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ABSTRACT 
 This research is estimation of greenhouse gas emission from an anaerobic wastewater treatment 
system that treats high strength industrial wastewater of palm oil industry. The study is comparison among 
the open anaerobic system and the most two common closed anaerobic systems with biogas collection 
system for utilization in each industry. For the estimation of greenhouse gas emission, the methodologies 
that are approved by CDM-Executive Board integrated with the coefficients and the factor proposed by the 
Intergovernmental Panel on Climate Change (IPCC). 

The most potential and appropriate activity of greenhouse gas reduction for palm oil industrial 
wastewater is modification of wastewater treatment process from the anaerobic system to the UASB 
system and biogas electricity generator. For this case, the average of greenhouse gas reduction of each 
factory is 21,250 tCO2e/y (76.97 percent of greenhouse gas reduction compared with baseline 
scenario).In case of the open anaerobic system, the efficiency of wastewater treatment is the main factor 
that directly affects the amount of greenhouse gas emission since the higher efficiency system can convert 
the organic in wastewater to methane gas more than the lower efficiency system. For the closed anaerobic 
system with biogas collection system for utilization, the efficiency of wastewater treatment and efficiency 
of biogas collection are the main factors that directly affect the amount of greenhouse gas emission. 
Because the organic in treated wastewater of the higher efficiency system is lower than that of the lower 
efficiency system, it causes the decrease of greenhouse gas emission from treated wastewater. Besides, the 
high efficiency of biogas collection system can also reduce the leakage of methane gas. 

Moreover, the use of biogas from the anaerobic wastewater treatment as fuel to replace the 
fossil fuel for generating electricity and thermal energy is renewable energy development. In addition, 
the energy generation from biogas is the greenhouse gas reduction activity in the energy sector. 
Keywords: Greenhouse gases/ Greenhouse gases emission reduction/ Industrial wastewater/ 
Anaerobic wastewater treatment system 
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��#�
-���-�3������1��6##02� �-� ��
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����
����� 80 - 90 +7ก�3������ "<#ก4�5�- �# ���
��
�)�#1���ก15�� 58�
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��� 5�������#�
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-���-+7ก
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#02� �-�+7ก "�-�# "<# 5���!������#�
-��) 
3.2 ก���
.��ก������	ก���ก2� �����87�� 

��ก)�M�-ก�
"�3��ก4�5 
(�#ก
��ก!��"
� ��1�� 
�
�0��- 2 6#"Q $.�.2543 (�.�. 2000) $)�3� "
����ก�

"�3��ก4�5 
(�#ก
��ก��0����!��"
� ��1��
����0�
�3�#�- ก����ก���3�"�3�� (emission from source) 
����3�#�-�7�ก��) (removalby sink)  �3�ก�) 229.08 
���#��#��
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����ก4�5�-���$ (�).�./��#)  
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��#�-*���1�� [4] 
ก4�5�-���$ 1 �).�. = $�����#1AAB� 1.20 kWh 
ก4�5�-���$ 1 �).�. = $�����#����
��# 21 MJ/m3 
3. ก�
"
� ��#$�����#1AAB��-6��6#ก�
 ��#
�)) [5] 
Whp = (Q × TDH)/ 273    
,���- Whp = !#��!��"Ki��7)#02�����j9k- (hp) 
          Q  = ���
�ก�
�7)#02� (m3/h) 
        TDH = Total Dynamic Head (m) 
Bhp = Whp/ eff pump  
,���- Bhp = !#��!��"Ki��7)#02��- �(�ก6�� (hp) 
          eff pump= "
����.���$!��"Ki��7)#02� 
kW = 0.746 × Bhp/ effmotor 
,���- kW = $�����#1AAB��-����6�� (kW) 
        effmotor= "
����.���$!���� ��
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 ก��ก4�5�- �#�7�����3��3�5-,��-
�-+7กก2���� (Bo) 

0.25 tCH4/tCOD [6] 

Methane conversion factor�2��
�)
�))
)2�)��#02� �-��))1
���ก5� �# (MCF) 

0.8 [6] 

ก�

��1��!��ก4�5�-���$��ก
�))
)2�)��#02� �-��))1
���ก5� �# 
(FL biogas,digest)   

0.05 m3 biogas 
leaked/m3 biogas 

produced [6] 
�3���ก���$6#ก�
�2�6�� ก��,�ก
��#!��
ก4�5�- �# (GWP CH4) 

21 tCO2e/ tCH4 [7] 

�3����"
����.�=ก�
"�3��ก4�5 
(�#ก
��ก
��กก�
*���1AAB� (EF BL,EL,y) 

0.5113 tCO2/MWh 
[8] 

�3� C�-�6#ก�
�7M �-���กก�
!#�3����ก�

�����$�����#1AAB���ก���3�ก2� #�� (TDL) 

6.3 % [9] 
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���ก5� �#�-#���6���7����
����2���)�
ก�-6�� "<#�����#6#ก�
"
� ��#"
����ก�

"�3��ก4�5 
(�#ก
��ก !��������ก

��ก��#02���#"���� 
�(� 
�)) Completely Stirred Tank Reactor: CSTR

���
�)) Upflow Anaerobic Sludge blanket: 

UASB �3�# "
����.���$ก�
)2�)��5-,��-!��
�)))2�)��
�))1
���ก5� �#�-6��6#ก�
"
� ��#"
����ก�
"�3��ก4�5
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���� ��� 3 "
����#02� �-� ����3�5-,��-!��������ก

�
�ก��#02���#"���� 
 �3��2���� �3��7���� �3� C�-� 
"
����#02� �-� (m3/day) 172 934 428 

