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(National Geographic, 2547) �������� !�"#�" National Geographic $%&%'()�*�+,-*�.* 

2547 /(�#"-01&!' ������ 0"+��2#3�"�4*53��&*0671"' 8.�9&:!7 � ;<:4�8'= )��.�> 1,079,247  ��*%�"A
'"  7(.�8�&1"���"B +1��40"C'9DB��B +1*53��&*9&:!7 �"!��&*0E C0"C��2 22,693  ��*%�"A'"  
;<:4,��/�>�8��"#3�"!�H= >4*53��&*I=�>J 'K+:��<5*�8�H CL+(�&1"���"IM�*53��&*L498:               �N�C'=N*
!>� *53��&*0671"' 8.�*>��C=�(���7 �*85O�.I*"C.C'! �0"C��2 50 0E '9>�*&5* H C*&�!+9.�
D�#1"A9&:!7 ��N1��4!+�&.H CK&P*�K &44�*9(H9*I*"�0H%%�):*J ��"�4"&%          "!�9&54��"*3�
*53��&*K)M��IM�'0Q*K &44�*9(H9*�N�8��"B +1�.>�4HK">= �.��*�*H �!I*= �.0"C'9D 'M>* 
I*0E 2545 0"C'9D'.�"�*8;<:4'0Q*0"C'9DI*� ->�#=O�K.-7"0 �8��"B +1/%7�(8'; #�4#-(,<4
1,000,000 1&*1>�0E "�4 4��'0Q*0"C'9DR"&:4'D# �+1� 8 H C#="&S�'�"+�� '0Q*1�* (K &44�*9(
H9*'�9�*� H C/%7�(8'; , 2545) I*#>!*��40"C'9D/9.!&1,-(+%#3�="&%B +1   /%7�(8'; 98:
/(�"&%L!��#*I�I*0T��-%&* L)� 0� A�*53��&* '*):�4���'0Q*K)M98:I=�B B +1          *53��&*1>�K)5*98:
0 ��#�4�!>�K)M*53��&*9-�M*+(  H C'0Q*K)M*53��&*98:'�"+U/(�(8I*'�1�"#-� 'M>* O�LI1���40"C'9D
/9. 7(.�8K)5*98:0 ��I*0E 2547 0"C��2 2  ��*/">H C#���",0 ��/(�,<4      12  ��*/"> ;<:4�C93�I=�
0"C'9D/9.I*�*�L1B +1*53��&*0� A�H C*53��&*'� N(I*/(�"!�0"C��2 5.82  ��*1&*1>�0E 7(.
�CIM�'K):���"�-07OL%"+7OL0"C��2 1.2 - 1.5  ��*1&*1>�0E H C98:'= )��8� 4.3 - 4.6  ��*1&*  �C*3�
��B +1'0Q**53��&*/%7�(8'; /(�0"C��2 5,000  ��* +1"1>�0E =")�'9>��&%0"C��2 30% ��4��"IM�
*53��&*(8'; ��40"C'9DI*0T��-%&* (#3�*&���49-*Z[\*Z�H CK&P*�'�]1"�",2548)

0TU=�#3�L&UI*��"B +1/%7�(8'; I*0T��-%&* L)� /�>#���",H�>4�&*(��*"�L��&%*53��&*
(8'; /(� ;<:40TU=�#>!*I=U>�����!&1,-(+%98:IM�I*��"B +1'�9+ '�#'1�"A /(�H�> /�0� A�#'18."+*       
%"+#-9^+_ (refined palm stearin) *53��&*0� A�(+%H C*53��&*"8/Z*A �80TU=�I*(��*"�L�98:/�>L498: 
#�'=1-�����"B +1*53��&*0� A�I*0"C'9D/9.'0Q*��"B +1'K):���"%"+7OL 'M>* *53��&*0"-4��=�" 
*53��&*9�(I*�-1#�=�""� H C����"8* '0Q*1�* 93�I=�"�L���4*53��&*0� A�(+%�<5* 41��L!��
1��4��"*53��&*0� A�I*9��41 �(7(.�8"�L�1:3�#-( -  #�4#-(I*M>!4 13 - 22 %�9 /�>#���",B +1'�
9+ '�#'1�"A�.>�41>�'*):�4H C%�4L"&54"�L�1�*9-*��"B +1'�9+ '�#'1�"A�8"�L�#�4�!>�"�L�  *53��&*
(8'; ���
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H C,<4H��!>��C�8��"9( �4*3�*53��&*0� A�9�(IM�H �! ;<:4�8"�L�,����B +1'�9+ '�#'1�"A 
H1>�C�80TU=�I*��"'�N%"!%"!�I=�/(�I*0"+��298:���K�#3�="&%��"B +1 �<4�3�'0Q*1��4=�H= >4
!&1,-(+%98:�80"+��2���K�I*��"B +1 �8�9&54!&1,-(+%M*+(*&5*1��4#���", (1�*9-*I*��"B +1'�
9+ '�#'1�"A 4/(�'K):�'K+:��8(L!��#���",I*��"H�>4�&*9�4(��*"�L��&%*53��&*(8'; 7(.�������� 
HB*.-9^D�#1"A0� A�*53��&* K%!>�0"C'9D/9.'0Q*0"C'9D'�]1"�""�#���",0 ��       K)M*53�
�&*/(�= �.M*+( 7(.'$K�C�.>�4.+:40� A�*53��&* ;<:4I=�B B +1*53��&*1>�/">#�4#-(�80"+��2B +11>�0E
���98:#-( �87"44�*#�&(*53��&*0� A�98:/(���1"S�* 25 7"44�* (#3�*&�4�*'D"]S�+���"'�]1", 
2545) �80"+��2*53�9+54���7"44�*#�&(*53��&*0� A��8L>�'$ 8:.'9>��&% 0.87  %. '�1"/1&*9C �.0� A�
#( *53�9+54�8#8*53�1� '��� �80"+��2#�"�+*9"8.A#�4 7(.�8L>�;87�(8 #�"H�!* �. H C*53��&* '9>��&% 
52.45, 12.48, H C 8.72 ��. /1&*9C �.0� A�#( (K �#-� H CL2C, 2544) H C        /�*53��&*I*
"C%%%3�%&(*53�'#8.�8�"(/��&*�+#"C (FFA) ����!>� 70% #���",IM�'0Q*!&1,-(+%B +1/%7�(8'; 
H9*#>!*� &:*�"(/��&*0� A� (palm fatty acid distillate; PFAD) /(�;<:4*������C'0Q*��"'K+:�
D&�.O�K��"H�>4�&*9�4(��*"�L���4/%7�(8'; H �! .&4'0Q*��"H��0TU=�*53�'#8.�8�9�4=*<:4(�!.

I*(��*"�L� ���"�L���.��4%"+]&9#1�  �+*(&#9"8 '�):�'()�*�+,-*�.* 2546 98:B>�*��         
/�*53��&*I*"C%%%3�%&(�8"�L� 3 %�91>��+7 �"&� ,��7"44�*#�&(*53��&*0� A� 17"498:�3� &4��"B +1 
300 1&*9C �.0� A�#(1>�!&* �C�80"+��2/�*53��&*I*"C%%%3�%&(*53�'#8.L+('0Q* 63 1&* H C�C�8
0"+��2/�*53��&*I*"C%%%3�%&(*53�'#8.L+('0Q* 1,575 1&*��47"44�*#�&(*53��&*0� A�9&540"C'9D 
�<4'0Q*!&1,-(+%98:�8L!��'=��C#�9&54I*(��*0"+��2!&1,-(+%H C"�L�1�*9-*��"B +1 ;<:4'�):�H0""�0
'0Q*'�9+ '�#'1�"A�C93�I=��8"�L�H�>4�&*�&%(8'; ���*53��&*0671"' 8.�H C#���",K&P*�/0#�>  
��"B +1I*'M+4K�2+M.A/(�
�	��������������	����������������	��������

��"K+��"2�*3�/��&*H C*53��&*98:/(����K)M=")�#&1!A ��IM�'0Q*H= >4K &44�*9(H9**53�
�&*'M)5�'K +4(8'; 0671"' 8.� #+:498:1��4L3�*<4,<4/(�H�>

- �8L-2#�%&1+;<:4#���",'����&*/(��&%'L"):�4.*1A(8'; '(+�98:IM��.�> 7(./�>1��4�8��"0"&%
0"-4 '0 8:.*H0 4 =")�K&P*�'L"):�4.*1A(8'; �<5*��I=�>

- �8L!��'0Q*/0/(�I*��"H�>4�&*'M+4K�2+M.A
- �8L!��'0Q*�+1"'����&*/(��&%�*-].AH C#+:4H!( ���
- #���",�&(=���IM�#3�="&%��"%"+7OL���H= >498:=�/(�4>�./�>��(HL *7(.'$K�C,��

#���",B +1/(� =")�*3�� &%��IM�����"C%!*��"9�4'�]1"�-1#�=�""�/(� �C'0Q*
#+:498:(8H C'=��C#����98:#-(
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���L!��1��4��"(&4� >�!���41�* ��"L�*L!��H CK&P*��"C%!*��"B +1'K):�IM�/��&*H C
*53��&*98:/(����K)M=")�#&1!A'0Q*H= >4K &44�*9(H9*'M)5�'K +4(8';  �8 = �.!+^8;<:4,��I=�L!��
#3�L&U �8��"93���"D<�]� L�*L!�� H C93�!+�&.�.>�4�!��4�!�41>�'*):�4 (Ma and Hanna, 1999; 
Srivastava and Prasad, 2000)

"�. C'�8.(��4L-2#�%&1+��"'0Q*'M)5�'K +4��4*53��&*K)M98:#3�L&U '0"8.%'98.%�&%       *53�
�&*(8'; 0671"' 8.�'%�"A 2 #"-0/(�(&4*85 (Peterson et  al., 1996; Srivastava and Prasad, 2000)

- *53��&*K)M�8L>�L!��=*)(� *A (kinematics viscosity) 9(#�%98:�-2=O��+       
38 �4D�'; ';8.# �8L>�#�4 L)� �.�>I*M>!4 30 p 40 cSt ;<:4#�4���'�):�'98.%�&%*53�
�&*'M)5�'K +4(8'; 0671"' 8.� ���L>�L!��=*)(98:#�4���*85 '0Q*1�*'=1-93�I=�
��"H1�'0Q*R�.H C�"C��.��4 C��4*53��&*/�>(8 �8B 93�I=���"'B�/=��/�>
#�%�"2A1����I*98:#-(

- �-(!�%/Z (flash point) ��4*53��&*K)M�8L>�#�4��� L)� #�4����!>� 200       
�4D�'; ';8.#

- L>�L!��"��* (heating value) ��4*53��&*K)M�.�>I*M>!4 39 p 40 MJ/kg K%!>� 
1:3��!>�*53��&*'M)5�'K +4(8'; ;<:4�8L>�0"C��2 45 MJ/kg

- L>�;8'9*��4*53��&*K)M�.�>I*M>!4 32 p 40
- L>�/�/�(8* (iodine  value) �.�>I*M>!40"C��2 0 p 200 '0Q*L>�H#(4H9*

L!��/�>�+:�1&!��4�"(/��&* %>4%��,<4L!��/�>L41&!9�4'L�8��4*53��&*K)M
7(.'$K�C1>���"'�+(0s+�+"+.����;+'(M&*

- �-(�->*�&! =")��-(=��� (cloud point) H C�-(/= '9 (pour point) ��4    *53�
�&*K)M�C�8L>�#�4�!>�*53��&*'M)5�'K +4(8'; 0671"' 8.�

Pryde (1983) H C Ma et  al. (1998) K%!>�0TU=�98:'�+(�<5*�&%'L"):�4.*1A(8'; H%%    
direct-injection 98:IM�*53��&*K)M'0Q*'M)5�'K +41+(1>��&*'0Q*'! �*�* L)�

- ��"'�+(7Lu� (coking) H C�>�1&!I* &�]2C0��H1���4L�"A%�*98:%"+'!2=&!
$8( '0Q*#�'=1-I=�*53��&*K)M98:,��$8('���/0/�>H1�'0Q*R�. C'�8.( =")�'0Q*
 C��498:�8�*�('=��C#� 'K8.4K�98:�C93�I=�'L"):�4.*1A�-("C'%+(/(�'�4�.>�4
"�%'"8.%H C#�:3�'#��

- ��"'�+(L"�%H�N4H C1C�"&*��4L�"A%�* (carbon deposits)
- ��"'�+( oil ring sticking
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- ��"'�+( thickening H C��"'�+('� I*"C%%*53��&*= >� ):* ;<:4'0Q*B ����� 
��"0*'0[\�*��4*53��&*K)M

0E K.D. 2544 0"C'9D/9.'"+:�1):*1&!�.>�4���I*L!��K.�.��L+(L�*=�K &44�*9(H9**53�
�&*  9&54K &44�*H#4��9+1.A  K &44�*M8!�!   /%7�H�u# w w  H1>98:/(�"&%L!��*+.����98:#-(L)� 
x/%7�(8'; y

/%7�(8'; I*L3��3��&(L!��#�� L)� 9"&K.��"=�-*'!8.*^""�M�1+ (renewable resource, 
natural) 'M>* *53��&*K)M /��&*#&1!A  /� (*53��&*)"8/;'L+ �����"0"-4��=�" 98:*3���H0""�09�4'L�8 
7(.��"93�0s+�+"+.��&%H� ��{� A  ;<:4*+.�IM� '�9+ H� ��{� A =")� '�9+ H� ��{� A /(�'0Q*'�
9+ '�#'1�"A=")�'�9+ '�#'1�"A ;<:4'0Q*'M)5�'K +498:�8��"'B�/=��98:#C��( (M�L"+1 H CL2C, 2544)

/%7�(8'; H%>4/(� 3 0"C'O9 L)�
���	������������	�����
 ! /%7�(8'; M*+(*85/(������*53��&*K)M=")�*53��&*#&1!A98:*3���IM�

'0Q*'M)5�'K +4  7(./�>'1+�#�"=")�'0 8:.*H0 4L-2#�%&1+��4*53��&*H1>�.>�4I( 'M>* *53��&*�CK"��!  
*53��&*0� A�  *53��&*K)MH9����^""�M�1+*85����8����3��&(I*��"IM�%��4  'K"�CL-2#�%&1+1>�4�&%*53�
�&*(8'; L>�*���4���  'M>*  ��"#&*(�0/�>#�%�"2A  'L"):�4.*1A#C(-(  �81C�"&*  L!��=*)(#�498:
�-2=O��+1:3�93�I=���"#1�"A1/�>L>�.1+(  H1>�8���(8L)�  "�L�,��H CK�IM�/(��&%'L"):�4.*1A"�%1:3�

��"����������#�$��   /%7�(8'; *85'0Q* ��B#�"C=!>�4*53��&*K)M=")�*53��&*#&1!A�&%*53�
�&*H�u#  =")�*53��&*#&1!A�&%*53��&*(8';   'K):�I=�/%7�(8'; �8L-2#�%&1+I� �'L8.4�&%*53��&*(8';   
'M>*  0� A�(8';  (palm-diesel) '0Q* ��"B#�"C=!>�4*53��&*0� A��&%*53��&*(8';   7(./%7�(8'; 
H%%*85�8L-2#�%&1+'=�)�**53��&*(8';   'L"):�4.*1A'(+*'"8.%  /�>�80TU=�'L"):�4#C(-(  #1�"1A1+(4>�.  
H1>�N.&4�80TU=�L!��=*)('�):�����D'.N*  '�+(��"�-(1&*��4/#��"�4

