C5)��	
��%

�%$()!&�
������	'

+���7�+�)��<���
��
%�������$�����	' [64]   

4.3 ���������� LCA  

��"�$�����������������#7���<�����������A�����

��	

�)����#��?�)7���������)
�7�+�)

��X�+��
A���$���/ (Goal and Scope) ��)	7�����
��
���A��	7���
.� 

4.3.1 ��{�(��� (Goal) 

��"�$����������

��	

������
'?�H��
#��<�������

��	

�.��$����	)A	���"#$�%���(��$

)
�-����������C
�/�)
�-� A�������
��
�+!�
��"#$�%���(��$)
�-� B5 A�� B10 ��
������%����
�

&�
���Y 2555 �?�	7�������

��	

�+,���-,%�������$� D100 B5 A�� B10 ��/C5������������

���

��	

��%"�$�+!�+!�����
����$�����������
�
�����/���#7��������������C
�/�)
�-� ������$�
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����)������%������A�������)��,$
A�L���"$���������/�$)	�#�+,���-,%������ -?��+�������C

�)������%������O$�-������������()!���,�.�)
/,$����	'������)���%?��%�%������O$�-�� A��

+���)������A�L���"$�������������������	7��+!.�!����&������C�
�,���,�����������	��J�+�

������
�
�A����&�%&���$���'��������!%������ )����#���X�+��
�$����������������#��
#�"$

.�!����&�	
�����
��C
�/�)
�-� 

 ��������.���� LCA �$�������/,�� P ��<��,��)

���#�(�,�
+������	����	
�'��/���)

�����C
"�
�����C,���#7�+��� [10] ���'?�H��
#�?�	7����'?�H��%

�����)�� LCI 	
������C�+!.�

���'?�H������%������A�������������)��,$
A�L���"$������	
�$!��$�����+�,�
+�!�	
� 

(functional unit) �$�����%������  

4.3.2 N���N, (Scope) 

.�������������� LCA ����������
��C
�/� compression ignition (CI) A�� spark ignition 

(SI) engines 	
��
�����!�#7������"#$�%���/,�����)�����.��$��������
�	
��	,��	

��������<�����,�



"�
���!$)
�$����	)A	���"#$�%����@�/���

�)!�
��"#$�%����
�&�% [14] )����#������'?�H��
#�?�

�7�+�)+�,�
+�!�	
� (functional unit) ��<�.���%*�����������
��C
�/� �������%������	
��7���

���

��	

�����
#�
��X�+��
	
���
�	��	
��	,���� �"$ 1000 ������/� ��"�$�����$���/�$�	�#��$�����

	
��7������

��	

�����7���<�/!$��	,����A/,��<����
��	
������5�$���/�+!�	,��	

�����������

%������	
�A/�/,����� )����#��?�	7�������

��	

��)
�+!�$���/����%�������
�
$$�(�A��(�,

��#��5)�)
��!�	���� combined IOA-PCA   

������������!�	���������������*
�������+���!�	����������� (PCA) ������%������	
���!

��"#$�%���(��$)
�-�.����#� �����������������	
�.������	
�-"#$���������������%������C���,���!�

������+
��#7��������� ����� A��.��/(��$)
�-� ���,� B100 (�.������@�/���

�)
�-� �,�����
	
�

�C��
�#7���� A������
��C
�/� &�%	
� 3 A�)�����%�������$�����	
���!��"#$�%���(��$)
�-�.�� �)


�,��	
���<����������/!�	���$��@�/���

�)
�-���#�C"$�,��
/!�	�������&�����.��/�#7����

�@�/���

� A����,��)

�������������/!��#7�$"�� P 	
�C���,���!�����%������	
���C���������%������

AD�A�������������)��,$
A�L���"$������AD����K���!$���)���
%������A�����������

��)��,$
A�L���"$������	
��������������)��J���
���.��/A��.�.��/ (I-O model) 

.����	���������������"$������%������ A�������������)��,$
A�L���"$������ -?��

����$�)!�
 CO2 CH4 A�� N2O �)
������������)��,$
���A/,����!�	�����������)!�
��*
���

	
����
5�/����A��	���$� the revised 1996 IPCC guidelines �,���	$�������������+� LCA 	
�

�$)��!$������/�K�� ISO14040:2000 A�)���/����	
� 4.1  
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"��#!3 4.1 ������!���#!�����$��}� LCI ������#��#!3�#)��
� 

,����#!3 4.1 �����,���#��N�� ISO14040  

ISO14040 terms ��
���$

) 

Goal Fuel substitution from D100 to blended biodiesel 

Scope Infinite upstream links 

- Inventory analysis inputs entering the TES until meet the targeted service 

- upstream links of inputs before entering the TES evaluated by IOA  

Functional unit Distance of transportation 

Co-product GHGs 

Process Driving vehicle 

Fuelling system 

Oil transportation

Oil mixing

Biodiesel production 

Palm oil refinery 

Palm oil extraction 

Palm Plantation 

Elementary flow Fossil and Renewable energies 

Raw  materials 

Electricity from grid and self generated from waste biomass 

Water

Chemicals 

GHGs

Ancillary input Capitals 

Installations Labor

Maintenance 
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4.1.3 N����� 
��,�]�� M��N��	?��
&

� ���������/!�	���$� B100 ������#7�����������/$���  

� $�/���������#7�������?#�����,������!$�	
��)�� [14] )����#���������"#$�#7�����$�����

%������	
���!(��$)
�-�.���
�����,�����%������	
���!)
�-���"�$�����,������!$�	
�

�!$
��,� [13] A��+���
$�/���,�����.��	
��%����?#����
���A��.��	
��$)��!$����)!�
 

[5] 

� /�$)$�
5�����!���(�,�
����/!$����������7��5����H������%����?#� 

�  ��
�	����������,�()!���/��,������/!�	
� 100 ������/��)
�
����/���#7�������)

�)

��������%������	
�%��������#� P 

� (�,�
�����	5��%��������	)A	��#7������"#$�%��� 

� A�!�,������	5���A��/�#��$�����%������/��&�% �,����,�.����	�/,$���������� 

A/,�!$��������	5���$5/��+�����������<��!$�����	��*5����	
�(�,�����@)�.
 �?�(�,

%���������,���
# 	7��+!�������������

��	

������'?�H��
#�?���<�������

��	

�

��%�� LCA �$�����)�������	,���#� 

"��#!3 4.2 ������
����N�����!�,������������%���&!�*�+
� 
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"��#!3 4.3 ������
�������!���#!��N�����!�,���������������,���!��&!�*� 

 

,����#!3 4.2 �)��/�
��
,�N��%���&!�*�M�����,���!��&!�*�  

LHV density different in LHV different infuel economy 
fuel 

(MJ/L) (MJ/kg) (kg/L) by volume By mass by volume 

�����,�#!3,���

���3� 

D100 36.42 42.85 0.85 - -   

B100 33.30 37.84 0.88 8.57% 11.69% -8.57% 9.3694% 

B2 36.358 42.750 0.8506 0.17% 0.23% -0.17% 0.1716% 

B3 36.326 42.700 0.8509 0.26% 0.35% -0.26% 0.2577% 

B5 36.264 42.600 0.8515 0.43% 0.58% -0.43% 0.4302% 

4.2 ����������(��
��#�����������

���������	��/���$�����%������ (TES) �
#�"$�������������C
�/� ()�&�%	
� 3.1 A�� 3.2)

��"�$����������
�
���"#$�%������)
�-���<�(��$)
�-�.�����
�,������!$�/�7���-?���,�.��+!$�/�����

��#����"$��#7�����%����?#�/���,�� +���7�+�)�+!.�.��/�������%���������)�����
����/!$������"#$

�#7�����%����?#� /����	
� 2 A�)��,������!$��$��#7����(��$)
�-� B100 ����#7���������-?���
�,�����

�!$�/�7���,�)
�-� D100 $
�, 8.57 % A�!�,����
�,�����+��A�,������,��;/�� �)
���/�#����/�K���+!

$�/���,��A��.����<���!�/���7�+���$�/���,�����.��	
��%����?#� B2 B3 A�� B5 �
�,������!$�/�7���,�

�	,���� 0.17% 0.26% A�� 0.43% �)
�����/� )����#����	)A	��#7����)
�-�)!�
 B100 +��/!$����

.�.��/����������
��	,��)����/!$���������/��#7�����%����?#� 9.37% A���������������#7����(��$

)
�-�.���;�������������,������!$�	
��+�"$/��$�/���,��  

�����������/!��#7��$�����%�������$����
(��$)
�-�.�� ��!�	������������������

&�%	
�    3.2 -?���
�����;��!$����������������/��$
,�� ��������������.��/ B100 A��

���������/!��#7� [18]  
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"��#!3 3.4 �?�&
��
,��
)��,��#�������+��,%���&!�*�M���#������!M�� 

��"�$������!�	�����������/!��#7��$���/C5)�������.��/(��$)
�-���#����)���.�.��/�$����

������.��/�#7����������)
�
�7�)��$�/���,��/!�	�������.��//��	
�A�)���&�%	
� 3.4 )����#����

�������������/,�� P ������%���������
(��$)
�-�.��()!	7������)A�,��,���������.�)�$��$�

%������ A��	��%
���/��$�/���,��.�.��//���7�)����#� �)
�J��,��/������,��$�.�.��/	
�()!	
��


����,����A/,����������� 

	���
�����	
��+�"$������������+
����)�#7���������)��()!C���7�(���!��<���"#$�%����
������

���.��/($�#7�A��(OOX���!�������� �)
�,���$�(OOX�	
�.��/��!�$�������	���
������
#�����C

�,�
(OOX��+!��!�$�()!C?� 25% -?���
�!$���	
���
�
��!$�������(-/��$����	���%�������,���������

	���
����� 1 /��	
�C���,���!����+
������A�!����	���
�����	
�$��C"$()!�,���<�.�.��/�,����

�����C�7�����!.��/(OOX�()!C?� 120 kWh �����	
�������/!$����(OOX���!�$��%

� 20-25 kWh A��

/!$����($�#7������� 0.73 /��($�#7� [65]  

$�/���,�����.��//���7�)����#���&�%	
�  A�)��+!�+;��,������������+
��������#����+!�#7����

�����)�������� 49 % A��������������������#7����������������C.��/�#7�����$��$��()!

������ 65-70 % �)
�����/�-?����<�.�.��/+�������������������� A��()!.�.��/�$��"$

�#7������/$����������� 30-35 % -?�������'?�H��
#�7�+�)(�!	
� 35% �����'?�H��
#�7�+�)�+!

�#7������/$���	�#�+�)C���7�(���!��<���/C5)�������.��/�#7����(��$)
�-� B100 �����)����J���
���

.��/�$�A/,����!�	�����������C����)����)
C,���#7�+���
$)��
�$�.�.��/ 

	���
�����	
���<�.�%�$
()!������������+
������A�!�()!C���7�(���!��<���"#$�%��������

.��/(OOX�A��($�#7��%"�$��!�������� -?������!$���	
�()!%��,��������
#��!(OOX�	
�.��/�$� ��$�/���,�� 

25% A���,��	
�
����)$
�,-"#$�����
�,� 

�����
'?�H��
#��<����������.��/	
���!�	�����

A�� first generation �)
��!��	��A$��$N$��

��������5	*� 99% �������� 30% �$���/C5)���%"�$��!����������� transesterification ��! sodium 

hydroxide  ������ 0.27% A����! patash alum 0.0025% A����!�#7� 2.4 �	,��7�+�������!�� ��

���������.��/(��$)
�-� ��� stearin oil 1000 ��/� /!$����%�����������!$� 382 MJ /!$����
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(OOX� 0.0912 kWh �7�+����J�� ���"�$� centrifuge vacuum A�����"�$�$�)$���' A����!A������,��

�	���� 4 ��-��� ������)�����"�$�

����#�/$����������#7����/!$����A�X�O$���� 2% ��)-�/��� 0.01% A����)O$�O$��� 85% 

/,$����$��#7���������)�� A��/!$����A����������.��/ 0.38 ��-��� A��%�����������!$� 9.4 

MJ �7�+�����/C5)���#7���������)�� 1000 ��/�

����7�+�)�J���
���.��/��/��&�����.��/��<���#�/$�	
��7�������������������%������AD�

)!�
��*
����J���
���.��/A��.�.��/ +���7�+�).�)��	7��+!.�.�)%��)()!�)
���)�$�����

.�)%��)���?#�$
�,��������7�����$���!�	�������������#� P 	
��
/,$.� LCA [10]  ����7�+�)

�J���
���.��/��/��&�����.��/�7�+������
'?�H�(��$)
�-� A�)���/����	
� 3 �)
��������

/������<��J���
���.��/	
�/!$�����7�+������.��/(��$)
�-� 1000 ��/� 

,����#!3 4.3 ����?�(�&�O		
����+��,��,��"�����+��,
?�(�
�������
���� 

�������	
 inputs ���

������
��  1000L ���������	�������������� 

biodiesel plant Palm stearin oil 1,033 kg 047 Coconut and Palm Oil 

  Methyl Alcohol 99�  341 L 084 Basic Industrial Chemicals 

   Sodium hydroxide flake 3.07 kg 084 Basic Industrial Chemicals 

   Potash alum 0.0284 kg 084 Basic Industrial Chemicals 

  Man Power  0.4545 manday 301 Wages and Salaries 

   water 2,727 L 137 Water Supply System 

   electricity  10.330 kWh 135 Electricity 

   process heat  433.76 MJ    

 refinery plant   CPO  2,987 kg 047 Coconut and Palm Oil 

   bleach  59.74 kg 084 Basic Industrial Chemicals 

   citric acid  0.299 kg 084 Basic Industrial Chemicals 

   phosphoric  2,539 kg 084 Basic Industrial Chemicals 

  Man Power  1.136 manday 301 Wages and Salaries 

 Process heat  MJ   

 Palm oil 

extraction  

 Palm Bunch  8,708 kg 011 Oil Palm 

  Man Power  1.136 manday 301 Wages and Salaries 

 Palm plantation   electricity  7 kWh 135 Electricity 

   fertilizer  327 kg 085 Fertilizer and Pesticides 

   water  6,530 L 137 Water Supply System 

   Man Power  82.95 manday 301 Water Supply System 
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A�)���/����	
� 5.1 -?��.���������)	7�K���!$����
# �$�����������C�7�(���!�����	7� FENCH 

analysis ��������

��	

��	�����

�����!��"#$�%����
�&�%���������
��"�$��
#A�!� 
�������C�7�

K���!$����
#(���!��������������Q�����
��/�$�.��/&��B� (LCA) ���)$"�� P ������	'(	
�%"�$�%���

�$���/������������ LCA()!$
�)!�


�)
��
���$

)	
����������$�(�)!�
%������	��/����A/,��&�����.��/��� 180 ��
 ��

�,���$�%������	�#�+�)�"$%������O$�-��A��%������	)A	� A�����,���$�%������O$�-��$
,��

�)

� ��+�,�
/���#7����)���	

��	,�/,$.��/&��B�����,�+�?���!����	 EI  +��
C?�������%������

O$�-�����	�#�+�)/�$)+,���-,�����!%������C?��7�)��$���/� ��+�,�
/���#7����)���	

��	,�/,$

.��/&��B�����,�+�?���!����	 direct CO2 +��
C?������������)��,$
A�L������$�()$$�(-)�

	��/����&�����.��/��#� P ��+�,�
/��/,$.��/&��B�����,�+�?���!����	 CO2 +��
C?����������

��)��,$
A�L������$�()$$�(-)����	�#�+�)/�$)+,���-,�����!%������C?��7�)��$���/� ��+�,�
/��

/,$.��/&��B�����,�+�?���!����	

Direct CH4 +��
C?������������)��,$
A�L��
�	�	��/����&�����.��/��#� P ��+�,�


/��/,$.��/&��B�����,�+�?���!����	 CH4 +��
C?������������)��,$
A�L��
�	����	�#�+�)/�$)

+,���-,�����!%������C?��7�)��$���/� ��+�,�
/��/,$.��/&��B�����,�+�?���!����	  

Direct N2O +��
C?������������)��,$
A�L�(�/���$$�(-)�	��/����&�����.��/��#� P 

��+�,�
/��/,$.��/&��B�����,�+�?���!����	 N2O +��
C?������������)��,$
A�L�(�/���$$�(-)�

���	�#�+�)/�$)+,���-,�����!%������C?��7�)��$���/� ��+�,�
/��/,$.��/&��B�����,�+�?���!����	
��

���5.��$����������5�������!��%��������&�����.��/(OOX�	
�������5�����Y I-O �"$ �Y 2000 ��<�

��$���-;�/�)!�
 

)���
%������A�������������)��,$
A�L���"$������AD� (Embodied Energy and GHG 

Emissions Intensities Data) �$�.��/&��B�������)()!C����)��"$���A�)���&�%	
� 5.1 �%"�$A�)��+!

�+;�������

��	

� -?�����+;��,�.��/&��B����������,�	��	,$A�L� (pipeline :sector 136) ���
�,�

)���
%������AD����	
��5)������	'	�#����,���$�%������	��/��A��%���������/�$)+,���-,

%������ 

��)!��)���
�����������)��,$
A�L���"$��������#� .��/&��B����&�����.��/(OOX����


�����������)��,$
A�L������$�()$$�(-)����	
��5)	�#�	��/��A��	�#������)��,$
A�L���"$������



39 

���/�$)	�#�+,���-,%������  �$�����
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�#��������������+%��������
$& D100
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������,#���,#�
������<V�<����	
�������"��&�#<�Q$��@�����?�?������U�����
�� 

D100 B100 B2 B3 <�� B5 ��
���"��!"#��,#���&��������#�����,;����,;�"�?���������,;�J#��Z�,;

��	
 D100 Y\;��	"��
������&����
�����,;�"���#��"��# ��
�,;<$"���K�
�,; 5.13 Y\;�
��&�

�����$&�����
�������
����������
���U@���
�	� (Input Energy/Output Energy) ��$&����� D100 
,

J\�4 ��&����
�������,;�'����
� B100 
, 2 ��&� <$"��&�����
�� B100 $�
��J�"<���"�
����&� 

D100 <�&�#&�����X��
<
�?�
,$&���$
��� B100 �� B2 B3 B5 <�&��@;��?��
,$&���$
�
,#���X����#

?\�
,���
,#���X����#��&����� ��	
�������"��&�#<�Q$��@�����?���� B2 B3 B5 ���#��&��&��

���,;#�����U��U@���
�	��
,#���X����# 
������<V�<���
&
,���,;#�<��� 

K�
�,; 5.14 <$"�������,#���,#���	
�������"��&�#<�Q$��@�����?���,#���&������

��#�����,;����,;�"�?���������,;�J#��Z�,;��	
 D100 ?��������,;#�����	
����
�� B2 B3 B5 Y\;�<$"��'�

�'X��&�������,;#�����U�����
���U@���
�	��,�
,���&�����"�����"��&�#<�Q$��@�����?����#
��

��@;��?����	
����@������
�� D100 #��
,�����$&���$
$+�
���#+&<����=����'���	
�������"��&�#

<�Q$��@�����?�?��$&���,;��=���@������
�� D100 ����������<��������
#��$+��#+&
��  

GHG emissions per 1 L of  D100 Driving Equivalent

2.67

-

2.62 2.60 2.552.39

1.10 1.08 1.07 1.05
0.120.070.05

-

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

D100 B100 B2 B3 B5
direct from driving GHG Indirect GHG B100 Indirect Emissions from D100 (kg)

"��#!3 5.14 M
&�������!���#!�������������&��)��M�[
��������	��#!���#)�+�N��

����#��#!3N
�N!3%&�	�����N
�N!3����,�#!3�,�� D100 	��������!3��%��,����?��
� B2 B3 B5 

.���������������
%����������������/��	
�A�)���/����	
� %��,� B100 �����C�)

�����$�()$$�(-)�()! 37% A/,�����������)��,$
�
�	�A��(�/���$$�(-)������,�C?� 134% A�� 

172% /���7�)�� A/,�������
��C
�/�	
��/�� B2 �����C�)�����������)��,$
A�L���"$������()!