��"�������������
�!  /%7�(8'; H%%'�#'1�"A1��4B>�*�"C%!*��"H0"#O�K(�!.
�"C%!*��"9�4'L�898:'"8.�!>�  9"�*#A'�#'1�"+Z6'LM&* (transesterification) *&:*L)�  ��"*3�'��*53�
�&*K)M=")�*53��&*#&1!A98:�8�"(/��&*93�0s+�+"+.��&%H� ��{� A 7(.IM��"(=")�(>�4'0Q*1&!'">4
0s+�+"+.� 93�I=�'�+('�#'1�"A  7(.�C'"8.�M*+(��4/%7�(8'; H%%'�#'1�"A1��M*+(��4
H� ��{� A98:IM�I*��"93�0s+�+"+.� 'M>*  ,��'0Q*'�9+ H� ��{� A�N�C'"8.�!>� '�9+ '�#'1�"A  *��
���*85.&4/(�� 8';�"� '0Q*B K �./(� ;<:4*3�/093�#%�>=")�'L"):�4#3���4 ���(8�&*(&%H"���4/%7�
(8'; M*+(*85L)�  L>�;8'9* (cetane = L>�(&M*8��"�-(1+(/Z) #�4�!>�*53��&*(8';  93�I=���"�-("C'%+(93�
/(�(8  ��"#&*(�0#�%�"2AL�"A%�*��*��/;(A*��./�>�8L!&*(3� H C;& 'Z�"A/(���/;(A L!��
=*)(L498:  ���'#8.L)� 1�*9-*#�4�!>�/%7�(8'; M*+(�):* 'L"):�4.*1AI=��3� &41:3��!>�(8';   �8��"#"��4
H�u#/*71"'�*���/;(A'K+:��<5*  H1>�8�-('#8.L)���"'#):��#O�K/(�4>�.I*#>!*0"C��%98:'0Q*.�4
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�	$�%
��"����������	& %'�   (��
1. �	�)��)	� (Dillution) ����	$��
	�����3 � (Blending)

��"'�)���4=")���"B#�1��#&(#>!*��4*53��&*K)M #���",*3��� C �.'����&*(�!.��4
'= !%�4M*+('9>�*&5* 'M>* *53��&*'M)5�'K +4(8'; 0671"' 8.� 1&!93� C �./{7("L�"A%�*  H C
H� ��{� A98:�8#�.7;>L�"A%�*#&5*  �8"�.4�*��"L�*L!��!+�&.'�8:.!�&%��"'�)���4*53��&*(��
9�*1C!&*  7(.IM�*53��&*'M)5�'K +4(8'; '0Q*1&!93� C �. I*�&1"�#>!* 1 1>� 3 7(.0"+��1" H C
B>�*��"9(#�%7(.IM�'0Q**53��&*'M)5�'K +4I*'L"):�4.*1A(8'; /(�#3�'"N�  (Ma and Hanna., 1999, 
Ziejewaski et al., 1983) L!��=*)(��4#>!*B#�(&4� >�!�8L>�0"C��20"C��2 4.88 cSt 98:
�-2=O��+  40  �4D�'; ';8.#  ;<:4#�4�!>�*53��&*'M)5�'K +4(8'; 0671"' 8.�' N�*��.  '0Q*'=1-I=�#�"
B#�M*+(*85/�>'=��C98:�C*3���IM�'0Q*'M)5�'K +4#3�="&%'L"):�4.*1A(8'; 0"C'O9 direct injection I*
M>!4'! �"C.C.�!'K"�C'�+(0TU=�'�8:.!�&%��"'�+(7L��98:0 �.��4"C%%=&!$8(H C oil ring sticking 
�.>�4"-*H"4

2.  %'���"(�%������  (Micro-emulsion)
/�7L"�+�& M&* '0Q*"C%%��4'= !98:�8�*-O�LHK">�"C��."C=!>�4�&* 7(./�> C �.'0Q*

'*)5�'(8.!�&* H C�.�>"!��&* /(��.>�4�8'#,8."O�K9�4'9�"A7�/(*��+�#A
��4'= !/�7L"�+�& M&* ;<:4IM�'0Q*'M)5�'K +4I*'L"):�4.*1A(8';  ���'1"8.�/(������"B#�

"C=!>�4*53��&*K)M '�#'9�"A H Cdispersant (cosolvent) =")�*53��&*K)M  H� ��{� A H C#�" (H"4
1<4B+! I*#&(#>!*98:'=��C#� 'K):�93�I=�"C%%�8'#,8."O�K9�4'9�"A7�/(*��+�#A  ��"�8H� ��{� A
B#��.�>I*��4'= !*85'�4�8#>!*M>!. (L!��"-*H"4��40TU=���"'�+(7Lu�98:%"+'!20 �.��4=&!$8( 
(Demirbas, 2003)

3. �	�
�
� �� &( 	����  (Thermal cracking (pyrolysis)
��"H1�1&!(�!.L!��"��* *+.�IM�L3�!>� Pyrolysis ����!>� Thermal cracking *+.��=��.

,<4 �"C%!*��"'0 8:.*H0 49�4'L�8��4#�"1&541�*M*+(=*<:4 /0'0Q*B +1O&2�A�8�M*+(=*<:498:�8
7�' �- 98:' N� 4 7(.��"�"C1-�*(�!.K &44�*L!��"��* '0Q*= &� H C���IM�1&!'">40s+�+"+.�'K):�I=�
0s+�+"+.�'�+('"N!�<5* ;<:4�"C%!*��"(&4� >�!1��4/�>�8����D =")� ���;+'�*�.�>I*"C%% ��"�3�=*(
 &�]2C'$K�C1&! � /� =")�� *K D�#1"A H C0s+�+"+.�9�4'L�8��4��"H1�1&!(�!.L!��"��* 
'0Q*#+:498:93�/(�.�� '*):�4���'0Q*�"C%!*��"98:;&%;��* �3�*!*0s+�+"+.� H C9�4'(+*��40s+�+"+.�
'�+(�<5*= ��= �.���

#3�="&%��"IM��"C%!*��"H1�1&!(�!.L!��"��*�&%*53��&*K)M*&5* B +1O&2�A98:/(� L)�      
H� 'L* H� L8* H� L�/(�8* H�7"��1+� H C�"(L�"A%��;+ +� ;<:4M*+(H C0"+��2��4B +1
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O&2�A*&5*�C�<5*�.�>�&%M*+(��4*53��&*K)M98:IM� #>!*L-2#�%&1+'L�8��4B +1O&2�A98:/(�9&54=�(K%!>� 
�C�87L"4#"��47�' �- L ��.L <4�&%*53��&*0671"' 8.�9&54'%*;+* H C(8';  H1>=����49�4(��*
L!��'0Q*/0/(�I*'M+4K�2+M.AH �!�C'=N*!>� 'L"):�4�)� 'L"):�4!&( �-0�"2A98:'�8:.!���4 H C"C%%
0s+%&1+��"9&54=�( 1��4�8L!��9&*#�&. 9*9�*1>���"'0 8:.*H0 4 7(.'$K�C��"IM�4�*98:�-2=O��+
#�4 �<493�I=�"�L�L>�*���4HK4��� 9&54.&41��4'#8.L>�IM��>�.I*��";>��%3�"-4#�4����8�(�!. #>!*
%-L ��"98:L!%L-�H C(3�'*+*��"9&54=�(1��4�8L!��"�� L!��#���", H CL!��"&%B+(M�%98:#�4 ���
#�'=1-(&4� >�!9&54=�(*85 '0Q*B I=�B +1O&2�A98:/(��8"�L�HK4 H��L-2O�K�C(8�N1��

4. �	�(�����&�	&��#3������!
�"C%!*��"'L ):�*.��.=��>'�#'9�"A %�4L"&54*+.�'"8.�!>� H� ��{�/ ;+# =��.,<4

0s+�+"+.�'L�8"C=!>�4/1"� 8';�/"(AI*/��&*=")�*53��&*�&%H� ��{� A 'K):�I=�'�+(B +1O&2�AH� 
L+ '�#'9�"A��4�"(/��&*H C� 8';�"�  �"C%!*��"*85*+.�IM��&*�.>�4�!��4�!�4 'K):���"0"&%
0"-4L-2O�K9�4'M)5�'K +498:K&P*����/1"� 8';�/"(AI=�(8�<5* 7(.'$K�C��" (L!��=*)(��4'M)5�
'K +4 4

I*�"C%!*��"'L ):�*.��.=��>'�#'9�"A #>!*I=U>�CIM�H� ��{� A98:�8#�.7;>L�"A%�*#&5*
I*��"93�0s+�+"+.�7(.'$K�C'�9�*�  ;<:4'0Q*H� ��{� A98:�8���/(�'0"8.%I*'M+4K�2+M.A#�4 1&!
�.>�4'M>* �8"�L�,�� �8L-2#�%&1+9�4��.O�KH C'L�898:'=��C#� '0Q*H� ��{� A98:�8#�.7;>
L�"A%�*#&5*98:#-( H C�8L!��'0Q*�&5!#�4 #���",M>!.'K+:��&1"�'"N!I*��"93�0s+�+"+.��&%               
/1"� 8';�/"(A/(����98:#-(

Saka and Kusdiana (2001)  *3�'#*�!&1�""�I=�>#3�="&%��"L�*L!��!+�&.'�8:.!�&% ��"B +1
'�9+ '�#'9�"A��4�"(/��&* 7(.IM��"C%!*��"0s+�+"+.�'L ):�*.��.=��>'�#'9�"A98:'�+(�<5*I*#O�K 
H C'4):�*/� supercritical methanol ;<:4/�>�8��"IM�1&!'">40s+�+"+.�M*+(I(' . *&%!>�'0Q*�"C%!*
��";<:4H1�1>�4/0���!+^8��"B +1H%%'�>�98:*+.�IM��&*��*�*7(.#+5*'M+4 �"C%!*��"*85L>�*���4
4>�./�>.->4.��;&%;��* IM�'! �(3�'*+*4�*#&5* IM�K &44�*1:3� H C.&4'0Q*�+1"�&%#+:4H!( ����8�(�!.


		���� 1 L-2#�%&1+��4 Fatty acids alkyl ester 98:/(����*53��&*K)M1>�4M*+(�&*'0"8.%'98.%
�&% *53��&*(8'; 
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Ester Cetane
Number

Heating
Value
(KJ/Kg)

Viscosity
(mPa.s)

Cloud
point
(oC)

Pour Point
(oC)

Flash Point
a   (oC)

Diesel fuel
No.2

47 45343 2.30 (38oC) -15 -33 52

Biodiesel
Methyl

Cottonseed 51.2 - 6.80 (21oC) - -4 110
Rapeseed 54.4 40449 6.70 (40oC) -2 -9 84
Safflower 49.8 40060 - - -6 180
Soybean 46.2 39800 4.08 (40oC) 2 -1 171
Sunflower 46.2 39800 4.22 (40oC) 0 -4 -
Tallow - 39949 4.11 (40oC) 12 9 96
Ethyl
Palm 56.2 39070 4.50

(37.8oC)
8 6 19

Soybean 48.2 40000 4.41 (40oC) 1 -4 174
Tallow - - - 15 12 -
Propyl
Tallow - - - 17 12 -

Isopropyl
Soybean 52.6 - - -9 -12 185
Tallow - - - 8 0 -

a  �-(!�%/Z%�4L>��8L>�1:3���� ���'*):�4�������"�&(K+�KA����� I*'��#�"���4�+4B+(K �( =")�
'�#'1�"A98:/(�.&4L4�8H� ��{� A'= )��.�>
98:�� : �&U�*� (2544)


		���� 2   L-2#�%&1+��4'�#'1�"A98:/(�����"(/��&*�+:�1&!H C/�>�+:�1&!
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Fatty acids ester
(No.carbon atom :
No.double bond)

Mol.wt Melting
Point(oC)

Boiling
Point (oC)

Cetane
No.

Heating
Value
(KJ/Kg)

Methyl caprylate a(18:0) 158.24 - 193 33.6 34716
Methyl caprate a     (10:0 ) 186.3 - 224 47.7 36495
Methyl laurate a        (12:0) 214.3 5 266 61.4 37877
Methyl myristate a  (14:0) 242.41 18.5 295 66.2 38904
Methyl palmitate a (16:0) 270.46 30.5 415 74.5 39448
Methyl stearate a    (18:0) 298.51 39.1 442 86.9 40072
Methyl oleate b      (18:1) 296.49 -20 218.5 47.2 39908
Methyl linoleate b   (18:2) 294.48 -35 215 28.5 39697
Methyl linoleate b  (18:3) 292.46 -57 109 20.6 39342
Methyl erucateb     (22:1) 352.6 - 221 76 40496

a  '�#'1�"A��4�"(/��&*�+:�1&!                          b '�#'1�"A��4�"(/��&*/�>�+:�1&!
98:�� : (&(H0 4��� L�>�&*9"A H CH#4H� (2545)

�	�����"��������
3	�TU��V
�8��"IM�/%7�(8'; �.>�4�!��4�!�4I*9!80.-7"0 H C�8��"#"��47"44�*B +1/%7�(8'; 

�<5*1 �('! �I*0E L.D. 2000 #���",B +1 fatty acid methyl ester (FAME) /(�,<4 811,000 1&* 7(.
IM�'0Q*'M)5�'K +4 219,000 1&* ��������  �C'=N*!>� �8��"*3�'��'�#'1�"A98:/(������"93�0s+�+"+.�/0
IM�'0Q*'M)5�'K +4I*0"+��2#�4 ;<:4'0Q*��"H#(4,<4H*!7*����4L!��*+.�I*��"IM�/%7�(8'; '0Q*
'M)5�'K +4 H CI*"C.C= &4J *85/(��8��"K&P*�!+^8��"B +1/%7�(8'; 7(.IM�'�9�*� I*        
#O�!C'=*)�!+��1 (supercritical methanol) ���B ��"!+�&. K%!>� /(�B /(�#�4�!>���"93�0s+�+"+.�
'�#'1�"+Z6'LM&*H%%'(+� H CIM�'! �#&5*�!>���� 7(./�>�3�'0Q*1��4IM�1&!'">40s+�+"+.� H1>9&54*851��4
K+��"2�(��*1�*9-*H CL!��0 �(O&.I*��"B +11>�/0  "�L���4/%7�(8'; �<5*�&%"�L���4!&1,-
(+%H C'9L7*7 .8��"B +1  7(.= �.0"C'9D*+.�IM�!&1,-(+%98:�8���H C"�L�,�� I*0"C'9D
#="&S�'�"+��#*I�IM�*53��&*,&:!'= )�4  I*�2C98:0"C'9DI*9!80.-7"0IM� rapeseed oil               
H C*53��&*(��9�*1C!&* H CI*%�40"C'9D93���"!+�&.7(.IM�*53��&*���'� N(B /�� 'M>* I*    
H�Z"+�� 9( �47(.IM�'� N(HK"A '0Q*1�* I*#="&S�'�"+��IM�/%7�(8'; '0Q*'M)5�'K +4I*",1&�  
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'")� 'L"):�4�)�9�4��"'�]1" H C",7"4'"8.* 7(. energy policy (EPACT) �*-U�1I=�B#�          
/%7�(8'; �&%*53��&*(8'; /(�,<4 20% '"8.�M):�!>� B 20 7(.9(H9*(8'; /(�,<4 10% I*0E 2000     
(L�>�&*9"A H C H#4H�, 2545)


		���� 3  *53��&*K)M98:IM�B +1/%7�(8'; I*1>�40"C'9D

TU��V ��%�������	���
R"&:4'D# '� N('"0 9�*1C!&*
#'0* '� N('"0 9�*1C!&*
�+1� 8 ,&:!'= )�4

��#'1"8. *53��&*98:IM�H �!
'.�"�&* *53��&*98:IM�H �!

#="&S�'�"+�� ,&:!'= )�4
��' ';8. 0� A� (�.�>"C=!>�4(3�'*+*��")

98:�� : (&(H0 4��� L�>�&*9"A H CH#4H� (2545)

		���� 4  ��"B +1/%7�(8'; I*.-7"0I*0E 2543

TU��V T%�	Y�	$�%
 FAME ����T[���"������
'.�"�&* 340,000 193,000
R"&:4'D# 230,000 0
�+1� 8 140,000 0

'% '.8:.� 80,000 10,000
��#'1"8. 15,000 15,000
#!8'(* 7,000 6,000
"!� (1&*) 811,000 225,000

98:�� : (&(H0 4��� L�>�&*9"A H CH#4H� (2545)
I*1>�40"C'9D�N�87L"4��"93�/%7�(8'; ���*53��&*K)MM*+(1>�4 J 98:�8�.�>���I*0"C'9D

*&5* 'M>* *53��&*'"0  *53��&*9�*1C!&* *53��&*IM�H �! w w (&4"�. C'�8.(I*1�"�498: 3 I*%�4
0"C'9D�N�87L"4��"*3�/%7�(8'; ��IM�4�*H �! 7(.'$K�C.-7"098:�8��"1):*1&!��� 'M>* '.�"�&*
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I*0E98:H �!*3���IM�,<4 193,000 1&* H C�8#,�*8%"+��"*53��&*/%7�(8'; ,<4 900 H=>4                      
((�"�. C'�8.(I*1�"�498: 4) H1>'"�1��4'���I�!>��2C*85I*1>�40"C'9D�8��"IM�*53��&*/%7�(8'; 98:�8
�-(�->4=��.'"):�4L!��#C��(��4#+:4H!( ����+IM>'"):�4��4"�L�  'K"�C/%7�(8'; �8"�L�#�4�!>�*53�
�&*(8'; 

0"C'9D/9.�8��"0 ��K)M*53��&*  98:*��'=*)����  0� A�*53��&*  �CK"��!H C#%�>(3�  /(�H�>  
9�*1C!&*  ,&:!'= )�4  4�  "3����!  H C,&:! +#4  ;<:4���1�"�498:  5 �C'=N*/(�!>� B B +1,&:!'= )�4
H C ,&:! +#4��4/9.#���",B +1/(�'K8.4"��. C 20.83  H C74.29   1�� 3�(&%  ��4L!��1��4��"
%"+7OLO�.I*0"C'9D'9>�*&5*  93�I=�1��4�8��"*3�'���,&:!'= )�4 H C,&:! +#4���1>�40"C'9D   
�3�*!*��� �<493�I=�,&:!'= )�4H C,&:! +#4/�>�8D&�.O�K'K8.4K�98:�C#���",*3���B +1/%7�(8'; 
/(�

#3�="&%*53��&*4� �C'=N*/(�!>�  0"C'9D/9.B +1*53��&*4�'K8.4K��&%L!��1��4��"%"+7OL
O�.I*0"C'9D'9>�*&5* 93�I=��8*53��&*'= )��3�*!**��.���;<:4/�>'K8.4K�#3�="&%��"B +1/%7�(8'; 

��"IM�*53��&*"3����!'0Q**53��&*K)M98:*>�#*I�98:�C*3���B +1/%7�(8'; *&5*  '*):�4����8*53�
�&*'= )����L!��1��4��"IM�I*0"C'9D0"C��20E C 10,000 - 15,000 1&* 98:#>4���/01>�4
0"C'9D  ;<:4#���",*3���IM�B +1/%7�(8'; /(� H1>'�):�K+��"2�(��*1�*9-*"�L�!&1,-(+%   *53��&*"3�
���! �C'=N*/(�!>� *53��&*"3����!�8"�L�  30.86  %�91>� +1" (1�"�498: 6) I*0E K.D. 2547  ;<:4'0Q*"�L�
98:#�493�I=�*53��&*"3����!.&4/�>�8D&�.O�K'K8.4K�98:�C*3���B +1/%7�(8'; 

(&4*&5*�C'=N*/(�!>�  !&1,-(+%*53��&*K)M9�*1C!&*  ,&:!'= )�4  4�  "3����!  H C,&:! +#4  '�):�
K+��"2�(��*0"+��2H C"�L�!&1,-(+%  K%!>�.&4/�>�8D&�.O�K'K8.4K�I*��"B +1/%7�(8'; 


		���� 5 0"+��2B B +1 *3�'��� #>4��� H C��"IM�I*0"C'9D��4� ->�K)M*53��&*98:#3�L&U
��4/9.   0E K.D. 2546
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K)M*53��&* B B +1
(1&*)

*3�'���
(1&*)

#>4���
(1&*

IM�I*0"C'9D#-9^+
(1&*)

9C �. 4,902,383 0 0 4,902,3830� A�*53��&*
*53��&* 640,000 66,731 210,480 398,374
'� N(I* 138,000 2 4,804 133,1980� A�*53��&*
*53��&* 59,939 1,379 47,422 13,896
'� N( 40,000 854 13,437 27,4174�
*53��&* 8,191 34 385 7,840
B 1,432,000 575 28,478 1,403,597�CK"��!

*53��&* 43,302 13 1,283 38,200
"3����! *53��&* 20,300 194 18,798 1,696

'� N( 270,000 1,691,168 5,977 1,296,341,&:!'= )�4
*53��&* 180,000 1 29,898 150,103
in Shell
Eq.

120,000 43,858 2,323 161,535

Shelled
Eq

84,000 30,701 1,626 113,074

,&:! +#4

*53��&* 10,675 0 0 10,675
'� N( na 4,773 144 4,6299�*1C!&*
*53��&* na 14,358 136 14,222

=��.'=1-       na  /�>�8����� 
/�>�8����� #%�>(3�

98:�� : FAO, 2549


		����  6 "�L�*53��&*K)M��.#>498:1 �(�"-4'9K (%�9/ +1")

0E *53��&* *53��&* *53��&*4� *53��&*,&:! *53��&* *53��&* *53��&*
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0� A�(+% �CK"��!(+% '= )�4 "3����! ,&:! +#4 9�*1C!&*
2545 14.00 14.28 57.10 36.53 24.85 48.15 39.79
2546 15.22 15.95 57.10 26.67 30.10 48.36 -
2547 16.36 21.03 - 27.82 30.86 49.99 -

98:�� : (&(H0 4����� ����"���"L��O�.I*

 ( 	��	�	^���	��������	��������

��"*3�!&1,-(+%*53��&*K)M��IM�I*�"C%!*��"B +1/%7�(8'; *&5* �C1��4L3�*<4,<4L!��
1��4��"�-07OL%"+7OL*53��&*K)MM*+(*&5* J '#8.�>�* #3�="&%L!��#���",I*��"9(H9*       *53�
�&*(8'; �CK+��"2����*53��&*K)M 3 M*+( L)� *53��&*0� A�, *53��&*�CK"��! H C*53��&*K)MIM�H �! 
'�):�K+��"2������"0"C��2��"*53��&*K)M98:'= )����L!��1��4��"�-07OLH C%"+7OLI*0E     
K.D. 2548  (&4H#(4I*1�"�498: 7 �C'=N*/(�!>� 0"+��2*53��&*K)M 9&54*53��&*0� A� *53��&*�CK"��! 
H C*53��&*K)MIM�H �! 98:�8'K):�B +1/%7�(8'; "!�9&54=�('9>��&% 125.32  ��* +1" ;<:4#���",9(
H9*L!��1��4��"IM�*53��&*(8'; /(�'K8.4 "��. C 0.65 '9>�*&5* (L!��1��4��"IM�*53��&*(8'; I*0E 
K.D. 2548  ��40"C'9D/9.  '9>��&%  19,392.58   ��* +1")

*�����*85�"2898:B B +1���K)M*53��&*I*0"C'9D%�40E�8 �*1 �( 93�I=�"�L�1� "&S%� �N
1��4'�����M>!.'= )�I*��"0"C�&*"�L�  =��'"��87L"4��"/%7�(8'; �N�C93�I=�*3�B B +198:�8     
 �*1 �(%"+7OL��H0 4'0Q**53��&*'M)5�'K +4 ;<:4�C (��"*3�'���*53��&*(+%  (��"'#8.'0"8.%(- ��"
L���8�(�!. '�]1"�"�N�87���#98:�C�8"�./(�(8�<5*  'K"�C"�L�*53��&*�C/�>1�1:3���� #+:4=*<:4 98:'"�
���'1"8.�K"���/!� L)��%!*��"B +1'�#'1�"A��4*53��&*K)M�C�8� 8';�"� �����'0Q*       B 
K �./(�'0Q*�3�*!*��� ;<:41��4�8�-1#�=�""�"�4"&%98:I=U>K�#�L!"(�!.


		����  7  ��"L�(LC'**53��&*K)M'K):�B +1/%7�(8';   0E K.D.  2548

���	������ T%�	Y���	��������$�%
��"������ ( 	��	�	^��������	��������



13                                                                                                                                                            

(��	��%
) (��&�U)
*53��&*0� A� 47.87 0.25
*53��&*�CK"��! 2.95 0.02
*53��&*K)MIM�H �! 74.5 0.38

 � 125.32 0.65

��"������)	�����(%�)	��	T̀��	�	 (biodiesel from waste cooking oil)
0T��-%&* /%7�(8'; �8"�L�#�4�!>�"�L�(8'; 98:/(����0671"' 8.� ;<:4/%7�(8'; �8"�L����

�!>� US$ 0.5/ +1" '�):�'98.%�&%(8'; 98:/(����0671"' 8.� US$ 0.35/ +1" �&*'*):�4�����"�L�           
*53��&*K)M%"+#-9^+_ 'M>* I*#="&S�'�"+��  "�L�*53��&*,&:!'= )�4�8"�L���.'$ 8:.98: $0.36/ +1"      
('()�*�+,-*�.* 2545)  (&4*&5*"�L���4/%7�(8'; �<4#�4�!>�(8'; 98:/(����0671"' 8.� 'K"�C$C*&5*
��" ("�L���4/%7�(8';  4�<4'0Q*=&!���!+�&.98:*>�#*I� 7(.'$K�C��" 49-*��4!&1,-(+% �<4�8
��"IM�"8/;'L+ �����"0"-4��=�"H9**53��&*K)M%"+#-9^+_  I*��"B +1/%7�(8';   ;<:40"C��2!>�
"�L���41�*9-*��"B +1�C ( 4'= )�L"<:4=*<:4��4*53��&*K)M%"+#-9^+_ (Zhang et al, 2003)
����������"������ ( %b	 ��, 2546)

1. �8L!��0 �(O&.I*��"�&('�N% 'K"�C/�>'0Q*K+]H C#���",.>�.# �.9�4M8!O�K/(�
2. B +1/(����!&1,-(+%98:/(����'�]1"  =")�*53��&*98:IM�H �!����"C%!*��"�-1#�=�""�
3. M>!. (0TU=�'�8:.!�&%� K+]9�4����DH C#+:4H!( ��� 'K"�CH�u#'#8.98:'�+(�����"'B�

/=��'L"):�4.*1A;<:4IM�*53��&*(8'; M8!O�K �C�8�4LA0"C��%��4;& 'Z�"A/(���/;(A  
L�"A%�*��**��/;(A  '��>�  =")� �4LA0"C��%��4/{7("L�"A%�* ;<:4,��'B�/=��/�>
#�%�"2AI*0"+��298:1:3��!>�'L"):�4.*1A98:IM�*53��&*(8'; 0671"' 8.�

������&�����"������ ( %b	 ��, 2546)
1. �8"�L�HK4'*):�4���1�*9-*#�4
2. �8��"#"��4H�u#/*71"'�*���/;(A (NOx) 'K+:��<5*
3. ���1��493���"(&(H0 4#>!*0"C��%'L"):�4.*1A98:'0Q*.�4 (rubber) ;<:4���,��93� �.7(.

/%7�(8'; 


 )����	

1.    T	�!����	�����U�U� ��	$�%
���	���T	�!�
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1.1 T	�!����	���
0� A�*53��&* (Elaeis guineensis)  '0Q*K)M'D"]S�+�98:#3�L&U�.>�4=*<:4 98:0 ���&*���9�4

O�LI1���4/9."�4���.�4K�"� *+.�0 ���&*���I*�&4=!&(�"C%8: #-"�]s"A^�*8 M-�K" #1�  H C
1"&4 B B +1��40� A�*53��&*�C,��*3�/0H0""�0'0Q**53��&*0� A� ;<:4�8H*!7*����"B +1#�4�<5*     
9-� J 0E 0"C'9D98:�8��"B +1H C#>4���*53��&*0� A�'0Q*�&*(&%=*<:4��47 � L)� ��' ';8. "�4 4��
L)� �+*7(*8';8. ;<:40"C'9D'= >�*85�8#O�KO��+����DI� �'L8.4�&%0"C'9D/9.

�"C%!*��"#�&(*53��&*0� A�I*0"C'9D/9.�8 3 !+^8 (B�#-� H CL2C, 2531) �"C%!*��"
B +1H%%IM�/�*53�'0Q*!+^8��1"S�* �"C%!*��"B +1H%%.>�4B 0� A�=")�=8%*53��&*B#� H C
�"C%!*��"B +1H%%9�(B 0� A� /(�*53��&*0� A�H%>4 2 M*+(I=U> J ,��/(����'*)5���4B 0� A� 
(mesocarp) '"8.�!>� *53��&*0� A� (palm oil) ,��/(����'*)5�I*'� N(0� A� (palm kernel) '"8.�!>� *53�
�&*'� N(0� A� (palm kernel oil) '�):�*3�*53��&*0� A�/0H.�#>!*H C93�I=�%"+#-9^+_�C/(�#>!*98:'0Q*
��4'= !'"8.�!>� *53��&*0� A�7�' �8* (palm olein) ;<:4'0Q**53��&*0� A�98:IM��&*9&:!/0 H C#>!*98:
'0Q*/� '"8.�!>� 0� A�#'18."8* (palm stearin)

*53��&*0� A��8#>!*0"C��%��4�"(/��&*H C��"�&('"8.41&!��4�"(/��&*I*13�H=*>498:
H1�1>�4�&*/0 �<5*�.�>�&%#�.K&*^-A��4*53��&*0� A� K)5*98:%"+'!2'K�C0 �� H CO��+����D 9&54     *53�
�&*0� A�H C*53��&*'� N(0� A��8L-2#�%&1+9�4'L�8H CZ6#+�#A1>�4�&* *53��&*0� A��8'0�"A';*1A��4
�"(/��&*�+:�1&!H C/�>�+:�1&!I*0"+��298:I� �'L8.4�&*L)� "��. C 48.05 H C 51.95 1�� 3�(&% 
(/K�+1", 2530) I*�2C98:*53��&*���'� N(0� A��8"��. C��4�"(/��&*�+:�1&!#�4"��. C 78.82  (1�
"�498: 8)  �<4�8B I=��8��"*3�/0IM�0"C7.M*A98:H1�1>�4�&*