�5	*� 0.6%�������
��C
�/�	
��/�� B3 �����C�)�����������)��,$
A�L���"$������()! 0.9% ���

����
��C
�/�	
��/�� B5 �����C�)�����������)��,$
A�L���"$������()! 1.4%   

�������
��C
�/�	
��/�� B2 �����C�)������%������O$�-��()! 0.91%�������
��C
�/�	
��/�� 

B3 �����C�)()! 1.37% �������
��C
�/�	
��/�� B5 �����C�)()! 2.284%

������%������O$�-��AD��� B2  B3 A�� B5 �	,���� 99.07% 98.60% A�� 97.64%. (&�%	
� 

5.15) �)
�,�.��+!�
�,���$������)��,$
A�L���"$���������������)�������"�$�
�/��	,���� 

69.96%, 69.50% A�� 68.58% /���7�)��  D100 ����)��,$
A�L���"$���������	��/�� 70.86%. 
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��"�$�����
�����������)��,$
A�L���"$����������!�	��/!��#7�����"#$�#7�����,��	
���<�(��$)
�-�$
�,

�	,���� 1.28% 1.92% A�� 3.22%, /���7�)�� A���
�����������)��,$
A�L���"$����������!�	��

/!��#7�����"#$�#7�����,��	
���<�)
�-�$
�,�	,����. 28.77% 28.58% A�� 28.20% 

 

,����#!3 5.1  Differential embodied energy and GHG emissions from driving of  a liter of 

D100 driving equivalent  

 CO2 

(kg) 

CH4 

(kg) 

N2O 

(kg) 

GHG 

(kg) 

Embedded Fossil Energy 

(kg of oil eqv) 

B100 (1.39) 0.0000263 0.0000148 (1.38) (1.70845) 

B2 (0.02) 0.0000006 0.0000003 (0.02) (0.03130) 

B3 (0.03) 0.0000008 0.0000005 (0.03) (0.04698) 

B5 (0.05) 0.0000014 0.0000008 (0.05) (0.07844) 
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Life Cycle Energy Savings and GHG Mitigation of Biodiesel from a Palm Oil 
Industry in Chonburi Province 

P. Suksuntornsiria, N.Taitaemthong, A.Swamiwat, T. Sripinij, B. Limmeechokchaib

aMechanical Engineering Department, Faculty of Engineering, Burapha University, Chonburi, 20131 Thailand 
b Sirindhorn International Institute of Technology, Thammasat University - Rangsit Campus 

P.O.Box 22, Pathum Thani 12121 Thailand 

Biodiesel from palm oil is becoming significant renewable energy in Thai transport sector, since it has 
been introducing for fossil diesel saving to support the policy of renewable portfolio standard (RPS). In spite of 
considering on direct fossil energy content in the palm biodiesel, selection among optional fuels should be done 
on holistic terms. Life Cycle Analysis of biodiesel production from a palm oil industry in Chonburi province 
was studied. On-sited data were acquired for the process analysis part and direct energy consumption, GHG 
emissions, and materials required are presented. Indirect energy and GHG emissions embedded in materials of 
biodiesel plant are added up. Infinite boundary layers on upstream processes were evaluated by Input-Output 
Analysis . The embodied energy and GHG emission intensities were calculated by Thai Input-Output Data in 
year 2000. Fuel mix in the power sector was updated by recent electricity generation data. Considering the 
vehicle fuel economy, equivalent output function was compared between biodiesel and fossil diesel. Result of 
the study presents positive energy savings and GHG mitigations.

Index Terms -- Biodiesel oil, palm, Life Cycle Analysis, Input-Output Analysis, Process Chain Analysis 

I. INTRODUCTION 
Thailand is an oil importing country and 

imported petroleum is the major source of energy 
supply. In 2005, 30% of country energy 
consumption was consumed by transport sector. 
Energy consumption by transport sector was about 
30 Mtoe, and CO2 emission was about 50 million 
ton. The Ministry of Energy set a target of 
renewable portfolio standard (RPS) of 8% in 2011. 
The Thai government has announced the target of 
biofuels utilizations in the transport sector to 
remedy the fossil fuel dependency.  

A decision making between any two 
different energy policy options requires a full 
energy chains analysis (FENCH) or life cycle 
analysis (LCA) terms on a comparable basis. Same 
output function and equal boundary scope have to 
be defined. In biofuel cases, comparison should be 
made on the same travelling distance for the output 
function point of view. Truncation on upstream 
links is often cause incomparable boundary scope 
in inventory-LCA task and yields an unequally 
comparative assessment. The major problem is that 
the data approaching is costly and hardly to be 
acquired in the higher sub-process chains. 
Combining the technique of Input-Output (I-O) 
economics to the inventory analysis could extend 
the boundary layer infinitely with more efficient in 
cost and time.

While LCA from an approach called a 
process chain analysis (PCA) generally confronts 
limitation on boundary scope, an Input-Output 

Analysis (IOA) gives an average values those 
basically evaluated from historical data. The 
combined PCA and IOA approach could reduce 
boundary truncations, but disadvantages by the IOA 
approach in the outer boundary layer stills persist. 
To do the combined PCA and IOA, the factors of 
total energy content and total GHG emissions firstly 
evaluated by an energy-IOA approach. The energy 
intensity and GHG emission factors of goods and 
services were estimated by I-O approach to extend 
the boundary of LCA scope to infinite subprocess 
chains.

This study presents factors of total values of 
embedded energy and embedded GHG emissions 
that required and emitted from utilization of any 
commodities produced by 180 Thai economic 
sectors by filling up the gap of PCA boundary by 
energy-IOA. The disadvantage of outdated data 
normally incurred in IOA was improved by updating 
sectoral energy consumption elements in high 
energy consuming sectors in an economy.  

A PCA data from a biodiesel plant located in 
Chonburi province with capacity of 8800 liter per 
batch was studied as a model for estimation  of 
embedded energy and GHG emission in upstream 
energy chains of biodiesel. The plant used palm 
stearin which is a co-product of the existing palm oil 
extraction and purifying plant. The advantage in this 
site is that all process heat and one forth of 
electricity consumption is from cogeneration 
powered from waste palm bush from palm oil 
extraction process. 



II. METHODOLOGY 

Combined process analysis and Input-Output 
Analysis (Combined PCA-IOA) was performed in 
this study. The process analysis was studied in the 
main process and the first sub process. The process 
analysis is presented in section A. Study of the 
remaining subprocess was performed by 
combining with I-O approach and presented in 
detail in section B.

The IOA approache in energy and GHG 
accounting on embedded energy content and GHG 
emission factors of Thai commodity. The country’s 
energy I-O data and I-O table of 180 economic 
sectors were used for estimation of sectoral 
primary fossil energy intensities and GHG 
emission factors. The sectoral factors represented 
embedded energy and emission incurred in infinite 
upstream energy chains. The revised energy IO 
model has been validated and used to assess the 
economy-wide impacts of the policy.  

GHG’s emissions were evaluated based on 
IPCC approach [1]. The embedded energy and CO2
data  were updated with carefully considering of 
primary energy, secondary energy, import and 
export energy, feedstock fuel, GHG accounting 
from fossil fuel combustion, industrial process, and 
fugitive emissions, avoiding the double counting.  

A. Process Chain Analysis 
1) Main Process 
Main process of biodiesel utilization scheme 

versus diesel base on equal output function, i.e. 
same travelling distance, one was presented in Fig. 
1. PCA was performed in the main process of 
driving diesel engine vehicle fuelling with high 
speed diesel (HSD) versus biodiesel fuel are in Fig. 
1. In HSD vehicle case, one upstream link was 
traced back to the supplier of HSD, i.e. petroleum 
product sector in the economy. The rest fuel chains 
were estimated by combined PCA-IOA. Average 
fuel economy for heavy duty diesel vehicle was 
considered based on travelling distance got from 
fuelling with 1 liter of high speed diesel (HSD) 
equivalent.

Main process of biodiesel utilization scheme 
versus diesel base on equal output function, i.e. 
same travelling distance, one was presented in Fig. 
1. Since biodiesel has less energy content, it 
requires more fuel to produce same work output 
from the vehicles. Much variabilities are inherent 
in fuel economy measurements. [2] It depends on 
personal driving habits, weather conditions, traffic 
patterns, the temperature effect on fuel volumes 
when fueling, and changes in tire pressure. 

National biodiesel board (2007) [3] reported 
that soybean biodiesel exhibit similar fuel economy 
to diesel fuel, based on a comparison of the 
volumetric energy density in urban bus engines. 
Since diesel contains 131,295 Btu/gal and the 
biodiesel contains 117,093 Btu/gal, the fuel 
economy of the biodiesel tend to be 2%-3% less. 
Testing performance of a single-cylinder diesel 
engine consuming waste-oil-biodiesel, Worapun et 
al. 2006 [4] reported 4.1 % less on torque than the 
one consuming fossil diesel fuel.  The percentage of 
lower output was very close to the percentage of 
lower heating value which is 4.25%. NREL [5] used 
fuel economy proportional to the lower heating 
value of the blended biodiesel. 