1.2 �U� ��	$�%
���	���T	�!�
�""�!+^8��"B +1*53��&*0� A�H#(4I*O�K0"C��%98: 1 - 3 '0Q*�"C%!*��"B +1               

98:H1�1>�4�&*���/0H1>����3�H*�/(�'0Q* 2  &�]2CI=U> J L)���"B +1H%%/�>IM�*53� H CH%%   
IM�*53� ;<:4�C�8B 1>�0"+��2*53�9+5498:����� ��"B +1H%%/�>IM�*53� (O�K0"C��%98: 1) �C/�>�8        
*53�'#8.' . '0Q*��" (0TU=� H CL>�IM��>�.'�8:.!�&%��"��"�3��&(*53�'#8./0/(� L!��"��*I*��"�%
B 0� A�/(����Z[*1��4IM�'! �I*��"�% 48 M&:!7�4 ;<:4*�*�!>���"�%(�!./�*53���� (/�>'�+*        
2 M&:!7�4) I*�&5*1�**85*53�=*&��C=�./00"C��2 30% B 0� A��C,��#>4/0.&4'L"):�4=8%H%%
'� 8.!�&( (screw press) *53��&*98:/(�,��93�I=�"��*H CB>�*'���'L"):�4�"�4H%%�&(= �.M&5*         
(filter press) 'K):���&(#+:4'�)�0*��� !+^8*85'=��C�&%7"44�*�*�(' N�'0Q*�"C%!*��"98:/�># &%;&%
;��*/(�*53��&*0� A�(+%'0Q**53��&*�C'9. L)� *53��&*B#�9&54���#>!*'0 )��H C'� N(I* ;<:4L-2O�K 
�C(��.�!>�*53��&*���#>!*'0 )��'K8.4�.>�4'(8.! (K�*#-� H CL2C, 2533)
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		���� 8 L-2#�%&1+9�4'L�8H CZ6#+�#A��4*53��&*0� A�

Palm oil Palm kernel oil
Iodine Value 43-59 14-20
Acid Value 15 20

Saponification Value 195-210 240-257
Unsaponfication matter (%) 1 1

Colour (Lovibone)* Y : 2.5R 10Y : 1R25
Total saturated fatty acid (%) 48.05 78.82
Total unsaturated fatty acid

(%)
51.95 21.18

* : cell, 5 1/4 in.
98:�� : (&(H0 4����� /K�+1" (2530)

        Fruits

Heater for 48 h

  Screw press

      Crude oil

         Heater

          Filter

           Oil

O�K0"C��%98: 1 HB*O��+H#(4��"B +1*53��&*0� A�(+%B#�H%%/�>IM�*53�
98:�� : K�*#-� H CL2C (2533)

Fresh fruit bunches
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Autoclave (40 pounds/in2 1 ½ - 1 ¾  h)
Effluent from autoclave      

     Stripper                                      Stalks
                        
    water      oil         Fruit

    Digester

Press (screw press, capacity 10 tons/h 1000 - 1500  pounds/in2)

 
Press liquor (90oC)                         Press cake

                                  Decanter                            Cyclone        Fiber

        Wet  kernels

 water                     sludge              oil                         Kernel dryer

 Final effluent                                                                                              Dry kernels

O�K0"C��%98: 2 HB*O��+��"B +1*53��&*0� A�(+%H%%IM�*53�98:�8��"IM�'L"):�4#�&(H.�
 *53��&*H%%(8'L*'1�"A

98:�� : K�*#-� H CL2C (2533)
Fresh fruit bunches

Effluent from autoclave              Autoclave     (40 pounds/in2 , 1 ¼ h)
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Final effluent                    Stripper               Stalks                Burning

                                                                                                                                         High potassium ashes
             Digester

 Press

                            Press cake                    Press liquor

Screw press and heater Setting tank

Hydrocyclone        Screen

  Nut                 Fiber       Continuous tank (3 parts)

  Silo         Part 1 Part 2               Part 3
                                                                                     Desander                Heater Oil
Nut dryer
                                                                                                              Water + sludge        Oil

            Nut cracker
 Tank 1           Centrifuge

      Winnowing  Column                Separator     Vacuum dryer

Kernel                                                                                       Water             Sludge            Tank 2
               
             Washing                                 water                                        Final effluent              Oil

Kernel   dryer Wastewater  treatment system

 Kernel                           Used to water oil palm  trees

O�K0"C��%98: 3 HB*O��+��"B +1*53��&*0� A�(+%H%%IM�*53�98:IM�'L"):�4#�&(*53��&*H%%
 ';K�'"'1�"A

98:�� : K�*#-� H CL2C (2533)
2 T%�	Y��U(`Y���eYU������	�%��)	�"��	��������	���T	�!�

*53�9+54����"C%!*��"B +1*53��&*0� A������#�4�&5*1�*L)� *53�*<:40� A�=")� *53�9+54���
=���*<:4�>�'M)5� (sterilizer condensate) H C*53�9+54���'L"):�4 decanter  =")�'L"):�4 separator �>�*�C
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/= /0"!��&*'0Q**53�9+54"!�I*%>�%3�%&(*53�'#8.���7"44�*  *53�9+54���=����>�'M)5��80"C��2 200 
 +1" 1>� 10 1&*9C �.��40� A� (=")� 10% ��4*53��&*98:B +1/(�) L+('0Q*"��. C 2 (0"+��27(.*53�
=*&�) ��49C �.0� A� (K�*#-� H CL2C, 2533) #>!*0"+��2*53�9+549&54=�(L+('0Q*"��. C 60 ��4
0"+��29C �.0� A� (Hwang, et  al., 1978 ���47(. K�*#-� H CL2C, 2533)  =")�  2 ½ - 3 '9>���4
0"+��2*53��&*98:B +1/(�  (Cheah, et al., 1988 ���47(. K�*#-� H CL2C, 2533)

�����"#3�"!�0"+��2*53�9+54��47"44�*#�&(*53��&*0� A�I*0"C'9D��' ';8.7(.
PORIM/RRIM (1981 ���47(. 0"8M�, 2539) 0"C��2��"!>� *53�9+54#>!*I=U>�����=���*<:4�>�'M)5��8
0"C��2  0.9  ��%�D�A'�1"1>�1&*��4*53��&*  *53�9+54���'L"):�4H.��"!(9"�. (desander) 0.1 - 0.2 
 ��%�D�A'�1"1>�1&*��4*53��&* H C*53�9+54���'L"):�4H.� separator =")� decanter 1.5  ��%�D�A'�1"
1>�1&*��4*53��&* 7(.*53�9+54"!��80"+��2 2.5  ��%�D�A'�1"1>�1&**53��&*98:B +1/(�

K�*#-� H CL2C (2533) "�.4�*L-2 &�]2C��4*53�9+54���7"44�*#�&(*53��&*0� A�H1�
1>�4�&*�<5*�.�>�&%H= >498:����4*53�9+54  /(�H�>*53�9+54���%>�"!%"!�*53�'#8.  *53�'#8.���=����>�'M)5� 
H C*53�9+54���'L"):�4 decanter =")�'L"):�4'=!8:.4 (centrifuge) ���1�"�498: 9 H#(4L-2 &�]2C7(.
"!���4*53�9+54���H= >41>�4 J �C'=N*!>� *53�9+54���%>�"!%"!�*53�'#8.�8L>�%87�(8 (57.38 �"&�/ +1"), 
;87�(8 (73.23 �"&�/ +1"), ��4H�N49&54=�( (68.98 �"&�/ +1"), ��4H�N4H�!* �. (35.25 �"&�/ +1") 
H C�"8# (grease) (1.23 �"&�/ +1") ;<:4'$ 8:.�C#�4�!>�*53�9+54���'L"):�4 decanter =")�'L"):�4=�-*
'=!8:.4 (�8L>�1>�4 J '$ 8:.'9>��&% 33.19, 52.91, 23.63, 11.60 H C 0.005 �"&�/ +1" 1�� 3�(&%) I*�2C
98:*53�9+54'L"):�4 condensate �8L>�;87�(8 (75.60 �"&�/ +1") H C��4H�N49&54=�( (72.56 �"&�/ +1") 
'$ 8:.#�4�!>�*53�9+54���%>�"!%"!�*53�'#8. ���1�"�498: 10 (�"&U H CL2C, 2537) H#(4L-2 &�]2C
*53�9+54����&5*1�*��"B +11>�4 J ��47"44�*#�&(*53��&*0� A��3�*!* 4 7"4 K%!>�*53�9+54���=���
*<:4�80"+��2#�"H�!* �.1:3� ('$ 8:. 10.30 �"&�/ +1") H C�8*53��&*L>�*���4#�4 ('$ 8:. 14.57 �"&�/
 +1") *53�9+54��� separator �8*53��&*'= )��.�> 12.78 �"&�1>� +1" I*�2C98:*53�9+54��� decanter �8*53��&* 
15.21 �"&�/ +1"  *53�9+54���%>�K&�*53�9+54"!�H C*53�9+54���  %>�(&�*53��&*#-(9��.�8*53��&* 9.45 H C 
11.36 �"&�/ +1" 1�� 3�(&% 7(.'$ 8:.7"44�*#�&(*53��&*98:#3�"!��80"+��2*53�9+54 0.87  ��%�D�A1>�
1&*9C �.0� A�#( ;<:4�8L>�;87�(8, %87�(8, #�"H�!* �. H C *53��&*'9>��&% 52.45, 26.59, 12.84 
H C 8.72 �+7 �"&�1>�1&*9C �.0� A�#(


		���� 9 L-2 &�]2C��4*53�9+54 ����&5*1�*1>�4 J I*��"#�&(*53��&*0� A� H C*53�9+54"!�
   ��47"44�*#�&(*53��&*0� A�
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Parameters Wastewater Effluents from
autoclave

Efluents from
decanter or separator

Color Dark Brown Brown Brown-Blackish
Brown

PH 4.05 p 4.62 4.84 p 5.35 4.61 p 4.89
BOD 54,750 p 60,000 22,800 p 41,985 21,000 p 45,375
COD 80,523 p 115,934 45,360 p 80,146 38,246 p 67,567
Volatile acid 3,128 p 5,870 998 p 7,125 1,838 p 2,273
Alkalinity 68 -200 3.75 p 1,576 86.5 p 480
Grease 16 p2,449 20.9 p 1,103 4.7
Total solids (TS) 49,053 p 88,508 26,367 p 76,733 25,634 p 47,242
Volatile solids (VS) 42,063 p 81,872 24,415 p 67,635 23,056 p 39,617
Suspended solids (SS) 18,500 p 52,000 2,600 p 6,100 2,900 p 20,300
Nitrogen

- ammonia
- organic

27 p 61
551 p1,172

7.7 p 66.3
22.4 p 1,287

22.8 p 23.0
518.5

=��.'=1- 9-�=*>!.�8L>�'0Q* �+  +�"&�/ +1" .�'!�*#8H CK8'�M
98:�� : (&(H0 4���K�*#-� H CL2C (2533)


		���� 10 L-2 &�]2C*53�9+547(.'$ 8:.���7"44�**53��&*0� A� 4 7"44�*

Mills pH Temperature COD BOD COD/BO SS O&G
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(oC) (mg/l) (mg/l) D (g/l) (g/l)
Asian Palm Oil Company
Ltd.a

4.65 64.9 113,960 59,389 1.94 26.30 14.70

Southern Palm Oil
Company Ltd.b 4.58 64.9 68,344 30,704 2.29 20.80 7.60
Siam Palm Oil and Industry
Company Ltd.c 4.67 63.4 42,644 21,450 2.00 5.20 14.20
United Palm Oil Industry
Company Ltd.b 4.53 54.1 57,641 29,100 1.98 1.98 7.70
Mean 4.61 66.3 70,647 35,160 2.05 17.50 11.10
Std. Deviation 0.06 3.70 26,249 14,149 0.14 7.80 3.40

a- using decanter
b- using separator and decanter
c- using separator

98:�� : �"&U H CL2C (2537)

3.  ������� (Fatty acid)
�"(/��&*'0Q*�"(�+*9"8.A98:#>!*I=U>�8�3�*!*L�"A%�* 4  -  24 �C1�� 0 �.���4=*<:4

'0Q*=��>L�"A%��;+ 0 �.�8����4�8 &�]2C'0Q*7;>.�!��4*�*7K �"A/{7("L�"A%�* 
/{7("L�"A%�*93�I=��"(/��&*/�> C �.*53� I*^""�M�1+��4K)M�"(/��&*�8�3�*!*L�"A%�*
�C1��'0Q*' �L�> H C'0Q*7;>.�!�+:�1&! (/�>�8K&*^CL�>) =")�/�>�+:�1&! (�8K&*^CL�>) =")��8K&*^C#�� 
(triple bond) 1 L�> =")�����!>� �"(/��&*H1> CM*+(�8L!��.�!��47;> �3�*!*H C13�H=*>4��4
K&*^C/�>�+:�1&!H1�1>�4�&* �"(/��&*98:K%I*';  AK)M=")�#&1!A�C/�>K%I*"�0�+#"C H1>�C�.�>"!�
�&% +06((�!.K&*^C7L!�' *1A ;<:4,��.>�.# �./(�7(.��"IM�'�*/;�A=")�#�"'L�8

�"(/��&*98:K%I*K)MH C#&1!AM&5*#�4�C�8�3�*!*L�"A%�*�C1��'0Q*' �L�> �.�>"C=!>�4     
14 p 22 �C1�� 7(.'$K�C C16 H C C 18 K%���98:#-( H C,��=���8K&*^CL�>����!>� 1 L�> �N�C'0Q*
H%%*�*L�*��'�1 (- CH = CH p CH2 p CH = CH -) 7(.�8L�*Z6�-'"M&*H%%;8# �"(/��&*98:�8
#�.7;>.�! J (C16 pC18)  C �.*53�/�>/(� H1>,��I*"�0'� )�#���",#"��4/�';  AI**53�/(� H C       
/�';  A#���",L4"�0�.�>/(�(�!.�&*1"�+"+.�H%%/{7("7Z%+� (��O&##"�, 2537)
3.1 �	���TU"&��!)	��������
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�"(/��&*IM�'0Q*!&1,-(+%'"+:�1�*#3�="&%��"B +1HZ1185H� ��{� A  HZ1185'�#'1�"A H C#�"
0"C��%HZ1185/*71"'�*  ;<:4IM�'0Q*!&1,-(+%7(.1"4=")�*3�/0(&(H0 4=��>7L"4#"��4'K):�B +1#�"
�*-K&*^A98:#3�L&UI*�-1#�=�""�1>�4 J /(������. 0"C'9DI*� ->���';8.*#���",B +1    basic 
oleochemical /(�,<4"��. C 35 ��47 � 7(.!&1,-(+%= &��CB +1���*53��&*0� A�H C*53��&*�CK"��!  
!+^8��"98:4>�.98:#-(I*��"B +1�"(/��&*L)�  ��"IM��-2=O��+H CL!��(&*#�4I*��"H.�/��&*H C*53�
�&* (fat splitting) #�"B#���4�"(/��&*#���",H.�I=�%"+#-9^+_7(.��"� &:*      �"(/��&*98:H.�
/(�#���",*3���'0Q*!&1,-(+%'"+:�1�*#3�="&%�-1#�=�""���"B +1��=�"  .�4'98.*/� H C'L"):�4
#3���4/(�7(.1"4 (Hui, 1996)

I*�-1#�=�""���"B +1.�4 �"(/��&*�C,��'1+� 4I*"C=!>�4�&5*1�*��"B +1'K):�93�
=*��98:'0Q*#�"'K+:�L!��*->� #�"= >� ):* H C93�=*��98:M>!. ("C.C'! �I*��"I=�L!��"��* 7(.
L!��.�!��4#�.�"(/��&*/�>�8B 1>���"93�=*��98:(&4� >�! H1>�"(/��&*98:�8L!���+:�1&!#�4����8
B �"C9%1>��"C%!*��"B +1/(� ��"B +1'98.*/�/(��8��"*3��"(/����*53��&*0� A���IM�'K):�'K+:�
L-2#�%&1+I*(��*L!��=(1&! 93�I=�4>�.1>���"(<4������'%��  ;<:4�&1"�#>!*98:'=��C#���4        
�"(/��&*98:IM�L)� C16 1>� C18 I*�&1"�#>!* 7:2 (&4*&5* �<4�8��"*3�*53��&*0� A�#'18."8*��IM�'*):�4
����80"+��"�"(0� A�+1+�#�4 *�����*85 .&4�8��"IM��"(/��&*I*�-1#�=�""���"B +1'L"):�4
#3���4  M*+(��4�"(/��&*98:*+.�IM��&*���98:#-(L)�  �"(/�"8#1+�  �"(0� A�+1+� H C  �"(#'18.
"+� !&1,-0"C#4LA��4��"*3���IM�'K):�M>!.'K+:���"'0Q*Z�4  'K+:�L!��'0Q*'4��&* H C93�=*��98:'0Q*
L�*(+M&*'*�"A (Hui, 1996)

*�����*85�8��"*3��"(/��&*98:/(�����CK"��!��IM�I*�-1#�=�""�#%�>H C*53�.�;&�Z��
���.+:4�<5* �"("+;+7*' �+�98:K%I**53��&* C=->4'0Q*�"(/��&*98:IM�I*�-1#�=�""�#8.��� H C
��"C%8��*�*H �! (0!82�, 2547) H C.&4�8K)M�8�= �.M*+(98:I=��"(/��&*H C*53��&*98:I=��"(/�
�&*H C*53��&*98:�80"C7.M*AI*�-1#�=�""��):* J (&4H#(4I*1�"�498: 11


		���� 11 %9%�9��4�"(/��&*���K)MI*�-1#�=�""�

Industry Fatty Acid Plant
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palmitic acid palm (Elaeis guineensis)
stearic acid cocoa (Theobroma cacoa)
oleic acid Olive (Olea europaea L.)

canola (Brassica napus)
linoleic acid Sunflower (Helianthus annuus)

corn (Zea may)

Food

linolenic acid linden (Linum usitatissimum)
Soy been (Glycine max)

Functional food γ - linoleic acid Eveningprimrose (Oenotherabiennis)
Borage (Borago officinalis L.)

Cosmetic stearic acid cocoa (Theobroma cacoa)
octanoic acid Cuphea hookerina

capric acid Cupheapaucipetala

Californiabay (Umbellulariacalifroniaca)

Fuel oil, Detergent, Soap

lauric acid and
myristic acid

nutmeg (Myristica fragans) and
coconut (Cocos nucifera)

Plastic, Nylon, Resin petroselinic acid

calendic acid

Coriandrum sativum L.

Carrot (Duacus carota L.)

Calendula officinalis

Color, Varnish, linoleum linolenic acid

α - linilenic acid

sunflower (Helianthus annuus)
corn (Zea may)
linden (Linum usitatissimum)

Epoxy resin vernolic acid Vernonia anthelmintica

98:�� : Murphy (1994) H C Hills (2001) ���47(. 0!82� (2547)


		���� 11 %9%�9��4�"(/��&*���K)MI*�-1#�=�""� (1>�)

Industry Fatty Acid Plant
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Engine oil, Nylon calendic acid Calendula officinalis

Color, Lubricant ricinoleic acid castor(Ricinus communis)

Enamel, Varnish α - eleostearic acid tung (Aleurites fordii)
Color, Ink, Enamel α - licanic acid octicica (Ligcania rigida)
Engine oil eicosenoic acid Me a d ow f o am  (L imnan t h e s  

douglasii)
Engine oil, Nylon erucic acid mustard (Brassica juncea)

rep seed (Brassica napus)
Engine oil nervonic acid honesty (Lunaria annua)

98:�� : Murphy (1994) H C Hills (2001) ���47(. 0!82� (2547)

4. �(�����Th%�%%&	 esterification  ��UTh%�%%&	 transesterification
Esterification '0Q*0s+�+"+.���4�"(�&%H� ��{� A7(.IM�1&!'">40s+�+"+.�I=�� �.'0Q*'�#'1�"A  

�8#���"9&:!/0 (&4*85

                                                                      Acid
OHRRCOOOHRRCOOH

2
+′⇔′+

                                                            Catalyst

              Fatty Acid             Alcohol                     Ester                  Water

O�K0"C��%98: 4 0s+�+"+.�'�#'1�"+Z6'LM&*

7(.9&:!/0�CIM��"(;& Z6!"+�'0Q*1&!'">40s+�+"+.� esterification '0Q*0s+�+"+.�B&*� &%/(� (&4*&5*
1��4�8��"(<4*53����'K):�I=�0s+�+"+.�(3�'*+*/09�4(��*�!��)�'K):�'K+:�B /(� (yield) ��4'�#'1�"A

Transesterification  '0Q*�"C%!*��"'L ):�*.��.=��>'�#'1�"A  =��.,<4 0s+�+"+.�'L�8"C=!>�4
/1"� 8';�/"(AI*/��&*=")�*53��&*�&%H� ��{� A  'K):�I=�'�+(B +1O&2�AH� L+ '�#'1�"A��4    
�"(/��&*  H C� 8';�"�  �"C%!*��"*85*+.�IM��&*�.>�4�!��4�!�4 'K):���"0"&%0"-4L-2O�K9�4
'M)5�'K +498:K&P*����/1"� 8';�/"(AI=�(8�<5* 7(.'$K�C��" (L!��=*)(��4'M)5�'K +4 4
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I*�"C%!*��"'L ):�*.��.=��>'�#'1�"A #>!*I=U>�CIM�H� ��{� A98:�8#�.7;>L�"A%�*#&5*
I*��"93�0s+�+"+.�7(.'$K�C'�9�*�  ;<:4'0Q*H� ��{� A98:�8���/(�'0"8.%I*'M+4K�2+M.A#�4 1&!
�.>�4'M>* �8"�L�,�� �8L-2#�%&1+9�4��.O�KH C'L�898:'=��C#�'0Q*H� ��{� A98:�8#�.7;>L�"A%�*
98:#&5*98:#-( H C�8L!��'0Q*�&5!#�4 #���",M>!.'K+:��&1"�'"N!I*��"93�0s+�+"+.��&%/1"� 8';�/"(A/(�
���98:#-(I*'9��9&:!/0,��IM�'�9�*� �C'"8.�!>� methanolysis 98:*+.�IM�'�9�*� '*):�4����8"�L�
,�� H1>H� ��{� AM*+(�):*�N#���",IM�/(�'M>*�&*

O�K0"C��%98: 5 0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&*
98:�� : Srivastava and Prasad (1999)

7(.9�49�]�8H �! #�(- �! #�"#&�K&*^A��40s+�+"+.�'L ):�*.��.=��>'�#'1�"A98:#�%�"2A

*&5* 1��40"C��%(�!.�&1"�#>!*7� ��4#�"1&541�*"C=!>�4H� ��{� A1>�/1"� 8';�/"(A'0Q*        
3 7�  1>� 17�  H1>I*9�40s+%&1+K%!>�0s+�+"+.�'L ):�*.��.=��>'�#'1�"A#���",B&*� &%/(� (&4*&5* 
,��1��4��"B +1O&2�AH� L+ '�#'1�"A��4�"(/��&*=")� *53��&*(8'; M8!O�K����<5* 1��4'K+:�
�3�*!*7� H� ��{� A����<5*(�!. 'K):��&%(&*I=�O�!C#�(- ' ):�*'���I� �B +1O&2�A98:1��4��"���
98:#-(   =")�(<4B B +11&!I(1&!=*<:4������0s+�+"+.�9&54=�(   0s+�+"+.�'L ):�*.��.=��>'�#'1�"A
#���",'K+:��&1"�'"N!(�!.1&!'">40s+�+"+.�= �.M*+( 'M>* '%# �"( =")� '�*/;�A �N/(� (Ma and 
Hanna, 1999)
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,<4H��!>�0s+�+"+.����41�*�C'0Q*0s+�+"+.�"!� ;<:4�C0"C��%/0(�!.��"B&*� &%1>�'*):�4  L)� 
���/1"� 8';�/"(A'0Q*/(� 8';�/"(A H C'0Q*7�7*� 8';�/"(A �&% 1 7� ��4'�9+ '�#'1�"A98:H1�
1&!/0 H C���(- �! ���41�* 1��4��" 3 7�  '�9�*� 1>� 1 7�  /1"� 8';�/"(A �<4IM�'�9�*� 
���'�+*K� 100%  ;<:4�CI=��&1"���"'0 8:.* (conversion rate) #�4 H C�CIM�1&!'">40s+�+"+.�M*+( 
alkaline 7(.9&:!/0*+.�IM� 7;'(8.�'�9+ ' 1 H1>�N#���",IM� KOH =")� NaOH /(� #>!*�&1"���"
'0 8:.*�<5*�&%�-2=O��+   H1>�.>�4/"�N1��'�):�I=�'! �98:'K8.4K�0s+�+"+.��N�C(3�'*+*/0#�%�"2A/(�   
2 �-2=O��+=��4 7(.9&:!/00s+�+"+.�'�+(98:�-2=O��+I� ��-('()�(��4'�9�*�   H CL!��/�>%"+#-9^+_
I**53��&*#>4B �&1"���"'0 8:.*(�!. 7(.O�.I1�'4):�*/�'(8.!�&*,��IM�*53��&*K)M98:/�>/(�B>�*�"C%!*
��"� &:*�C/(� 67-84% conversion H1>,��IM�*53��&*K)M98:B>�*�"C%!*��"� &:*�C/(�        94-97% 
conversion H C�"(/��&*�+#"CI**53��&*�C"%�!*��"93�4�*��41&!'">40s+�+"+.�  H1>O�.I1�'4):�*
/��-2=O��+ H CL!��(&*#�4J 0TU=�*85�C=�(/0 (Hui, 1996)

4.1   Ti))�&�����$�
3�Th%�%%&	�	��!����
�%jk�(���
4.1.1 ( 	����� (Moisture) ��U��������%�U (Free fatty acid)

!&1,-(+%'"+:�1�*IM�/1"� 8';�/"(AI*��"93�0s+�+"+.�9"�*#A'�#'1�"+Z6'L
M&* ;<:4�8(>�4'0Q*1&!'">40s+�+"+.� 1��4�80"+��2�"(/��&*�+#"C1:3��!>� 1% =��0"+��2�"(/��&*
�+#"C ����!>� 1% �3�'0Q*1��4�3��&(�"(/��&*�+#"C���7(.IM�7;'(8.�/{("��/;(A93�0s+�+"+.�I=�
'0Q*� �4 H1>,��/�>�3��&(�"(/��&*�+#"C����C93�I=�'�+(#%�>�<5*;<:4�8B (&4*85

- �8��"IM�1&!'">40s+�+"+.�'K+:��<5*H C (0"C#+9^+O�K��41&!'">40s+�+"+.�
- 'K+:�L>�L!��=*)(H C'�+('� 
- ��"H.�� 8';�"8*.������<5*

Ma H C Hanna (1999) D<�]�0T��&.��4�"(/��&*�+#"C H C*53����0s+�+"+.�9"�*#A'�#'1�"+Z6
'LM&* (�!. Beef tallow K%!>� 0"+��2*53�I* Beef tallow  1:3��!>� 0.06% w/w H C0"+��2         �"(
/��&*�+#"CL!"1:3��!>� 0.5%  w/w 'K):�I=�'�+(0s+�+"+.�(898:#-(

4.1.2 ����3 ���%�"��������	���
3����	��� (molar ratio)
0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&*�C'0Q*/01��0"+��2#&�K&*^A7(.IM�

H� ��{� A 3 7�  93�0s+�+"+.��&%/1"� 8';�/"(A 1 7�  'K):�I=�'�+(B /(� L)� '�#'1�"A�"(/��&*  
3 7�  H C� 8';�"8* 1 7�  #&(#>!*'M+47�  �<5*�&%1&!'">40s+�+"+.�98:IM� 'M>* I*�"28,��IM��"('0Q*
1&!'">40s+�+"+.�1��4IM�#&(#>!*'M+47� ��4*53��&*,&:!'= )�4H C%+!9�*�  '9>��&% 1:6 B /(���4     
'�#'1�"A/�>H1�1>�4�&* (S. Vilas Ghadge H CL2C (2005))
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S. Vilas Ghadge H CL2C (2005) K%!>� #&(#>!*'M+47� ��4*53��&*1>�  
'�9�*�  '9>��&% 1:6 '�+(��"'0 8:.*'0Q*'�#'1�"A(898:#-( H1>0"+��2�"(/��&*I**53��&*98:����<5*�3�
'0Q*1��4'K+:�#&(#>!*'M+47� ��4*53��&*1>�'�9�*� '0Q* 1:15 H CIM��"(;& Z6!"+�1&!'">40s+�+"+.�

4.1.3 
� �3�Th%�%%&	 (Catalyst)
1&!'">40s+�+"+.�9"�*#A'�#'1�"+Z6'LM&* 0"C��%(�!.

. 1&!'">40s+�+"+.�0"C'O9(>�4 'M>* 7;'(8.�/{("��/;(A 7;'(8.�'�9��/;(A 
7KH9#';8.�/{("��/;(A

. 1&!'">40s+�+"+.�0"C'O9�"( 'M>* �"(;& Z6!"+� �"(Z�#Z�"+� H C�"(/{7("L �"+�

. 1&!'">40s+�+"+.�0"C'O9'�N*/;�A 'M>* '�N*/;�A/ '0#
1&!'">40s+�+"+.�0"C'O9(>�4I*0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&* �C'�+('"N!�!>�       1&!