Fuel substitution from fossil diesel to biodiesel 
required only different types and amount of fuel 
consumptions. Due to cited information on fuel 
economy related to heating content appears in the 
next paragraph. Additional fuel required for fuelling 
with biodiesel. Table 1 shows lower heating values 
of biodiesel and fossil diesel. Lower heating value of 
biodiesel is 8.57% less than fossil HSD by volume, 
and 11.68% less by mass. For the reason, additional 
8.57% of biodiesel required for getting the same 
driving output was assumed in this study.  

Table 1. Lower Heating Values of Biodiesel vs. Fossil 
Diesel

 LHV density different in LHV  
 (MJ/L) (MJ/kg) (kg/L) by 

volume
by mass 

Fossil
diesel 

36.42 42.85 0.85 - - 

Biodiesel 33.3 37.84 0.88 -8.57% -11.68% 

Fig.1 Diesel vs. Biodiesel Utilization Process

It was assumed that there was no additional 
investment required for fuel substitution. Direct 
comparative issues are final energy consumption, 
materials, services and related GHG emissions.   

2) First Subprocess 
 Biodiesel production process was audited to 

discover the first subprocess chain of biodiesel 
utilization process. On site data were gathered from 
[6]. Direct consumption in the biodiesel production 



process related to materials, services and energy 
are presented in Fig.2. 

Assumptions made for material flows in this 
process were: 

1) palm stearin oil, which is the main raw 
material for biodiesel production is actually be 
a co-product from the palm oil processing 
plant was assumed bought at the ex-factory 
price.

2) Methyl alcohol, sodium hydroxide flake, and 
potash alum were assumed at market price. 

3) Manpower required was 8 man-day at 
technician salary. 

4) Water consumption is from underground 
water, but assumed at public water rate. 

5) Process heat and some portion of electricity 
consumption in biodiesel production process 
is generated from co- generation power plant 
fuelled by wasted palm bush. An assumption 
of totally electricity supplied for the whole 
process was also provided for comparison. 

6)
Major energy consumed in biodiesel 

production plant is electricity. Share of electricity 
consumption in the biodiesel plant was 75% from 
grid, and the rest was generated from waste 
biomass. 

Sector allocation is significant to IOA. 
Misallocation causes some errors [7] subject to the 
significance of the link. For HSD, IOA data was 
used in second subprocess onward, but for 
Biodiesel case, it was performed in third 
subprocess onward. Assumption made was that 
related primary fossil energy and GHG emissions 
were related to its price sold from its sector.  

Second to infinite subprocesses of HSD was 
represented by average I-O data, since HSD is 
business as usual fuel produced from petroleum 
refinery sector. Total primary fossil energy content 

and embedded CO2 emission was 7.35 MJ/Baht and 
0.05714 kg/Baht. These factors include all upstream 
subprocess. By the average price in the considered 
year, they were 191.11 MJ/L and 1.49 kg CO2/L.
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Fig.4 Biodiesel Production Process

3) Third to Infinite  Subprocesses Analysis 
The third to infinite subprocesses analysis were 

studied by transitioning from PCA links to IOA 
links related to proper sector allocations.

Table 2. Sector Allocation for IOA 
 Input Materials   sector   
1 Palm stearin oil 047 Coconut & Palm Oil 
2 Methyl Alcohol  094 Other Petroleum 

Products 
3 Sodium 

hydroxide  
084 Basic Industrial 

Chemicals 
4 Potash alum 084 Basic Industrial 

Chemicals 
5 Electricity & 

Process Heat 
135 Electricity 

6 Water 137 Water Supply System 
7 Man Power  301 Wages & Salaries 

B. Input-Output Analysis 

The primary fossil energy intensities and GHG 
emission factors evaluated in this study were 
updated based on changing fuel mix of the power 
sector of year 2000 to one of year 2005. This was 
made by the reason that energy structure was 
substantially changed from the energy I-O year 
(1998). The method for updating energy 
consumption mix in the power sector was presented 
ref. [8]  

Updated IOA data was done by updating sectoral 
energy consumption elements in the power sector 
which was found significant to all other sectors in the 
economy. The 2000 I-O table [9] was used to represent 
the economic structure, and the 1998 sectoral energy 
consumption [10] was used to represent individual 
energy consumption. Thai electric power report was 
referred for updating the 1998 fuel mix in the power 
sector to represent the 2000 and the 2005 ones. 1998 
Electric Power in Thailand [11] and 2005 Electric 
Power in Thailand [12] was referred for updating fuel 
mix in the power secto. The IPCC Third Assessment 
Report (2001) was applied for Global Warming 
Potential (GWP) where the GWP of CO2, CH4, and 
N2O are 1, 23, and 296, respectively. [13]  
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Fig. 5. Electricity generation shares and generation 
efficiency by fuel types  [8] 



The related total energy content and the GHG 
emission factors under the 2005 electricity-fuel mix 
are presented in Table 3. 

Table 3. Primary Fossil Energy Intensities and GHG 
Emission Factors  (*toe/million Baht **ton CO2/million 
Baht) 

  sector EI  CO2 CH4 N2O
047 Coconut & 

Palm Oil 
              
42.19

          
54.85

         
0.0015

         
0.0006

094 Other 
Petroleum 
Products

              
48.78

          
65.80

         
0.0017

         
0.0006

084 Basic 
Industrial
Chemicals 

              
78.05

         
152.50

         
0.0029

         
0.0012

084 Basic 
Industrial
Chemicals 

              
78.05

         
152.50

         
0.0029

         
0.0012

301 Wages 
&Salaries 

              
102.34

         
123.29

         
0.0035

         
0.0016

137 Water 
Supply 
System 

              
55.03

          
70.87

         
0.0028

         
0.0009

135 Electricity 182.30 277.36  0.0314 0.0024 

III. RESULTS 

Direct GHG emissions in driving heavy duty 
HSD vehicle shown in Table 4 were estimated base 
on IPCC guidelines[  ].  Comparisons shown in Fig.6 
to Fig.7 are based on 1 liter of biodiesel.  

Table 4. Direct GHG emissions in driving heavy duty 
HSD vehicle 

  CO2 CH4 N2O   
heavy duty 
transport 73326 

         
0.006

         
0.003  kg/TJ  

heavy duty 
transport

                 
2,671

     
0.00022

     
0.00011 g/L

Total primary fossil energy embedded in 1 liter 
of biodiesel presented in Fig.6 and Fig.7 are 
categorized by input materials and services. The 
highest primary fossil energy and GHG carrier is the 
major raw material, i.e. palm stearin oil, follows by 
methyle alcohol. Electricity from grid was very 
small, since electricity and heat were highly supplied 
from waste biomass cogeneration power plant. The 
column “elec.from grid only” was a comparative 
case that assume no cogeneration supply the 
biodiesel production, but electricity was supplied for 
motor driving  and heating in the process. The latter 
case cause a share of embedded energy and GHG 
emissions about 6-7%.  

In order to made an equal output function on 
similar driving, comparison shown in Fig. 8 to 

Fig.11 are based on  output of driving a vehicle by 1 
liter of fossil HSD equivalent. 
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Fig.8 and Fig.9 presents comparative results from 
embedded primary fossil energy and GHG emissions 
from HSD case with the studied biodiesel plant and 
from a viable case that produced biodiesel from 
electricity from grid (without cogeneration).

Fig. 8 presents input primary fossil energy 
required from HSD vs. biodiesel fuels in order to get 
an equal driving output. Total energy transforming 
efficiency of HSD vehicle is only 19 %, while one 
fuelled with biodiesel from cogeneration is 90%, and 
one fuelled with electricity based biodiesel is 64%.  
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Fig.9 presents that by consuming 1 liter of HSD 
vehicle will totally emits 4.16 kg CO2eqv. 64 % of 
GHG emissions is directly emitted in exhausted 
pipe. Due to zero carbon cycle, there are no direct 
GHG emissions for biodiesel case. Fuelling with 
cogeneration based-biodiesel will emits only 1.26 kg 
CO2eqv. Electricity base biodiesel driving emits 1.57 
kg CO2eqv.

Heat and electricity supplied from waste palm 
bush cogeneration for biodiesel production process 
could save 29.75% of primary fossil energy, and 
30.06 % of GHG could be mitigated. 

IV. CONCLUSIONS AND DISCUSSIONS 

LCA from combined PCA-IOA presents 
that driving biodiesel vehicle would be 
beneficial for primary energy savings and GHG 
mitigations. Biodiesel production from palm 
based co-product such as palm stearin oil would 
provide better energy efficiency and GHG 
mitigation than producing biodiesel by using 
electricity from grid.  Major source of emissions 
in biodiesel fuel chains is the major raw 
materials. 

Since data from biodiesel process was done 
in a biodiesel plant located in the palm oil plant, 
transportation was neglected in this study. 
Additional studies on variable location of 
biodiesel plants, and embedded energy and 

emissions in investment are recommended to be 
discovered.
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ABSTRACT: Energy consumption in the transport sector in Thailand was accounted for 36% in total final energy 
consumption in 2006 and GHG emissions in Thailand have been increasing due to high dependent on imported oil. 
The Thai government has announced the target of ethanol utilization since 2004. The ethanol target of 3 million liter 
per day for the road transport in 2011 could be achieved by promoting E10 for the substitution of premium gasoline. 
Recently the Department of Alternative Energy Development and Efficiency (DEDE) has launched a promotion of 
E20. The ethanol policy is not only aimed at reducing energy consumption, but also reducing imported MTBE, 
required for conventional premium gasoline (CPG). Full energy chain analysis of primary fossil energy content and 
GHG emissions carried by E10 and E20 from anhydrous cassava ethanol versus CPG within driving of a passenger 
car on same traveling distance are evaluated in terms of full energy chain analysis. Cassava is used in the upstream of 
ethanol production process because it is a promising starch base resource in the long run. In this study, the direct 
energy input and output and GHG emissions at the fuel utilization stage are evaluated by Process Chain Analysis 
(PCA). Thereafter, Input-Output Analysis was performed in order to estimate the indirect energy content. The PCA 
was also traced back upstream energy input required for combustion, fuel supply including ethanol production. 
Waste from ethanol production is also considered as by product utilized as liquid fertilizer for the agricultural sector. 
Results of the study presents the total primary energy saving and GHG mitigation from the ethanol fuel options on 
the same vehicle output basis. 
 
Keywords: bio-ethanol, life cycle assessment, greenhouse gases (GHG) 
 

 
1 INTRODUCTION  
 

Energy supply for the transport sector in Thailand has 
been highly depending on imported fossil fuels. 
Transportation in Thailand consumed about 36% in total 
final energy consumption in 2006 [1]. The Thailand’s 
Initial National communication under UNFCCC presents 
increasing GHG emissions from the transport sector [2].  

Also due to high dependent on imported oil, the 
Ministry of Energy set a target of renewable portfolio 
standard (RPS) of 8% in total final energy consumption, 
in 2005. The Thai government has announced the target 
of ethanol utilization since 2004. The ethanol target for 3 
million liter per day for the road transport in 2011 could 
be achieved by initially promoting 10% anhydrous 
ethanol mixed gasoline (E10) for the substitution of 
premium gasoline. Recently, the Department of 
Alternative Energy Development and Efficiency (DEDE) 
has launched a promotion of E20 that requires 20% by 
volume of anhydrous ethanol. The ethanol policy is not 
only aimed at reducing the country energy consumption, 
but also reducing MTBE, which is mostly imported. By 
the achievement of ethanol fuel in Thailand, the unleaded 
gasoline has been planned to be phased out soon [3]. 

In order to quantify the total greenhouse gas (GHG) 
emissions or embedded energy among different 
commodities, Full Energy Chain Analysis (FENCH) or 
Life Cycle Analysis (LCA) is a promising approach for 
presenting the benefit of energy policy. 

Among many LCA’s on bio-ethanol, some results are 
positive in energy return, but some are not. The 
variations came from the difference in methodologies, 
boundary scopes, and embedded energy in the upstream 
input commodities which is mostly depending on the 
country of origin. Some results from the same country 
are also differed due to different assumptions on biomass 
transportation, and upstream energy consumption. Some 

studies reported on ethanol vs. gasoline fuels in volume 
basis.  

To make a comparison between conventional 
premium gasoline (CPG) and ethanol gasoline, the major 
energy conversion technology is a passenger car 
consumed different fuels. Comparison on a fuel volume 
or fuel mass could not represent the actual output. 
Verification the beneficial to fossil fuel and global 
warming problems among fuels for compression ignition 
(CI) and for spark ignition (SI) engines required an LCA 
through the transportation service, or well-to-wheel basis 
supplemented by LCA [4] [5]. Output from driving a 
passenger car is objectively the traveling distance. (see 
Fig.1) Unwilling GHG are also emitted as another output 
from the engine. Fuel is the major input to the system. 

 

 
Figure 1: Main Energy Chain of a Passenger Car using 

Conventional Premium Gasoline 
 

This study applied a combined Process Chain 
Analysis (PCA) and Input-Output Analysis (IOA) to 
evaluate the CO2 emission and energy content from fuel 
utilization in a gasoline passenger car in terms of 
traveling distance. Boundary scope was extended 
infinitely by combining the Input-Output Analysis (IOA) 
to the PCA. PCA was performed in the main process. To 
extend the infinite end of boundary and fulfill the energy 
and emissions embedded in service commodities supplied 
from the economy, the results from IOA were applied to 
sub-process chains where PCA are unreachable. In 



significant sub-process that could not be represented by 
the average value from its own sector. 
 Comparison is made among different inputs i.e. CPG, 
E10, and E20. The E20 is currently commercial available 
in Thailand after few years of success in customer 
acceptance in E10.  

The raw material for anhydrous ethanol production is 
supposed to be cassava in this study. The molasses and 
cassava are promising biomass sources for Thailand. 
Although cassava-ethanol production could be adopted 
easily without major change from sugar-based factory, 
the previous study [6] found the sugar-based raw material 
deficits but cassava potential is high in the long run. 
However, due to high production cost, a subsidy is 
required for promoting the anhydrous ethanol for E10 
and E20 in Thailand. It is assumed that fermented 
fertilizer, a by-product from the ethanol production 
process could replace the usual chemical fertilizer, which 
is cost about 5 % of cassava sector. 
 
 
2 METHODOLOGY  

 
LCA or FENCH of a gasoline based passenger car 

starts from 1 kilometer traveling, a unit of output gain 
from the vehicle, traced back upstream energy input 
required for combustion.  

PCA was performed in the main process, considering 
direct energy input, direct GHG emission, and indirect 
primary and GHG carriers those require for producing the 
same traveling distance of a passenger car. Thereafter, 
Input-Output Analysis (IOA) was performed to estimate 
indirect primary energy content and embedded GHG in 
unreachable sub-process chains those could be 
represented by average factors of their own economic 
sectors. The PCA was also performed in a significant 
sub-process i.e. upstream process of ethanol production 
where the existing economic sector could not 
characterize. Fig.1 shows the PCA of a passenger car 
using conventional gasoline. Output from the main 
process is not only 1 km traveling distance, but also 
direct GHG emissions due to combustion in the vehicle. 
With an assumption of 10 km/liter fuel economy, the 
required input is 0.1 liter of conventional premium 
gasoline (CPG). The pure gasoline is produced from the 
refinery sector, and MTBE is produced from methanol 
and isobutylene, products of the crude oil & natural gas 
sector within the economy. 

Significant inputs of the main process are gasoline, 
MTBE and Ethanol. Since gasoline and MTBE are 
activities in business as usual in the economy and usually 
sale from the petroleum refinery sector as CPG in the 
economy, their upstream GHG emissions and primary 
energy contents could be represented by the producing 
sectors. 

For ethanol-gasoline, significant upstream process of 
fuel supply including ethanol production. Significant 
energy consumption includes liquefaction, fermentation, 
distillation, dehydration. Waste from ethanol production 
is also considered as by product utilized as liquid 
fertilizer for agricultural sector. A main PCA of a 
passenger car fuelled with E10 is presented in Fig.2. The 
solid line presents the main process. The dash line 
presents upstream and downstream processes. 

The main process of a passenger car was analyzed on 
the basis of its output i.e. its traveling distance. A vehicle 

using different fuel mixes requires an adjustment on fuel 
feeding. The fuel economy has to be considered. 

This study considers fossil fuels that are used as 
feedstock in some production processes those none of 
GHG emitted. Embedded emission in imported 
secondary energy is also taken into account. 

 

Figure 2: Energy Chain of a Passenger Car using E10 
 
 
2.1 Fuel Economy 
 

Increasing in fuel consumption is a result of lower 
energy content [5]. Fuel economy of E10 vehicle is about 
3% less that conventional gasoline vehicle [7]. Linear 
trend is expected for higher ethanol portion [5]. 

Fuel switching from conventional gasoline to E10 
could be done on the existing automatic fuel adjusted 
engine [7]. It is not recommended for old engine. 5% to 
25% ethanol could be blended with gasoline without 
engine modification [7]. Higher ethanol content gasoline 
is required to be used with Flexible Fuel Vehicle (FFV). 
The FFV could be operated with 0-85% ethanol mixed 
gasoline. [7] 100% ethanol is not suitable due to cold 
starting problem [7].    

By the same output, the less heating content, the 
more fuel volume is required. Reduction in heating value 
(HV) of fuel is assumed to cause reduction in fuel 
economy in a passenger car. Table I shows that the 
heating value of ethanol is 34.26% less than gasoline, 
while it is only 19.16% less for MTBE. Density and 
oxygen by weight are also presented.  
 
Table I: Fuel Properties 

 Density* 
(kg/liter) 

LHV* 
(MJ/liter) 

Oxygen by 
weight 

Gasoline     0.749        32.23  0% 
Ethanol     0.792        21.19  34.70% 
MTBE     0.742        26.05  18.20% 
*Converted from English Units appeared in ref. [8]  
 

Estimation of fuel economy of a passenger car in the 
case of fuelled with CPG, E10 and E20 are presented in 
Table II.  HV of CPG was calculated by the content of 
MTBE in gasoline. Since the content of MTBE in 
conventional gasoline in Thailand cannot be reached in 
Thailand. Reference MTBE portion was assumed. 
Portion of MTBE is appeared 10% in [9] and [10], but 
the ref. [11] reasonably addressed a requirement of 2.7% 
oxygenate in gasoline by weight for best combustion. By 
calculation, MTBE 15% by volume is required to meet 
the requirement of 2.7% oxygen by weight. 
Consequently, the heating value of the mix is reduced by 
2.87%. In ethanol-gasoline mix, it requires only 7.5% of 



ethanol by volume to meet the same oxygen portion. The 
higher percentages of ethanol in E10 and E20 are 
beneficial to combustion quality improvement; however, 
the fuel economy of a passenger car is decreased by 
losing of HV.  
Table II: Estimation of E10 and E20 Fuel Economy  

  HV 
reduction 

Projected Fuel 
Economy 
Reduction  

Reference to Gasoline Gasolin
e  

CPG 

Premium Gasoline -2.87% -2.87% Na. 
 E10 -3.43% -3.43% -0.57% 
E20 -6.85% -6.85% -4.09% 

 
Table III presents that the higher volume of blended 

fuel required for traveling by the same distance. While 
the fuel economy of E10 is 0.57% less than the CPG car, 
it requires 6.46% of pure gasoline more in E10 case, but 
1.86% less in E20 case. 