'">40s+�+"+.�0"C'O9�"(  H1>*53��&*�80"+��2�"(/��&*�+#"CH C0"+��2*53�98:#�41&!'">40s+�+"+.�
0"C'O9�"(�C'=��C#��!>� (Ma H C Hanna, 1999)

4.1.4 � �	���	��	Th%�%%&	 (Reaction time)
�&1"���"'0 8:.*H0 4�C'K+:��<5*�&%'! �93�0s+�+"+.� 'M>* 0s+�+"+.�9"�*#A

'�#'1�"+Z6'LM&*��4*53��&*'� N(,&:! +#4 '� N(R��. '� N((��9�*1C!&* H C'� N(,&:!'= )�47(.IM�
#&(#>!*'M+47� ��4*53��&*1>�'�9�*�  '9>��&% 1:6 7;'(8.�/{("��/;(A '0Q*1&!'">40s+�+"+.�I*
0"+��2 1% 93�0s+�+"+.�98:�-2=O��+ 60 oC K%!>� *53��&*,&:!'= )�4 H C*53��&*'� N((��9�*1C!&*/(� 
%Yield '9>��&% 80 = &4��� 1 *�98 H1>= &4��� 1 M&:!7�4 ��"'0 8:.*H0 4��4*53��&*9&54 4 M*+( 
'=�)�*�&*;<:4�8L>�  %Yield  '9>��&% 93 p 98  Galen  H CL2C (2003)

Galen  H CL2C (2003)  D<�]�0T��&.'! �93�0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&*  ���
Beef tallow (�!.'�9�*�  K%!>� 0s+�+"+.��C'�+(�<5*M�����I*M>!4*�98H"�'K):�98:�C'�+(��"B#�
H C C �.��4'�9�*� '���/0I* Beef tallow H1>= &4���*�98H"�B>�*/0,<4 5 *�98 0s+�+"+.��C
'�+('"N!���H C�C'#"N�%"+%�"2AO�.I* 15 *�98 I*M>!4��"'"+:�1�*��"'�+(0s+�+"+.��C�8                  
/(� 8';�/"(A H C7�7*� 8';�/"(A�.�>#�4 H C�CL>�. ( 4'�):�'! �B>�*/0*�*�<5* �*#+5*#-(
�"C%!*��"�C�80"+��2��47�7*� 8';�/"(A�.�>'0Q*0"+��298:#�4�!>�/(� 8';�/"(A

4.1.5 �`Y�b#�%�	��%�Th%�%%&	 (Reaction temperature)
0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&*IM��-2=O��+I*��"'�+(0s+�+"+.�H1�1>�4�&*�<5*�.�>

�&%M*+(*53��&*98:IM�I*��"'�+(0s+�+"+.� 'M>* '�9�7*/ ;+#��4*53��&* C=->4 �&% Methyl ricinoleate
�-2=O��+��"'�+(0s+�+"+.�'=��C#�98: 20 p 35 oC  #&(#>!*'M+47� ��4*53��&* C=->41>�'�9�*� '9>�
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�&% 1:6  p  1:12 (�!.1&!'">40s+�+"+.�7;'(8.�/{("��/;(A0"+��2  0.005 p 0.35% 7(.*53�=*&�*53��&* 
(Ma H C Hanna, 1999)

Ma H C Hanna (1999) D<�]�0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&*��4*53��&*,&:!'= )�4
%"+#-9^+_�&%'�9�*�  I*#&(#>!*'M+47� *53��&*,&:!'= )�41>�'�9�*�  '9>��&% 1:6 7(.IM�       
7;'(8.�/{("��/;(A '0Q*1&!'">40s+�+"+.�I*0"+��2 1% 98:�-2=O��+I*��"93�0s+�+"+.�H1�1>�4�&* 
�-2=O��+ L)� 32, 45 H C 60 oC/(�  %Yield '9>��&% 64, 87  H C 94 1�� 3�(&%

!+^898:IM�(>�4'0Q*1&!'">40s+�+"+.�*85'=��C#3�="&%#�"1&541�*98:�8 �"(/��&* (Free fatty acid) /�>
#�4 'K"�C0TU=�98:'�+(�<5*�NL)� ,��#�"1&541�*�8 �"(/��&* (Free fatty acid) #�4 �C93�0s+�+"+.��&% 
7;(�/Z '�+(#%�> 93�I=�'�+(0TU=�I*'"):�4 �+�& M&* ;<:4����C/�>'�+('0Q*'�9+ '�#'1�"A�N/(�

'*):�4���#�"1&541�*98:IM�I*4�*!+�&.*85 '0Q**53��&*98:�8 �"(/��&*#�4 (High Free fatty acid, 
HFFA oil) (&4*&5*!+^8��"'(+�98:�8��"IM� 7;(�/Z'0Q*1&!'">40s+�+"+.�*&5*�C93�I=��"(98:�8L>�#�4         
93�0s+�+"+.��&% 7;(�/Z'�+('0Q*#%�> (soap) ���'�+*/0

�8!+^8��"#3�="&% HFFA oil 98:�CIM�93�'0Q*!&1,-(+%98:*>�#*I��.�> 3 !+^8L)�
1. ��" (�"( (Oil Deacidification) 93�/(�7(.*3� HFFA oil ��93�0s+�+"+.��&%7;(�/Z 'K):�

I=� 7;(�/Z/093�0s+�+"+.��&%�"( '�+('0Q*#%�>H C�C'0Q*��" (0"+��2�"(I* HFFA oil 
I=�1:3� 4  ���*&5**3� HFFA oil 98:/(� (�"(H �!*3���93�0s+�+"+.��&%'�9�*�  7(.IM� 
7;(�/Z'0Q*1&!'">40s+�+"+.�/(�7(.IM�#&(#>!*��4 oil:methanol '9>��&% 6:1 H C93�1���&5*
1�*��4!+^8'(+��N�C/(�'�9+ '�#'1�"A'0Q*B +1O&2�A  H1>!+^8*85/�>/(�,��' )����IM�I*4�*!+�&.
*85 '*):�4����80TU=�I*'"):�4��4#%�>98:'�+(�<5*I*�&5*1�*��" (�"( ;<:4�C�8L!��.->4.��I*
��"H.�#%�>������*53��&*

2. IM�� 8';�"� 93�0s+�+"+.��&% HFFA oil 7(.IM�7;(�/Z '0Q*1&!'">40s+�+"+.� ;<:4�"(I* 
HFFA oil 93�0s+�+"+.��&%� 8';�"� '�+('0Q* 7�7*� 8';�/"(A �"(�N�C ( 4  ���*&5**3� 
*53��&*98:/(� (�"(H �!��93�0s+�+"+.��&%'�9�*� 7(.IM�7;(�/Z'0Q*1&!'">40s+�+"+.�7(.
93�1���&5*1�*��4!+^8'(+� H1>!+^8*85�N/�>*3���IM�I*4�*!+�&.*85'M>*�&* '*):�4���� 8';�"� 
'0Q*#�"98:�8"�L�HK4�<4/�>L-��L>�I*9�4'D"]SD�#1"A'�):�*3���IM�I*�-1#�=�""��"+4J 
*����� 7�7*� 8';�/"(A 98:'�+(�<5*I*0s+�+"+.�H"� ����C/0"%�!*��"93�0s+�+"+.� 
transesterification  /(�

3. !+^8IM��"( H2SO4 '0Q*1&!'">40s+�+"+.�H9* 7;(�/Z '0Q*!+^8/(�,��' )����IM�I*7L"44�**85
7(.*3� HFFA oil 93�0s+�+"+.��&%'�9�*� 7(.IM��"( H2SO4 '0Q*1&!'">40s+�+"+.� /(�    '�
9+ '�#'1�"A'0Q*B +1O&2�A= &� 7(.93�0s+�+"+.�'0Q*'! � 3 M&:!7�4 I*�-2=O��+L498:        98:  
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95 oC H CIM�#&(#>!*��4'�9�*� 1>�*53��&*98:'=��C#� H CIM��"(98:'=��C#�(�!.  '*):�4
���!+^8*85'0Q*H*!9�4I*��"IM� /�*53��&*'#8.'0Q*#�"1&541�*/(�1��'0��=��.��44�*!+�&.

4.2 �	��� �����	������& �T[��	
���
�����	��	Th%�%%&	 transesterification  "�&������T[�
� �3�
Th%�%%&	

'*):�4���#�"1&541�*98:IM�I*4�*!+�&.*85'0Q**53��&*98:�8 Free Fatty Acid #�4 (High  Free
Fatty Acid, HFFA oil) (�!.'=1-B *85�<4�3�'0Q*1��4IM�'�9�*� '�+*K�'0Q*�3�*!*��� H CIM��"(
'0Q*1&!'">40s+�+"+.� I*��"93�0�+�+"+.�'�#'1�"+Z6'LM&* 'K):�I=�/(�B /(���4'�9+ '�#'1�"A#�4H C
0s+�+"+.�'�9+ ' M&*7(.IM��"('0Q*1&!'">40s+�+"+.��CIM�K &44�*#�4 '*):�4����C1��493�0s+�+"+.�98:
�-2=O��+#�4 (&4*&5*���#>4B �"C9%9�4(��*'D"]S�+�I*�"C%!*��"B +1/%7�(8'; 
5. �U� ��	$�%
���%�����
�!U���"��	���	3��

5.1 �U� ��	$�%
���%�����
�!�� &Th%�%%&	�	��!����
�%jk�(���
M�L"+1 H CL2C(2544) 93���"B +1'�9+ '�#'1�"A���B +1B 0� A�*53��&*/(�H�> *53��&*9�(IM�
H �! *53��&*0� A�(+%'�"(%8 (=8%#�&(H%%"!�*53��&*'0 )�� H C*53��&*'� N(I*) 98:B>�*�"C%!*
��"H.�.�4'=*8.! H C (�"( *53��&*0� A�"8/Z*A /�0� A�#'18."+* 9&54M*+(0�1+ (Iodine value 
38) H CM*+( Super hard (Iodine value 26) �"C%!*��"B +1'�9+ '�#'1�"A H#(4(&4O�K
0"C��%98:  6

����
���	$�%
��������
5.1.1   �	�
�&����	����3����	Th%�%%&	

!&1,-(+%98:IM�I*��"B +1�C,��'1"8.�I=�'=��C#��>�*'���93�0s+�+"+.� 7(.=��'0Q*
*53��&*0� A�(+%�3�'0Q*1��4B>�*�"C%!*��"H.�.�4'=*8.! H C (�"(I=��80"+��2�"(/��&*
�+#"C1:3��!>�"��. C 1 7(.*53�=*&� #>!*!&1,-(+%���*53��&*98:IM�9�(H �!�C,��*3�����&(70"18*���
7(.��"93�0s+�+"+.��&%�"(/*1"+� H C ��4(�!.*53� !&1,-(+%98:�80"+��2�"(/��&*�+#"C1:3��!>� 1%
H �! �C,��*3�/0��&(*53����7(.��"I=�L!��"��*98:�-2=O��+ 120 oC 0"C��2 20 *�98 7(.�8��"
�!*'K):�I=���""C'=.��4*53�'0Q*/0/(�9&:!,<4.+:4�<5* #3�="&%/�0� A�#'18."+*M*+( Superhard ;<:4
B +198:7L"4��"#>4'#"+��-1#�=�""�*53��&*0� A��*�(' N� /(�,����&(*53����98:�-2=O��+ 80 oC O�.
I1�#O�!C#-UU���D 600 p 700 �+  +'�1"0"�9
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O�K0"C��%98: 6 �"C%!*��"B +1'�9+ '�#'1�"A(�!.0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&*
98:�� : M�L"+1 H CL2C (2544)

5.1.2    �	�
�&��	�U�	&�����m��!
0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&* 7(.IM�'�9+ H� ��{� A=")�'"8.��8�M):�=*<:4

!>� '�9�*�  '���93�0s+�+"+.��&%7;'(8.�/{("��/;(A;<:4'0Q*1&!'">40s+�+"+.� '�9�*� H C7;'(8.�
/{("��/;(A,��' )��IM�'K"�C�8"�L�,�� 7(.'�9�*� 1��4/�>�8*53�'�)�0*'�+*�!>� 1% ��"'1"8.�
#�" C �.�"C93�7(.��"*3�7;'(8.�/{("��/;(A 2.5 - 5 #>!*  C �.I*'�9�*�  100 #>!*7(.
*53�=*&� 0"+��27;'(8.�/{("��/;(A98:IM�'1"8.�'0Q*/01��0"+��2�"(/��&*�+#"C98:�8�.�>I*!&1,-
(+% =���"(/��&*�+#"C�80"+��2#�4�N1��4IM�7;(�/ZI*#&(#>!*98:#�4

5.1.3 �	��	Th%�%%&	
*53��&*98:,����&(*53�H �!,��93�I=�'.N* 4�*�8�-2=O��+0"C��2 80oC ���*&5*�<4'1+�

#�" C �.H� ��{� A 4/0�.>�4M��J ('1+�I=�=�(O�.I* 10 *�98) #&(#>!**53��&*1>�#�" C �.
H� ��{� A7(.*53�=*&�'9>��&% 5 1>� 1 93���"�!*'K):�I=�'�+(0s+�+"+.��.>�49&:!,<4'0Q*'! �0"C��2 
15 *�98 (�!.�&1"���"�!*0�*� �4 (500 "�%/*�98) �-2=O��+I*M>!4*85 ( 4'= )�0"C��2 65 oC 
��"'�+(0s+�+"+.��C'�+(�<5*�.>�4"!('"N! /(�'�9+ '�#'1�"AH C� 8';�"8*H1> 0s+�+"+.�*85B&*� &%/(� (&4
*&5*�<4�3�'0Q*1��4=.-(�!*'K):�H.�B B +11&!I(1&!=*<:4��� '�):�=.-(�!*� 8';�"8*;<:4�8L!��=*�
H*>*#�4�!>� (0"C��2 1.26 �"&�/�+  + +1") �CH.�M&5*������M&5*'�9+ '�#'1�"A 7(.H.�1&!1� 4
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��98:��*,&4 (&4*&5*I*M&5*'�9+ '�#'1�"A�C'= )�� 8';�"8*�.�>*��. 0s+�+"+.���"'�+(              '�9+ '�#
'1�"A�C#���",(3�'*+*1>�/0�.>�4M�� J  '�):�9+54I=�'�+(0s+�+"+.�'0Q*'! � 3 - 4 M&:!7�4 *53��&*�N�C93�
0s+�+"+.�/0����!>� 95%

5.1.4    �	�&���������
       � 8';�"8*�C,��,>�.���I#>O�M*C7(.��",>�.���9�4(��* >�4��4,&4

0s+�"2AI*�2C98:.&4"��*�.�>'K"�C=��9+54/!�I=�'.N* M&5*� 8';�"8*�C� �.'0Q*��4H�N4
5.1.5 �	��	��%��T��Tno�����

'�9+ '�#'1�"A98:/(�.&40*'0[\�*(�!.#�"�):* J 'M>* #%�>98:'�+(�����"93�0s+�+"+.�
"C=!>�47;'(8.�/{("��/;(AH C�"(/��&*�+#"C=")�*53��&* � 8';�"8*98: C �.�.�>I*M&5*        '�
9+ '�#'1�"A 7;'(8.�/{("��/;(A '�9�*� 98:'= )������"93�0s+�+"+.�H C*53��&*98:93�0s+�+"+.�/�>
=�( (&4*&5*�<41��493���"��&(���(�!.��" ��4(�!.*53��->*= �. J L"&54 0"+��2*53�98:IM�H1> CL"&54 
0"C��2 1 1>� 4 ��40"+��2'�9+ '�#'1�"A '�):�'1+�*53�'K8.4K�H �!"�I=�*53�H.�M&5*���'�#'1�"A
'0Q*'! �K�#�L!" (0"C��2 5 - 10 *�98) �N,>�.*53����(��* >�4 '1+�*53��->*I=�> ��" ��4�C�"C93� 
4 - 5 L"&54 H C'K+:���"�!*I*��" ��4L"&54= &4 J

5.1.6 �	�)�����	���(����`���	&
         '�):� ��4#+:40*'0[\�*���=�(H �! �&5*1�*#-(9��. L)� ��"��&(*53�98:= 4

'= )�I*M&5*'�9+ '�#'1�"A ;<:4�"C93�7(.��"I=�L!��"��*�*,<4�-2=O��+ 120 oC '0Q*'! ��.>�4*��. 
20 *�98 '�):�9+54/!�I=�'.N*�N#���",*3�/0'�N%'K):�IM�4�*1>�/0