 
 
 

 
 
 
Table III: Input Requirements (liter/km) 

  Fuel 
Economy 
(km/liter)

Gasoline MTBE  Ethanol Additiona
l Fuel 

from CPG
CPG 10 0.085 0.015 - Na. 
E10 9.943 

(-0.57%)
0.0905 

(+6.49%)
- 0.0101  

(+0.57%) 
E20 9.591 

(-4.09%)
0.0834 

(-1.86%)
- 0.0209 (+4.27%) 

 
Assuming fuel economy of a passenger car 

consuming conventional premium gasoline is 10 km/liter, 
fuel requirement for a passenger car traveling each 
kilometer is 0.1 liter of premium gasoline. 0.085 liter of 
gasoline and 0.015 liter of MTBE is required. Due to 
lower HV of ethanol, fuel economy of E10 and E20 
vehicles are less and consequently required higher fuel 
volume. Table III shows input requirements in detail. 

 

 
 

Figure 3: Full Energy Chain of E10/E20 Utilization in a Passenger Car 
 
2.2 First Sub-Process Analysis 
 

The dehydrated cassava ethanol (99.5%) for blending 
with gasoline is a new product in Thailand, and its input 
structure differs from the applied I-O structure. Using 
GHG emission factor (EF) or energy intensity (EI) from 
IOA could bring significant different values. Therefore, 
PCA was performed in this upstream process.    

PCA on upstream process chains of dehydrated 
cassava ethanol derived from input requirements of a 
proposed dehydrated cassava plant in [12] studied in 
Thailand in 2005. Fig.4 presented the total cost of 
production from cassava root. It was totally 8.61 
Baht/liter (approx.0.21 $/liter). The cassava raw material 

cost is about 60%. 
This study assumed by-product utilization in the 

cassava upstream plantation. The first sub-process of the 
full energy chain of ethanol utilization in a passenger car 
shown in Fig.3. Liquid fertilizer was produced as by-
product from ethanol fermentation process. Ref. [13] 
stated that the yield is 10% of ethanol output, and 282.49 
liter of liquid fertilizer equals to 31.31 kg of chemical 
fertilizer for planting. Derived from the I-O structure, the 
cassava sector spends about 5% for fertilizer.  
 Due to I-O structure [14] of cassava agricultural 
sector, it required 5% spending on fertilizer and 
pesticides (see Fig.4). Assuming by-product from ethanol 
production plant was used to substitute the usual 



chemical fertilizer, this cost was disappeared in this case. 
Assuming the cassava root was planted by using only the 
fermented fertilizer, a by-product from ethanol 
production, which is more than requirement, the cost of 
cassava root could be reduced from 60.4% to 59.2% as 
shown in Fig.5.  

Cassava Sector: Cost Input (from I-O table)

Agricultural Services
23%
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43%

Cassava
13%
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Tools
1%

Fertilizer and 
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Road Freight 
Transport

1%

Coastal & Inland 
Water Transport

1%  
Figure 4: Costs share in the Cassava Sector. 

Source: derived from [14] 
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Figure 5: Dehydrated Cassava Ethanol Cost 
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Figure 6: Direct Energy Requirement for Dehydrated 

Cassava Ethanol Production 
 

Direct energy consumption in the plant is electricity 
which is required 0.254 kWh/liter of dehydrated ethanol 
if raw material is cassava chip or cassava root. (see Fig.6) 
65% of electricity could be cut off if liquefaction & 
saccharification, milling, and tuber handling raspering 
were avoided in case of sugar base raw material. 
Significant energy demand is in Liquefaction & 
Sacharification process. Dehydration is small due to 
molecular sieve absorption. 65% of electricity could be 
avoided in the liquefaction & sacharification, milling, 
and tuber handling and raspering processes for sugar-
base ethanol.   

 Thereafter, the flows of materials, services and 
energies are traced back through infinite transactions 
within the economy, and GHG emissions embedded in 
the flows are quantified by Energy Intensity and 
Emission Factor calculated from IOA task presented in 

the next session. 
 
2.3 IOA 
  

To quantify the unreachable sub-processes, energy 
intensities and GHG emission factors of various final 
consumptions in the economy evaluated by IOA were 
applied.  Combining the energy content or embedded 
GHG emissions in materials and services by IOA could 
enhance the FENCE accounting up to infinite process. 

IOA is an economic approach, introduced by 
Wassily Loentief [15], related to monetary input and 
output transactions among economic sectors within an 
economy. The framework in Fig.7 shows that to produce 
the output, an economic sector required various inputs, 
including products and services, from other economic 
sector and from its own economic sector. 

The total output of an economic sector ( jX ) is 
written in following equation. 

   
jijj YxxxX ����� ...1211  

jij

n

i
j YxX ���

�1

 

 
Where ija is input requirement of j sector from i 

sector. ijY is the final consumption in j product. 
 

   \to 
from 

004 055 062 084 093 135 137 139 … 201 
Yj 

00
4 

a 004,004a 004,055 . . . . . . . a004,201

05
5 

a 055,004 . . . . . . . . a055,201

06
2 

a 062,004 . . . . . . . . a062,201

084 a 084,004 . . . . . . . . a084,201

09
3 

a 093,004 . . . . . . . . a093,201

13
5 

a 135,004 . . . . . . . . a135,201

13
7 

a 137,004 . . . . . . . . a137,201

13
9 

a 139,004 . . . . . . . . a139,201

. . . 
a i,004 . . . . . . . a i,j a i,201 

20
1 

a 201,004 . . . . . . . . a201,201

 
Figure 7: Input-Output Framework 

 
When jijij Xxa � . For the whole economy, 

expression in matrix is; 
YA][IX 1���  

Taken into account the import effect [16], the total 
output from the economy could be derived from final 
consumption i.e. 

YMAIX 1][ ����  
To evaluate total energy demand, the above I-O 

model is applied to final energy demand i.e. 
.FEI � YMAI 1][ ���  

Primary energy and GHG emissions from a type of 
material or service were represented by Energy Intensity 
(EI) and Emission Factor (EF) of its represented 
economic sector. And to estimate the emission as a 
consequent from energy consumption in economy; 



.factoremissionEF � EI  
However, the GHG emission should be account on 

every single step of apparent fuel combustion the element 
of F  matrix should be adjusted by the methodology 
introduced by Lenzen [16]. The Input-Output (I-O) 
models used in this study are similar to out previous 
study in [16], but new calculations were made due to 
more updated data.  

Additional improved method was made to update 
energy supply structure in the power sector, which is 
significant in embedded energy consumption throughout 
the economy. The methodology was described in ref.[17] 
2000 I-O table [18] was used to represent the economic 
structure and 1998 sectoral energy consumption was used 
to represent individual energy consumption [19]. 1998 
Electric Power in Thailand [20] and 2005 Electric Power 
in Thailand [21] was referred for updating fuel mix in the 
power sector. 

Integration of EI or EF from IOA will help the 
process chain expand the boundary infinitely throughout 
the whole economy transaction. Not only material inputs, 
but services are also taken into account. 

The economic sectors that relevant to this study are 
presented in Table IV. 

GHG’s considered are CO2 CH4 and N2O. To 
levelized CO2 equivalent, global warming potentials 
(GWP’s) from The Third Assessment Report (2001) of 
IPCC [22] were used i.e. 1, 23, and 296, respectively. 
The GHG emissions were evaluated by applying 
calculation in energy sector in the revised 1996 
Intergovernmental Panel on Climate Change (IPCC) 
guidelines for national GHG inventories [23] [24] [25] to 
apparent energy consumption in 180 economic sectors. 
Data used for energy-IOA are 2000 Input-Output Table, 
and the 1998 Energy I-O Table. In order to avoid double 
counting in energy aggregation in IOA, only primary 
energies were accounted. Imported final energies were 

included. EF of every economic sector was evaluated 
from final energies that were combusted in every stage in 
the economy.  

GHG emission factors and primary fossil energy 
Intensities, derived from IOA, of ethanol fuel related 
commodities are presented in Fig.8. EI and EF of 180 
economic sectors of which individually represents 
average energy and GHG emissions embedded in product 
or service provided by the sector that were updated to 
year 2005 electricity fuel mix have been found. Using 
these factors to combine to PCA is recommended to 
upstream processes those embedded GHG emissions or 
primary energy content could be represented by their 
average value in individual sector with no significant 
error. 

 
Table IV: Inputs vs. Economic Sector 

Inputs Equivalent Economic Sector 
Salary  201 Household 
Cassava root  004 Cassava  
Cassava chips 
Alpha Amalase 
Amyloglucosidase 

 050 tapioca milling  

Molasse  055 Sugar  
Calcium chloride  084 Basic Industrial Chemicals 
Premium Gasoline, 
E10, E20, and other 
petroleum products 

 093 Petroleum Refinery 

Electricity  135 Electricity 
Process water  137 Water Supply System  
Construction of 
Ethanol Plant 

 139 Non-Residential Building 
Construction 

Ethanol  062 Distilling Blending Spirits 
 

 
Figure 8: GHG Emission Factors & Primary Fossil Energy of Ethanol Fuel Related Commodities 
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3. RESULTS & DISCUSSIONS 
 
3.1 Primary Fossil Energy & GHG Emissions in Fuel 

Components: Volume Basis  
 

 Total primary fossil energy and GHG 
Emissions embedded in the fuel components i.e., 
gasoline, ethanol, and MTBE are presented in Fig.9 and 
Fig.10. For ethanol, the embedded total primary fossil 
energy and GHG emissions are evaluated from IOA 
method and PCA-IOA. The IOA estimations show that 
the total primary energy embedded in ethanol is 263 
toe/million liter. The combined PCA and IOA (PCA-
IOA) presents the total primary fossil energy content in 
dehydrated cassava ethanol in infinite processes is 397 
toe/million liter. The PCA-IOA shows higher values in 
CO2, CH4, and N2O emissions than the IOA results. 
Fig.10 shows that embedded GHG in ethanol and MTBE 
are higher than gasoline. 