'�9+ '�#'1�"A98:B +1/(����B +1B 0� A�*53��&*1>�4 J  'M>* *53��&*9�(IM�H �! *53��&*0� A�
(+% ('�"(%8) *53��&*0� A�"8/Z*A /�0� A�#'18."+* H C Superhard stearin (�!. �"C%!*��"   
9"�*#A'�#'1�"+Z6'LM&* 7(.IM�'�9+ H� ��{� A'0Q*#�"'���93�0s+�+"+.�H CIM�7;(�/Z'0Q*1&!'">4
0s+�+"+.� (�!.�""�!+^8��"B +1 6 �&5*1�* L)� ��"'1"8.�*53��&* ��"'1"8.�#�" C �. ��"93�
0s+�+"+.� ��"H.�� 8';�"8* ��" ��4 H C��"��&(*53� K%!>� '�9+ '�#'1�"AB +1/(��8L!��%"+#-9^+_
'�)�% 100%  '�):�9(#�%(�!.'9L*+L Thin Layer Chromatograph (TLC) #O�!C��"B +198:'=��C
#� IM�#&(#>!*'M+47� ��4*53��&*0� A�1>�'�9+ H� ��{� A L)� 1:6 =")� '�9+ H� ��{� A0"C��2 
20 % 7(.*53�=*&� H C7;'(8.�/{("��/;(A 0.5 - 1% 7(.*53�=*&���4*53��&*0� A��-2=O��+��"93�
0s+�+"+.� 60 - 80 oC  7(.�8��"�!*0"C��2 15 - 30 *�98 H C0 >�.I=�'�+(0s+�+"+.�1>�*�* 3 - 4 
M&:!7�4 '�9+ '�#'1�"A98:/(��8#�%&1+= �.0"C��"I� �'L8.4�&%*53��&*(8'; =�-*'"N! 'M>* L!��=*�
H*>* L!��=*)( L>�L!��"��* H CM>!4�-2=O��+��"� &:* �-(/= '9#�4�!>�*53��&*(8';  '*):�4����8
#&(#>!*��4'�9+ '�#'1�"A98:�+:�1&!;<:4�8�-(= ��'= !I*0"+��298:#�4 (M�L"+1 H CL2C 2544)
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5.2 �U� ��	$�%
���%�����
�!
"�.4�*��4 Kreutzer (1984) � >�!!>� '�9+ '�#'1�"A�"(/��&*/(������0s+�+"+.� 

esterification ��4�"(/��&* =")� transesterification ��4/1"� 8';�/"(A7(.IM�'�9�*� 
Esterification process 7(.9&:!/0�CIM��.�> 2 !+^8 L)� batch process H C continuous process

7(. batch process �C93�O�.I1�L!��(&*98:�-2=O��+#�4 200 - 250 oC '�):�0s+�+"+.�,<4#�(- �C(<4*53�
���'K):�I=�/(�B /(���4'�#'1�"A#�4 J  #>!*�"C%!*��"98:*+.�IM�L)� continuous esterificationI* 
countercurrent reaction column 7(. Henkel /(�K&P*�'9L7*7 .8*85�<5*��;<:4�8= &���"L)� 0s+�+"+.� 
esterification�C'�+(�<5*�&%��"(�(;&%/���4'�9�*�  (superheated methanol vapor) ��"/�>(�(;&%
��4*53� (O�K0"C��%98: 7) H CI=�L!��"��*H�>�"(/��&*�>�*�81&!'">40s+�+"+.� H C�>�*��"0��*
'���/0I*=�� &:*M*+( double bubble plate 9�4(��*%*��4=�� &:* 7(.�C/= #!*9�4�&*�&%'�
9�*� 98:0��*�����*=�� &:* 0s+�+"+.�*85�CIM�L!��(&*0"C��2 10 %�"A (bar) H C �-2=O��+ 240 oC 
���(8��4�"C%!*��"*85 L)� #���",0"C=.&('�9�*� 7(.IM�'�9�*� 98:���'�+*K�98:�&1"�#>!*
7� �"A'0Q* 1.5:1 ��4'�9�*� 1>��"(/��&* 7(.'98.%�&%H%% batch process ;<:41��4IM��&1"�#>!*
7� �"AI*M>!4 3 - 4:1 7(.'�9+ '�#'1�"A98:/(������"� &:**85/�>1��4*3�/0� &:*;53� H C    '�9�*� 98:
IM�.&4#���",*3�� &%��IM�/(��8� '�9�*� 98:���'�+*K��C���9�4(��*%*��4=�� &:*K"����&%
*53�98:'�+(�<5*���0s+�+"+.� ('�9�*� :*53� '9>��&% 50:50% *53�=*&�) '�9+ '�#'1�"A�C�����9�4��*
=� H C#>4/0 flash vessel 'K):�(<4'�9�*� ��� H �!�<4'���#�>=*>!.� &:* '*):�4���         '�9+ '�#
'1�"A98:/(���� flash vessel �8L>�L!��'0Q*�"(1:3�,<4 0.5 �<4/�>�3�'0Q*1��4� &:*;53� (refining) '�9+ '�#
'1�"A�C,��H.�������1&!'">40s+�+"+.�7(.1&!'">40s+�+"+.��C'0Q*#>!*'= )�98:��*=� (residue) O�.I1�
#-UU���D #>!*'�9�*� �C,��93�I=�%"+#-9^+_H C*3�� &%��IM��8�

Transesterification process 9"�*#A'�#'1�"+Z6'LM&*��4/��&*H C*53��&* '0Q*�"C%!*��"
98:*+.�IM����98:#-(I*��"B +1'�9+ '�#'1�"A /1"� 8';�/"(A�C� �.'0Q*'�#'1�"A98:L!��(&*
%"".���D H C�-2=O��+0"C��2 50 - 70 oC 7(.93�0s+�+"+.��&%'�9�*� 98:���'�+*K� I*      1&!
'">40s+�+"+.�M*+( alkaline O�.I1�'4):�*/�*851��4�8��"(<4�"(/��&*�+#"C (free fatty acids)      ���
���*53��&*�>�* #>!* 9"�*#A'�#'1�"+Z6'LM&* O�.I1�L!��(&**85#���",0��**53��&*/(�' .7(./�>
1��4�8��"(<4�"(/��&*�+#"C������*53��&*�>�*
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VACUUM

Methyl ester

Fatty acid

Residue

Catalyst

Flash

Methyl ester

Methanol

Fatty

acid

Methanol

Aqueous

methanol

O�K0"C��%98: 7 Manufacture of fatty acid methyl esters by esterification

5.3 �U� ��	$�%
���	� %)�&
��"!+�&.K)5*S�*��4�"C%!*��"B +1'�9+ '�#'1�"A��� PFAD (Palm Fatty Acid 

Distillation) /(�(3�'*+*��"H �!I*"�0��47L"44�**&�D<�]���4*&�D<�]�O�L!+M�!+D!�""�'L�8 ;<:4
'#"N�#+5*I*'()�*�&*.�.* 2545 (L�>�&*9"A H CH#4H�, 2545) 7(.9&:!/0��"93�0s+�+"+.�9"�*#A'�#
'1�"+Z6'LM&*��4*53��&*K)M'0Q*'�9+ '�#'1�"A7(.��"93�0s+�+"+.��&%'�9�*� �CIM�1&!'">40s+�+"+.� 
alkaline (7;'(8.�/{("��/;(A =")�7KH9#';8.�/{("��/;(A) ;<:4'�+(0s+�+"+.�'"N!H C%"+%�"2A 
7(.IM�#&(#>!*'�9�*� '�+*K�0"C��2 100% H C1&!'">40s+�+"+.� 0.3 - 1% 7(.*53�=*&���4*53�
�&*K)M 93�0s+�+"+.�98:�-2=O��+0"C��2�-('()�(=")�1:3��!>��-('()�(��4H� ��{� A' N�*��. L)� 
0"C��2 70 - 75 oC ;<:4IM�'! �93�0s+�+"+.�9&54=�(0"C��2 3 M&:!7�4 H C/(�B B +1K �./(� L)� 
� 8';�"8* H1>'�):�#�"1&541�*'0Q* PFAD (Palm Fatty Acid Distillation) �C/�>#���",IM�1&!'">4
0s+�+"+.� alkaline /(� 'K"�C1&!'">40s+�+"+.��C93�0s+�+"+.��&%#�"1&541�* PFAD (Palm Fatty Acid 
Distillated) '0Q*#%�>�>�* H C/�>'�+(0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&* (&4*&5*�<41��4IM�1&!'">40s+�+"+.�
M*+(�"( 'M>* �"( ;& Z6!"+�H9* ��"IM�1&!'">40s+�+"+.��"(*85�CIM�'! �I*��"'�+(0s+�+"+.�I=�
%"+%�"2A*�*�!>� H C1��4IM�0"+��2'�9�*� #�4�!>� 1 �(�*�-2=O��+I*��"'�+(0s+�+"+.��C1��4
#�4�!>��-('()�(��4H� ��{� A ;<:4/(�IM��-2=O��+ 98 oC I*��"9( �4"C%%06(��4�!( screw-
capped ;<:4B ��"D<�]�K%!>� '�):�IM�'! ���"'�+(0s+�+"+.� 12 M&:!7�4 �CI=�B B +198:�8               '�
9+ '�#'1�"A#�4�!>� 98%  7(.IM�#&(#>!*��4*53�=*&���4 PFAD (Palm Fatty Acid Distillated) 1>�
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'�9�*� '0Q* 60:40 IM�1&!'">40s+�+"+.��"(;& Z6!"+� 1% 7(.*53�=*&���4 PFAD (Palm Fatty Acid 
Distillation)7(./(�B /(�  (yield) 0"C��2 100%

��"'�+(0s+�+"+.���4 PFAD (Palm Fatty Acid Distillated)  �&%'�9�*� '0Q*(&4*85

                                                              Acid

OHRRCOOOHRRCOOH 2+′⇔′+

                                                     Catalyst

                                  Fatty Acid          Alcohol             Ester           Water

R H9*7;>/{7("L�"A%�*1>�4 J
���#���"�C'=N*!>�� ->���4'�9+  (CH3) �C'���/0H9*98:/{7("'�* ;<:4�C93�I=�'�9+ '�#'1�"A�8*53�
=*&�#�4�!>��"(/��&* (&4*&5*=��0s+�+"+.�'�+(%"+%�"2A 100% L!"�C/(�'�9+ '�#'1�"A=*&��!>�*53�
=*&��"(/��&*'"+:�1�* H CB B +1�8�1&! L)� *53�
5.4 �	$�%
��"������  (biodiesel) )	����	���T	�!��%�  (crude palm oil)  ��U�	TU��%�$��	
�����&� butanol ��U ����
%��������%�
       Crabbe et al. (2001) /(�93���"D<�]� 1&!H0"#3�L&U 3 1&!98:�8�+9^+K 1>�B /(���4��"B +1  '�
9+ '�#'1�"A (methtyl ester) ���*53��&*0� A�(+%(�!.�"C%!*��";<:4IM��"('0Q*1&!'">40s+�+"+.� 
(acid-catalyzed) (&4*85 L)� #&(#>!*'M+47�  (molar ratio) ��4'�9�*� 1>�*53��&* 0"+��2��41&!'">4
0s+�+"+.�H C�-2=O��+��40s+�+"+.� *�����*85/%7�(8'; 98:B +1/(� .&4,��IM�'0Q*1&!#�&(H.�I*
�"C%!*��"=�&� acetone-butanol-methanol H%%H%9MA H CH%%  continuous 7(.#�%&1+'M)5�'K +4
��4/%7�(8';  H CB B +1#�"B#�/%7�(8';  p ABE (acetone-butanol-methanol) ����"C%!*
��"=�&� H%%H%9MA �C*3���!+'L"�C=A  ;<:41&!H0"��"B +1'�9+ '�#'1�"A98:'=��C#�98:#-(  L)� 40:1 
methanol/oil (mol/mol), 5% H2SO4  (vol/wt) 7(.93�0s+�+"+.�98: 95 

oC '0Q*'! � 9 M&:!7�4 ;<:4I=�B 
/(���4'�9+ '�#'1�"A���98:#-( 97%  /%7�(8'; �C#�&(%+!9�*� /(�(8�!>� H CM>!.'K+:�B B +1I*
��"'K�C' 85.4H%%�C  (batch culture)  ��� 10 '0Q* 12 g/l   L-2#�%&1+9�4'M)5�'K +4��4   /%7�(8';  
H C#�"B#�/%7�(8'; -ABE /(�,��*3�/0'0"8.%'98.%�&%*53��&*(8';  No.2 ;<:4K%!>��8L>�;8'9* 
(cetane) H C�-('()�(98:#>!*� &:* 90% #�4�!>�*53��&*(8';  No.2 (&4*&5*�<4#���",IM�H9**53��&*
(8';   No.2 /(��.>�4�80"C#+9^+O�K  ��"B#�/%7�(8'; - ABE �C�8L>�;8'9*#�498:#-(
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   Mohamad et al. (2002) 93���"9( �4IM�*53��&*98:IM�H �!���*53��&*0� A� ��B +1            
/%7�(8';  7(.0s+�+"+.�9"�*#A'�#'1�"+Z6'LM&* 93�0s+�+"+.�98:�-2=O��+ 90 oC 93�0s+�+"+.��&%          
'�9�*�  (commercial 96%) 7(.IM��"(;& Z6!"+�H C�"(/{7("L �"+�'0Q*1&!'">40s+�+"+.�          
98:L!��'�����* 0.5, 1.0, 1.5, H C 2.25 M "C(&%H� ��{� A98:���'�+*K� 3 "C(&% L)� 25%, 50%, 
H C 100% 1�� 3�(&% '�):�93���"9( �498:"C(&%H� ��{� A98:���'�+*K�L498: 100% IM�             
�"(;& Z6!"+� H C�"(/{7("L �"+�'0Q*1&!'">40s+�+"+.�98:L!��'�����*�"(L498:98: 2.25 M 'K):�
'0"8.%'98.%!>�1&!'">40s+�+"+.�"C=!>�4   �"(;& Z6!"+� H C�"(/{7("L �"+� 1&!'">40s+�+"+.�I(I=�
B /(�  (yield) 98:(898:#-( K%!>�  98:L!��'�����*��41&!'">40s+�+"+.�#�4 (1.5 - 2.25 M) �C/(�/%7�(8'; 
98:�8L>�L!��,>!4�3�'K�C1:3� IM�'! �I*��"93�0s+�+"+.�#&5*�!>�98:L!��'�����*1&!'">40s+�+"+.�1:3�  H1>98:
L!��'�����*L498:98: 2.25 M 1&!'">40s+�+"+.��"(;& Z6!"+� (8�!>��"(/{7("L �"+�L)��8L>�L!��,>!4
�3�'K�C1:3�  *�����*85"C(&%H� ��{� A98:���'�+*K� 100%  IM�'! �I*��"93�0s+�+"+.�#&5*H C�8L>�
L!��,>!4�3�'K�C1:3�  (8�!>�98:"C(&%H� ��{� A98:���'�+*K�*��.�!>�  �"C%!*��"98:(898:#-(L)� 1&!
'">40s+�+"+.��"(;& Z6!"+�98:L!��'�����* 2.25 M H C"C(&%H� ��{� A98:���'�+*K� 100%  
#���", (L!��,>!4�3�'K�C��� 0.916  �*�8L>�#-(9��.98: 0.837  H C'! �I*��"93�0s+�+"+.�            
3 M&:!7�4  H C/%7�(8'; 98:/(��8 &�]2C��"/= H%%*+!79'*8.* (Newtonian fluid)
6.  �	
p	�(`Yb	���U�	 %�(	U�!(`Yb	�������	�����"������

����3�=*(��1"S�*9�4L-2O�K��4/%7�(8';   ,���3�=*(7(.#,�%&*9�4��1"S�*
!+9.�M&5**3���47 �  1&!�.>�4'M>* 0T��-%&*0"C'9D'.�"�*8/(��3�=*(��1"S�* DIN V 51606 I*
1�"�498: 12 �&�IM����4�+4,<4/%7�(8'; 0"C'O9'�9+ '�#'1�"A��4*53��&* rapeseed I*0"C'9D
'.�"�&* H C.&4,��*3���'98.%'L8.4�&%��1"S�*/%7�(8'; I*� ->�#=O�K.-7"0 7(.'$K�CI*
0"C'9D��#'1"8. �+1� 8 0"C'9D#="&S�'�"+��IM���1"S�* ASTM D 6751 ;<:4"C%-"�. C'�8.(
��%'�19�4L-2O�K��4/%7�(8';  98:L!��=*�H*>* 2 �-2=O��+ 15 oC  =")�98:L!��,>!4�3�'K�C  
2 �-2=O��+ 60 oC L!��=*)(� *D�#1"A (kinematic viscosity) 2 �-2=O��+ 40 oC �-(!�%/Z '0Q*1�* 
"!�,<4L-2#�%&1+�):*J'M>* #>!*0"C��%9�4'L�8�+*9"8.A *�����*85.&4IM�'0Q*��1"S�*���4�+4I*
��"D<�]�H CB +1/%7�(8'; ���*53��&*I*� ->�0"C'9D'�'M8.1C!&*���'$8.4I1� H CI*'��#�""�.
4�*'9L7*7 .898:IM�I*��"B +1/%7�(8';  '()�*#+4=�L� 2002 -  ��"�L� 2004 7(. National 
Renewable Energy Laboratory 0"C'9DHL*�(� /(�H#(4L-2#�%&1+��4*53��&*/%7�(8'; 7(.
H#(4I*��1"S�* ASTM D 6751 I*1�"�498: 13


		���� 12  "�. C'�8.(����3�=*(9�4L-2O�K/%7�(8'; 1����1"S�* DIN V51606
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		���� 13 "�. C'�8.(����3�=*(9�4L-2O�K/%7�(8'; 1����1"S�* ASTM D6751

*�������1"��"9�4(��*L-2O�K��41>�40"C'9DH �!*&5* #3�="&%0"C'9D/9.7(.
0"C��D��4�"�^-"�+�K &44�* /(��3�=*( &�]2CH CL-2O�K��4/%7�(8';  0"C'O9           '�
9+ '�#'1�"A��4�"(/��&* 2 !&*98: 11 �"���L� 2548 7(."�. C'�8.((��*L-2O�KH#(4/!�I*1�
"�498: 14 (&4*85

Property method limits units
Flash point, closed cup D  93 130  min ° C
Water and sediment D  2709 0.050max %volume

Kinematics viscosity, 40° C D  445 1.9 - 0.6 mm2/s
Sulfated ash D  874 0.020 max wt.%
Total Sulfur D  5453 0.05max wt.%

Copper strip corrosion D  130 No.3max
Cetane number D  613 47 min
Cloud point D  2500 Report to

customer
° C

Carbon residue D  4530 0.050 max. wt.%
Acid number D  664 0.8 max Mg KOH/g
Free glycerin D  6584 0.020 wt.%
Total glycerin D  6584 0.240 wt.%
Phosphorus D  4951 0.0010 wt.%

wt.% vacuum distillation end
point

D  1160 360 ° C max,at
90% distilled

° C

Storage stability To be determined To be determined To be determined
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		���� 14  ����3�=*( &�]2CH CL-2O�K��4/%7�(8'; 0"C'O9'�9+ '�#'1�"A��4
�"(/��&*K.D. 2548

	&�	 �����	��� ��
	�#�
��	  %'������ 1/

1 '�9+ '�#'1�"A "��. C7(.*53�=*&�
(Methyl Ester, %  Wt.)

/�>1:3��!>� 96.5 EN  14103

2 L!��=*�H*>* 2 �-2=O��+ 15 oC  �+7 �"&�/
 ��%�D�A'�1"(Density  at  15 oC, kg/m3)

/�>1:3��!>�
H C
/�>#�4�!>�

860
900

ASTM D1298

3 L!��=*)( 2 �-2=O��+ 40 oC ';*(+#71�#A
(Viscosity  at  40 °C, cSt)

/�>1:3��!>�
H C
/�>#�4�!>�

3.5
5.0

ASTM D445

4 �-(!�%/Z�4D�'; ';8.#
(Flash  Point, oC)

/�>1:3��!>� 120 ASTM D93

5 �3��C,&* "��. C7(.*53�=*&�
(Sulphur, %WL)

/�>#�4�!>� 0.0010 ASTM D2622

6 ���,>�* "��. C7(.*53�=*&�
("��. C 10 ��4���98:'= )������"� &:*)
(Carbon Residue, on 10% distillation residue,
%Wt.)

/�>#�4�!>� 0.30 ASTM D4530

7 �3�*!*;8'9*
(Cetane  Number)

/�>1:3��!>� 51 ASTM D613

8 ',��;& 'Z1 "��. C7(.*53�=*&�
(Sulfated Ash, %Wt)

/�>#�4�!>� 0.02 ASTM D874

9 *53� "��. C7(.*53�=*&�
(Water, %Wt)

/�>#�4�!>� 0.050 ASTM D2709

=��.'=1-    1/    !+^89(#�%���IM�!+^8�):*98:'98.%'9>��N/(�  H1>I*�"2898:�8���71�H.�4I=�IM�!+^898:�3�=*(
I*"�. C'�8.(H*%9��.*85
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		���� 14  ����3�=*( &�]2CH CL-2O�K��4/%7�(8'; 0"C'O9'�9+ '�#'1�"A��4
                     �"(/��&*K.D. 2548 (1>�)

	&�	 �����	��� ��
	�#�
��	  %'������ 1/

10 #+:40*'0[\�*9&54=�( "��. C7(.*53�=*&�
(Total  Contaminate, %Wt)

/�>#�4�!>� 0.0024 ASTM D5452

11 ��"�&(�">�*HB>*9�4H(4
(Copper  Strip  Corrosion)

/�>#�4�!>� =��.' �
1

ASTM D130

12 '#,8."O�K1>���"'�+(0s+�+"+.����;+'(M&* 2
�-2=O��+ 110 oC   M&:!7�4 (Oxidation  Stability
at 110 oC, hours)

6 EN 14112

13 L>�L!��'0Q*�"(  �+  +�"&�70H1#';8.�/{
("��/;(A/�"&�  (Acid Value, mg KOH/g)

0.50 ASTM D 664

14 L>�/�7�(8*  �"&�/�7�(8*/100 �"&�
(Iodine  Value,  g  Iodine/100 g)

/�>#�4�!>� 120 EN 14111

15 �"( +7*' *+�'�9+ '�#'1�"A"��. C7(.*53�
=*&� (Linolenic  Acid  Methyl  Ester, %Wt)

/�>#�4�!>� 12.0 EN 14103

16 '�9�*�  "��. C7(.*53�=*&�
(Methanol, %Wt)

/�>#�4�!>� 0.20 EN 14110

17 7�7*� 8';�/"(A "��. C7(.*53�=*&�
(Monoglyceride, %Wt)

/�>#�4�!>� 0.80 EN 14105

18 /(� 8';�/"(A "��. C7(.*53�=*&�
(Diglyceride, %Wt)

/�>#�4�!>� 0.20 EN 14105

19 /1"� 8';�/"(A "��. C7(.*53�=*&�
(Triglyceride, %Wt)

/�>#�4�!>� 0.20 EN 14105

=��.'=1-    1/    !+^89(#�%���IM�!+^8�):*98:'98.%'9>��N/(�  H1>I*�"2898:�8���71�H.�4I=�IM�!+^898:�3�=*(
I*"�. C'�8.(H*%9��.*85


		���� 14  ����3�=*( &�]2CH CL-2O�K��4/%7�(8'; 0"C'O9'�9+ '�#'1�"A��4
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                     �"(/��&*K.D. 2548 (1>�)

	&�	 �����	��� ��
	�#�
��	  %'������ 1/

20 � 8';�"8*�+#"C "��. C7(.*53�=*&�
(Free  glycerin, %Wt)

/�>#�4�!>� 0.02 EN 14105

21 � 8';�"8*9&54=�("��. C7(.*53�=*&�
(Total  glycerin, %Wt)

/�>#�4�!>� 0.25 EN 14105

22 7 =C� ->�1 (7;'(8.� H C70H1#';8.�)
�+  +�"&�/�+7 �"&�  (Group  I  metals (Na+K)
mg/kg)
7 =C� ->� 2 (HL ';8.�H CH��*8';8.�)
�+  +�"&�/�+7 �"&� (Group  II  metals
(Ca+Mg) mg/kg)

/�>#�4�!>�

/�>#�4�!>�

5.0

5.0

EN14108 H C
EN 14109
prEN 14538

23 Z�#Z�"&# "��. C7(.*53�=*&�
(Phosphorus, %Wt)

/�>#�4�!>� 0.0010 ASTMD4951

24 #�"'1+�H1>4  (,���8)
(Additive)

I=�'0Q*/01��98:/(�"&%L!��'=N*M�%���
�^+%(8�"�^-"�+�K &44�*

=��.'=1-    1/    !+^89(#�%���IM�!+^8�):*98:'98.%'9>��N/(�  H1>I*�"2898:�8���71�H.�4I=�IM�!+^898:�3�=*(
I*"�. C'�8.(H*%9��.*85

7. �(���	�
�
� �������� (Chemistry of Fat Splitting)
*53��&*�CK"��!�N'=�)�*�&%/��&*=")�*53��&*M*+(�):*J 98:#���",,��/{7("/ #A (�!.*53�

(hydrolysis) =")�93�I=�H1�1&!� �.'0Q*�"(/��&*�+#"C H C� 8';�"8* 7(.0s+�+"+.�H#(4/(�(&4*85

RCOOCH
2

CH
2
OH
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RCOOCH + 3H
2
O RCOOH CHOH

RCOOCH
2
 CH

2
OH

Triglyceride Water Fatty acids Glycerine

I*�"2898:'0Q**53��&*�CK"��! ;<:4�8�"(/��&*98:�8�3�*!*L�"A%�* C8 �*,<4 C18 H C����8 
C6 I*0"+��2*��.

��"/{7("/ #A/��&*'0Q*0s+�+"+.�'��K&*^A (Homogeneous reaction) 98:(3�'*+*��"'0Q*   
�&5*J 7(. �"(/��&*I*/1"� 8';�/"(A�C93�0s+�+"+.� 93�I=�/1"� 8';�/"(A � �.'0Q*/(� 8';�/"(A 
H C'0 8:.*1>�/0'0Q*7�7*� 8';�/"(A =����"H1�1&!/�>%"+%�"2A*&5*�C�8 7�7*� 8';�/"(A H C 
/(� 8';�/"(A  =")�/1"� 8';�/"(A'= )��.�> ;<:4��"'�+(0s+�+"+.�I*�&5*H"��C'�+(�<5*�.>�4M��J H C
'! �I*��"93�0s+�+"+.��C,���3�=*(7(.#O�K��" C �.��4*53�98: C �./(�*��.I*M&5*��4*53��&* 
H CI*�&5*98:#�40s+�+"+.��C'�+(�<5*�.>�4"!('"N!  '*):�4���*53�#���", C �.I*M&5*��4�"(/��&*
/(�����<5* H CI*�&5*#-(9��.�C'0Q*�&5*98:�&1"���"'�+(0s+�+"+.��8L>� ( 4'#�)�*!>� �"(/��&*,��
0 >�.I=�'0Q*�+#"C H C� 8';�"8*98:'�+('0Q*B B +1K �./(�*&5*�.�>I*#O�!C#�(- �&*

0s+�+"+.�H1�1&!��4/��&**&5*'0Q*0s+�+"+.�B&*� &%/(� 2 �-(#�(- *&5* �&1"���"'�+(
0s+�+"+.�/{7("/ ;+#H C0s+�+"+.�'�#'1�"+Z6'LM&*98:'�+(;53�J  (reesterification) �&**&5* �8L>�'9>��&* 
I*98:*851��4�8��"H.�� 8';�"8*;<:4'0Q*B B +1=*<:4������.>�41>�'*):�4 'K):�I=�0s+�+"+.�'�+(�<5*/(�
�.>�4%"+%�"2A

*�����*85��"'K+:��-2=O��+ H CL!��(&* �N�C'0Q*��"M>!.'">4I=�0s+�+"+.�'�+('"N!�<5* 'K"�C
�C'0Q*��"'K+:�L!��#���",I*��" C �.��4*53�I=� C �.I*M&5*��4/��&*/(�����<5* �8�9&54.&4
'0Q*��" (K &44�*�"C1-�*�8�(�!. 7(.'$K�C��"'0 8:.*H0 4�-2=O��+�C#>4B �"C9%98:#3�L&U ,��
'K+:��-2=O��+��� 150 '0Q* 220 oC �C93�I=�#O�K��" C �.��4*53�'K+:�����<5*#�4,<4#��'9>�

I*98:*85�CIM��"( 'M>* �"(;& Z6!"+� =")�7 =C���/;(A 'M>* #&4�C#8 =")� H��*8';8.�
���/;(A '0Q*1&!'">40s+�+"+.� 7(.7 =C���/;(A�C93�=*��98:'0Q*1&!'">40s+�+"+.�98:(8 ;<:4���93�=*��98:
L ��.�&%1&!�+�& M&*

 �
^`TU��(!
!&1,-0"C#4LA��44�*!+�&.*85L)� 'K):�D<�]��"C%!*��"98:'=��C#�I*��"B +1               '�

9+ '�#'1�"A ���/�*53��&*I*%>�*53�9+54��47"44�*0� A� ;<:4�8#>!*0"C��%= &�'0Q*�"(/��&* 7(.
D<�]�1&!H0"#3�L&U98:�8B 1>��"C%!*��"B +1 L)� ��"0"&%0"-4L-2#�%&1+!&1,-(+%'"+:�1�* #&(#>!*
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'M+47� /�*53��&*1>�'�9�*�  0"+��2��41&!'">40s+�+"+.��"( �-2=O��+ H C'! �98:IM�I*��"93�
0s+�+"+.�

�����
�	 %)�&
1. IM�*53��&*0� A����%>�*53�9+54��47"44�*0� A�'0Q*!&1,-(+%I*��"B +1'�9+ '�#'1�"A
2. IM��"(;& Z6!"+�'0Q*1&!'">40s+�+"+.�9"�*#A'�#'1�"+Z6'LM&* H C '�#'1�"+Z6'LM&*
3. K&P*�"C%%��"B +1I*"C(&%#�^+198:K"����CD<�]�I*"C(&%7"44�*9( �41>�/0

�I*"C(&%7TU"&��!��������)	��	� %)�&
1. #���",*3�'�9+ '�#'1�"A��IM�9(H9**53��&*(8';  I*�-1#�=�""�*53��&*0� A� H C'0Q*

0"C7.M*AH�>'�]1"�"98:0 ��0� A�I*'�1K)5*98:O�LI1�
2. '0Q*��"*3�*53�9+54���7"44�*0� A�*53��&* (waste palm mill) 98:'0Q*��4'#8. H C93� �.#+:4

H!( ��� ��IM�I=�'�+(0"C7.M*A/(�
3. '0Q*H*!9�4#3�="&%*&�^-"�+��-1#�=�""� ;<:4,)�!>�'0Q*��"93�I=���4'#8.'0Q*D�*.A I=�

#���",!+'L"�C=A��" 49-*I*�-1#�=�""�*53��&*0� A�/(�1>�'*):�4
4. '0Q*0"C7.M*AI*(��* ��"L�� '�]1"�""� K &44�* H C�-1#�=�""�98:'�8:.!'*):�41 �(�*

=*>!.4�*"&S%� I*��"�3�=*(*7.%�.K&P*�(��*��"�-1#�=�""� H CK &44�* 1 �(
�*#,�%&*��"'4+*98:93�=*��98:I=����.)�'4+*'K):��+���"(��*�-1#�=�""�

5. 93�I=�B��#*I�9"�%"�. C'�8.( H C���#"-098:'0Q*0"C7.M*AI*(��*1>�4 J