Gasoline possesses GHG emissions for 569 ton 
CO2eqv/million liter (or = g CO2eqv/liter). Average GHG 
content of ethanol produced from its own economic 
sector, averagely from IOA, is 580 g CO2 eqv/liter. It is 
smaller than values from PCA-IOA since I-O structure 
used is of the year 2000, where produced conventional 
alcohol (not for fuel purpose). Result from PCA-IOA is 
better representing the new economy that produce 
dehydrate ethanol for fuel purpose. 

Since MTBE is produced from the petroleum 
products, its GHG content is as high as 861 g CO2 

eqv/liter. 
Energy ratio is a term of available energy that could 

be provided for fuel in an engine per its total primary 
fossil energy content. The ratio of fossil fuel which is 
normally degraded due to its upstream energy 
requirement is less than 1. Sustainable energy source has 
the ratio at least 1. Fig.9 presents that the ethanol is 
renewable in both IOA and PCA-IOA results.  

The share of the primary fossil energy carriers and 
share of GHG carriers are shown by Fig.11 and Fig.12, 
respectively. 

 
3.2 Primary Fossil Energy & GHG Emissions from 

Driving a Passenger Car: Well-to-Wheel Basis  
 

Fig.13 presents embedded primary fossil energy 
incurred by driving a passenger car fuelled with CPG, 
E10, and E20. Due to the assumption of linear relation 
between heating value and fuel economy, the available 
heating values by traveling distance basis are the same 
figures. The embedded primary fossil energy from 
driving E10 vehicle is about 4.5% higher than the CPG, 
while driving the E20 vehicle is 0.36% less. 

Primary Fossil Energy Contents of a Passenger Car 
Traveling on equal Distance RE showed in Fig.12 On the 
same traveling distance basis, available heating contents 
of CPG, E10, and E20 are the same, but their embedded 
primary energy content is different. Renewable degree of 
E10 is lower than CPG, but E20 case presents that the 
more ethanol content, the more renewable degree.   
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Figure 9: Primary Fossil Energy Contents in Fuel 

Components by Volume 
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Figure 10: GHG’s Contents in Fuel Components by 

Volume 
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Figure 11: Embedded Primary Fossil Energy in 

Dehydrated Cassava Ethanol 
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Figure 12: Embedded GHG Emissions in Dehydrated 

Cassava Ethanol 
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Fig.14 shows that driving a passenger fuelled with 
ethanol contributes to GHG emissions reduction. 
Although the embedded GHG emissions in E10 or E20 
are higher than the CPG, the less direct emissions make 
less in the total emissions.  
 
6. CONCLUSION 
 

The fuel switching from CPG to ethanol fuel of 
passenger car is worth to the GHG emissions reduction. 
In terms of saving the country primary fossil energy, E10 
would yield higher primary fossil energy demand. 
Increasing the ethanol content in ethanol fuel could be 
positive to both energy saving and also the GHG 
emission reduction. The ethanol policy is not only 
meaningful to the country energy saving and GHG 
emissions reduction, but also beneficial to the deficit in 
import payments due to reduction in imported MTBE.  
This monetary value would turn to the more income of 
local agricultural sector.    
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Abstract
Any decision making on minimum energy content

and minimum GHG emissions among different
commodities is required to be made under a full energy
chain terms. The total energy content and total
greenhouse gas (GHG) emission factor evaluated from the
energy Input-Output Analysis (IOA) approach would be
useful to fill the gap of limitation on boundary as
normally found in the Process Chain Analysis (PCA)
approach. This study presents factors of the total values of
embedded energy and embedded greenhouse gas (GHG)
that required and emitted from utilization of any
commodities produced by 180 Thai economic sectors.
The argument on disadvantage of outdated IOA data was
improved by updating sectoral energy consumption
elements in the power sector which is found significant to
all other sectors in the economy. The most up-to-date
data, i.e. the 2000 Input-Output (I-O) table was used to
represent the economic structure, and the 1998 sectoral
energy consumption was used to represent individual
energy consumption. Thai electric power report was
referred for updating the 1998 fuel mix in the power
sector to represent the 2000 and the 2005 ones. Influence
of fuel mix change in the power sector is found significant
to the total energy content and total GHG emission
factors. The total energy content and the GHG emission
factors under the 2005 electricity-fuel mix are presented.

Keywords:  Input-Output Analysis, Life Cycle Analysis,
Full Energy Chain Analysis, GHG Emission Factor,
Energy Intensity

1. Introduction
Selecting among different products for a target of

minimum energy content and minimum GHG emissions
requires a full energy chain analysis (FENCH) or a life
cycle analysis (LCA) that includes overall sub processes.
[1]  While LCA from an approach called a process chain
analysis (PCA) generally confronts limitation on
boundary scope, an Input-Output Analysis (IOA) gives an
average values those basically evaluated from historical

data.[2] The combined PCA and IOA approach could
reduce boundary truncations, but disadvantages by the
IOA approach in the outer boundary layer stills persist. To
do the combined PCA and IOA, the factors of total energy
content and total GHG emissions firstly evaluated by an
energy IOA approach.

The drawback of average results could be reduced by
analyzing the IOA under high disaggregated economic
sector. This study presents factors of total values of
embedded energy and embedded greenhouse gas (GHG)
that required and emitted from utilization of any
commodities produced by 180 Thai economic sectors by
filling up the gap of PCA boundary by Energy IOA
technique. The disadvantage of outdated IOA data was
suggested to be improved by updating sectoral energy
consumption elements in high energy consuming sectors
in an economy.

Similar evaluation used to be presented in [3] but the
results are now outdated since the economic structure and
energy consumption structure are changed and the recent
(year 2000) I-O table and energy I-O table (year 1998)
have been issued. Another work was done by using the
most recent I-O and energy I-O data [4], but the factors do
not updated since the current fuel mix in Thai power
sector in the year 2000 was different from 1998, and the
fuel mix in year 2005 was substantially changed from the
energy I-O year (1998). Updating energy consumption
mix in the power sector is presented in this study due to
its significance to other sectors in the economy.[3]
Results from this study could be used as factors of energy
intensity and GHG emissions in year  2000 and 2005.

2. Methodology
Sectoral energy consumption vector, kjf , is an 

amount of energy type k  directly consumed in sector j
per total monetary output of sector j  (TJ/million Baht);

j

kj
kj X

F
f � (1)



where kjF is the energy type k  required  as an input for 
sector j  in a common energy unit, and jX is the total
output of sector j  (in monetary unit).

When j  is the power sector, fuel type k
consumed by the power sector in year n ;
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where nkG ,  is a portion of electricity generation by fuel 
type k (GWh), the conversion factor, CF , is aimed to 
convert the GWh into the common energy unit as defined 
in any nkjF , , and navgk ,,� is the average country electricity 

generation efficiency by k  fuel in year n  (GWh);

ntotalnknk GSHG ,,, .� (3)

where nkSH ,  is the percentage of share of electricity 

generation by fuel type k  per total electricity generation 
in year n , and ntotalG , = Total electricity generation in 
year n  (GWh). Substitution of eq.(3) in eq.(2) yields,
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The total output of the power sector (million 
Baht) in year n ;

nnnj PSX ., � (5)

where nP is the electricity price in year n (Baht/kWh), 
and nS is the total electricity sale in year n . By 
substitutions of eq.(4) and eq. (5) in eq.(1),
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Since, total electricity sale in year n;
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where ngen,�  is the total country electricity generation 

efficiency, nlossDT ,&  is the percentage of electricity 

transmission and distribution loss, and nU  is the 
percentage of self-used electricity in the power sector in 
year n . Then
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By substitution of eq.(7) into eq.(6),
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Then the fuel mix updating factor ( kfM , ) is
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Each sectoral energy consumption elements of 
each type of fuel k  consumed in the power sector in the 
base year (subscripted b ) could now be updated to 
represent as the kjf in year n  by multiplying kjf  in the 

base year with the factor kfM , . After updating each kjf

elements in the F  matrix, computing the sectoral energy 
intensity matrix, EI  and the sectoral GHG emission 
factors, EF , (see ref.[4]) the results could now represent 
the factors of year n . The CO2, CH4, and N2O were 
evaluated by following the method in [8], [9], and [10] 
and the GHG are evaluated by the GWP from [7].

3. Data and Assumptions
2000 Input-output table was used to represent the 

economic structure [4] and 1998 sectoral energy 
consumption was used to represent individual energy 
consumption [5]. 1998 Electric Power in Thailand [6] and 
2005 Electric Power in Thailand [7] was referred for 
updating fuel mix in the power sector in section 4. The 
IPCC Third Assessment Report (2001) was applied for 
Global Warming Potential (GWP) where the GWP of 
CO2, CH4, and N2O are 1, 23, and 296, respectively. [7]
Updating the imported energy is not considered in this 
study.

Table 1 and Table 2 presents the factors required 
for eq.(9) based on the year 1998, the base year data and 
year 2000 are derived from the report of Electric Power in 
Thailand 2000 [6] and those of the year 2005 are derived 
from the report Electric Power in Thailand 2005 [7] .

Table 1. Electricity price, overall generation efficiency,
T&D and self use factors

P4,5
gen� 1-TDl

4,5 1-U4,5

1998 2.178 37.16% 0.91 0.96
2000 2-270 37.76% 0.92 0.97
2005 2.716 39.47% 0.92 0.97



Table 2. Electricity generation shares and generation
efficiency by fuel types

SHk

 Fuel
type\year 1998 2000 2005 1998 2000 2005

hydro 5.96% 7.02% 4.89% Na. Na. Na.
fuel oil 20.28% 11.45% 6.96% 37.35% 36.90% 37.39%
diesel oil 1.19% 0.14% 0.35% 32.59% 30.15% 49.31%
coal&
lignite 18.97% 18.47% 15.47% 36.84% 38.62% 40.06%

natural gas 53.61% 62.92% 72.33% 37.32% 37.32% 39.52%
others 0.00% 0.00% 0.00% Na. Na. Na.

Using the factors of electricity price, generation 
efficiency, transmission and distribution and own usage in 
the power sector (shown in Table 3.), share of electricity 
generation by fuel type, and generation efficiency, shown 
in Table 4. in eq.(9) the updating factors, the fuel mix 
updating factor ( fM ) for the year 2000 and 2005 were 
found in the last column in Table 4.

Table 3. Updating factors of electricity price,
generation efficiency, transmission and distribution
and own usage in the power sector

From base
year (1998) to

Pn
___
 Pb

1-TDln
_____
1-TDlb

1-Un
_____
1-Ub

2000 1.04 1.02 1.01 1.00
2005 1.25 1.06 1.01 1.01

Table 4.  Share of electricity generation by fuel type,
generation efficiency,and updating factors Fuel mix
updating factor ( fM )

Fuel type
SHk,n
_____
SHk,b

Mf,k

from base
year

(1998) to
2000 2005 2000 2005 2000 2005

hydro 1.18 0.82 1.00 1.00 1.10 0.61
fuel oil 0.56 0.34 0.99 1.00 0.53 0.26

diesel oil 0.12 0.29 0.93 1.51 0.12 0.14
Coal

&lignite 0.97 0.82 1.05 1.09 0.87 0.56

natural gas 1.17 1.35 1.01 1.06 1.08 0.95
others 1.01 0.73 1.00 1.00 0.94 0.55

The updating factors of fuel share in the power
sector in the Table 3 implies that the share of natural gas
had been increasing, while the share of others fuels had
been decreasing in the studied periods. From 1998 to
2000, fuel conversion efficiency of coal & lignite and
natural gas had increased. Fuel conversion efficiencies

from 1998 to 2005 of most fuel sources had been
improved. The electricity price in 2005 had been
increased by 25% from 1998. The factors of loss in
transmission and distribution, self electricity usage are
shown, more or less, better. The multiplying factors of
most fuels are less than 1.00, except the one of natural gas
in 2000.

Although the share of natural gas is higher, due to
the higher increasing rate of electricity price made the
multiplying factor of natural gas is not far from 1.00.

5. Results

After updating the fuel mix factors in the power
sector, deviation in sectoral energy content and
greenhouse gases emission factor of 2000 and 2005 from
ones of  the year  1998 are presented in Table 5. Updating
the 1998 fuel mix in the power sector to the one of the
year 2000 and the year 2005 reveals the averages of 1.82
%, and 5.84%, respectively, lower in energy intensity in
the economic sectors. Averages of 5.12 % and 14.66 %
lower in GHG emission factors are found in the year 2000
and 2005, respectively,

Energy intensity and GHG emission factors of
some significant sectors in the year 2005 are shown in
Figure1 and Figure 2 in terms of their direct and full
energy chain values. The sectors those require the highest
direct energy input are the pipeline sector, the electricity,
and the petroleum refineries, respectively, which are
significant energy sectors. They also contain the highest
energy content in terms of their full energy chain analysis.
Among these sectors, total GHG emissions in the
electricity sector is highest, but in the others are not high.
The reason is GHG emitted largely from the combustion
process which is normally incurred directly in the
electricity generation process. Although high energy
content is embedded in the natural gas and petroleum
product, there is no direct combustion activity in the
pipeline and the petroleum refinery processes.

In selected significant energy consuming sectors,
such as the tin ore, the ice, iron and steel, and wage &
salary (household) sectors, the direct primary energy
consumption is small, but large amount of indirect
primary energy embedded in their inputs, particularly via
the high energy content inputs.

The cement, railways, ocean transport, basic
industrial chemicals, iron & steel, ice, tin ore, and
household sectors are also the highest GHG emitting
sectors. Some of them, such as the cement, transport,
basic industrial chemical sectors, highly emit GHG
directly in their combustion processes. Some others, such
as iron & steel, ice, and household sectors indirectly
largely emit GHG by consuming the high GHG content
product in their processes.

bgen

ngen

,

,

�
�

bavgk

navgk

,,

,,

�
�

avgk ,�



Figure 1. Energy intensity of some significant sectors in the year 2005

Figure 2. GHG emission factors of some significant sectors in the year 2005

In this study, there is only a direct change in fuel
consumption mix in the electricity generation, and yield
reduction in direct energy content by 32.5 toe/million
Baht, direct CO2 reduction by 115.85 ton/million Baht,
CH4 reduction by 0.0015 ton/million Baht, and N2O
reduction by 0.0005 ton/million Baht. The direct GHG
emission could be reduced by 116.03 ton/million Baht.
(shown in first row in Table 5)

In terms of full energy chain analysis, the change
of fuel mix for electricity generation does not only impact
the energy content and GHG emissions in the electricity
product itself, but also indirectly impact to other sector
those are producers of various product and services in the
economy. In the electricity product itself, the total energy
content of was reduced by 36.19 toe/million Baht, the
total CO2 reduced by 128.99 ton/million Baht, the total
CH4 reduced by 0.0033 ton/million Baht, the total N2O
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reduced by 0.0011 ton/million Baht, and the total GHG
emission could be reduced by 129.83 ton/million Baht.
(shown in the third row in Table 5)

Table 5. Changing EI and GHG emission factors
Unit: ton /million

Baht*Unit: toe/million Baht

Table 6. presents the percentage of change in the
energy intensity (EI) and GHG’s averagely, maximum,
minimum, and in some significant sectors. Impact of fuel
mix change in electricity generation  as defined in this
study causes 1.82 % reduction in EI, and 5.12 %
reduction in GHG emission factor. Large different The
maximum and the minimum values. The level of the
indirect impact of change in the electricity generation to
any other sector depends on the level of electricity
demand within the production process of that sector. The
level of the impact from a fuel structural change in a
sector in the economy depends on the portion of
electricity required as its input.

Table 6. Increasing in sectoral energy content and greenhouse gases emission factor  by updating the  1998 fuel mix

5. Conclusion

The sector that has the highest energy content
and GHG emission factors is the electricity sector.
Therefore, in some sectors that require a large amount
of electricity as their input, they indirectly contains
high energy content and high GHG emission factor.
Consuming the petroleum products implies an intake of
high energy content. Although these sectors are not the
highest GHG emitters, but the other sectors consuming
their products for combustion in their process will be
embedded by high energy amount and GHG emissions.
Products and services produced from Thai economy,
some of them directly emit GHG in their combustion
processes, the others indirectly emit GHG by

consuming the high GHG content product or services.
A sector that consumes a high GHG content product or
a high energy content would consequently makes itself
a rather high total energy content or high total GHG
emission factor. Fuel structure in Thai power sector
annually is changed, and significant to assessment of
the total energy content and GHG emission factors.

Acknowledgments
This research is a part of research titled “Full

Energy-Chains Analysis on Biofuel Utilizations in
Thailand” which is financially supported by the
Commission on Higher Education, Ministry of
Education and the Thailand Research Fund (TRF),
contract no. MRG4980166.

Increase values EI* CO2 CH4 N2O GHG
Direct

Electricity (32.50) (115.85) (0.0015) (0.0005) (116.03)

Other
sectors

0 0 0 0 0

Total
Electricity (36.19) (128.99) (0.0033) (0.0011) (129.38)
Pipeline (2.07) (7.37) (0.0001) (0.0000) (7.38)
Petroleum
 Refinery

(1.98) (7.06) (0.0001) (0.0000) (7.07)

Ice (11.93) (42.51) (0.0005) (0.0002) (42.58)
Animal

Feed
(3.28) (11.68) (0.0002) (0.0000) (11.69)

Household (6.90) (24.61) (0.0003) (0.0001) (24.65)

year 2000 Year 2005
EI *2000ud  CO2  CH4  N2O  GHG2000ud EI *2005ud  CO2  CH4  N2O GHG2005ud

average -1.82% -5.14% 3.90% -1.46% -5.12% -5.84% -14.71% -7.61% -4.79% -14.66%
max -0.21% -1.89% 4.91% -0.14% -1.89% -0.66% -5.41% -3.90% -0.45% -5.41%
min -5.18% -11.14% 2.00% -9.24% -11.10% -16.56% -31.86% -9.58% -30.40% -31.81%

Tin Ore -1.24% -3.66% 3.55% -0.14% -3.56% -3.98% -10.46% -6.94% -0.45% -10.19%
Ice -3.68% -9.46% 4.71% -4.38% -9.43% -11.75% -27.05% -9.20% -14.42% -27.01%
Animal Feed -0.73% -4.80% 3.75% -1.75% -4.78% -2.34% -13.72% -7.32% -5.76% -13.69%
Basic Industrial
Chemicals

-1.39% -2.73% 2.81% -1.26% -2.72% -4.44% -7.81% -5.48% -4.13% -7.80%

Petroleum
Refineries

-0.35% -3.84% 3.80% -1.94% -3.84% -1.13% -11.00% -7.42% -6.37% -10.99%

Cement -1.94% -3.71% 3.69% -1.34% -3.70% -6.20% -10.60% -7.20% -4.41% -10.58%
Iron and Steel -2.52% -6.50% 3.63% -1.22% -6.47% -8.05% -18.60% -7.09% -4.03% -18.51%
Electricity -5.18% -11.14% 4.91% -9.24% -11.10% -16.56% -31.86% -9.58% -30.40% -31.81%
Pipe Line -0.21% -3.36% 2.00% -1.84% -3.35% -0.66% -9.61% -3.90% -6.07% -9.60%
Railways -1.47% -4.21% 4.13% -1.60% -4.20% -4.69% -12.05% -8.07% -5.25% -12.03%
Ocean
Transport

-0.75% -1.97% 4.08% -1.52% -1.96% -2.40% -5.62% -7.96% -5.00% -5.62%

Wages&Salaries -1.98% -5.82% 4.22% -1.82% -5.80% -6.32% -16.64% -8.24% -5.97% -16.60%
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