�3�5-,��- (mg/l) 52,250 110,780 76,727 

��
�)

��ก5-,��- 
(tonCOD/y) 

3,349 22,652 9,769 

�2�#�#��#6#ก�
 ��#

�)) (��#) 

228 330 297 

�-��: http://cdm.unfccc.int[3] 
 

 
 

������ 4 
�)))2�)��#02� �-��))1
���ก5� �#!��
������ก

��ก��#02���#"���� (http://cdm.unfccc.int[3]) 

 

���� ��� 4 "
����.���$ก�
)2�)��5-,��-!��
�)))2�)��#02� �-� 

�)))2�)��#02� �-� "
����.���$ก�
)2�)��5-,��- (%) 

)3� ":�1
���ก�� 60 
CSTR 80 
UASB 90  

�-��: ก
�,
���#������ก

�[10] 
 

5.2 �����*ก���
.��ก������	ก���ก 
������ก

��ก��#02���#"�����-ก
�-�8ก9����#-0 
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ก
�-�- 1  ���6��
�))�)))3� ":�1
���ก5� �# ���
 "�-�#��6��
�)))2�)���)) CSTR �-�-ก�
#2�ก4�5
�-���$��*���1AAB� 

ก
�-�- 2  ���6��
�))�)))3� ":�1
���ก5� �# ���
 "�-�#��6��
�)))2�)���)) CSTR �-�-ก�
#2�ก4�5
�-���$��*�������
��# 

ก
�-�- 3  ���6��
�))�)))3� ":�1
���ก5� �# ��� 
 "�-�#��6��
�)))2�)���)) UASB �-�-ก�
#2�ก4�5
�-���$��*���1AAB� 

ก
�-�- 4  ���6��
�))�)))3� ":�1
���ก5� �# ��� 
 "�-�#��6��
�)))2�)���)) UASB �-�-ก�
#2�ก4�5
�-���$��*�������
��# 

"
����ก�
"�3��ก4�5 
(�#ก
��ก�2�#��6#�#3�� 
��#��
�)�#1���ก15�� �-�) �3� (tCO2e/y) 
5.2.1 �����*ก���
.��ก������	ก���ก��กก�*�A�	 

,
���#�ก��#02���#"�����3�#6�M3�-ก�
#2�ก4�5
�-���$1"6��*���$�����#1AAB�����# �(0� $���A��5�� 
��#�����#-0ก2��#�6��,
���#�-ก�
#2�ก4�5�-���$1"6��*���
$�����#1AAB���0���� �
(�$�����#����
��#��0����
"
����ก�
"�3��ก4�5 
(�#ก
��ก��กก��ก

��- ก-��!���
�������
7"�- 5 

 

 

���� ���: "
����ก�
"�3��ก4�5 
(�#ก
��ก �#3�� tCO2e/y 
 

������ 5 "
����ก�
"�3��ก4�5 
(�#ก
��กก
�-J�# 
 

��กก��ก

��- ก-��!���6#ก�
"�3��ก4�5 
(�#ก
��ก
��กก
�-J�# $)�3�  

1."
����ก�
"�3�� CH4 ��กก�
)2�)��#02� �-�,��6��

�))�)))3� ":�1
���ก5� �#!80#��73ก�)"
����.���$ก�

ก2����5-,��- ���"
����#02� �-��- !���73
�)) 

2. "
����ก�
"�3�� CO2 ��กก�
6��$�����#1AAB�
6#ก�
 ��#
�)))2�)��#02� �-� !80#��73ก�)"
����!��#02� �-�
�- !���73
�)))2�)�� 

3. "
����ก�
"�3�� CO2 ��กก�
#2�ก4�5�-���$��
*���1AAB��
(�*�������
��#����# �(0� $���A��5�� 
!80#��73ก�)"
����5-,��-6##02� �-��-+7กก2���� 
5.2.2 �����*ก���
.��ก������	ก���ก��กก�*���ก��
����	�	,�� ก�� 

"
����ก�
"�3��ก4�5 
(�#ก
��กก
�-6��
�))
)2�)��#02� �-��))1
���ก5� �#�-�-ก�
ก�ก ก;)ก4�5�- �# $(�
#2�1"6��"
�,��#��������
�)))2�)��#02� �-��)))3� ":�
"
����ก�
"�3��ก4�5 
(�#ก
��ก��กก��ก

��- ก-��!���
�������
7"�- 6 

 

 
���� ���: "
����ก�
"�3��ก4�5 
(�#ก
��ก �#3��  tCO2e/y 

 

������ 6 "
����ก�
"�3��ก4�5 
(�#ก
��กก
�-�-ก�
�2� #�#
,�
�ก�
 

 

��กก��ก

��- ก-��!���6#ก�
"�3��ก4�5 
(�#ก
��ก
��กก
�-�-ก�
�2� #�#,�
�ก�
 $)�3�  

1. "
����ก�
"�3��  CH4��ก#02���0��-*3�#ก�
)2�)��
�� ��
�)))2 �)� �#02 �  �- ��))1
� ��ก5�  �#!80 #��73 ก� )
"
����.���$ก�
ก2����5-,��- ���"
����#02� �-��- !���73
�)) 
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2. "
����ก�
"�3�� CO2��กก�

��1��!��ก4�5
�-���$��ก
�)) ก;)
�)
��ก4�5 !80#��73ก�)"
����5-,��-
�-+7กก2���� ���"
����#02� �-��- !���73
�)) 

3. "
����ก�
"�3�� CO2��กก�
6��$�����#1AAB�
6#ก�
 ��#
�)))2�)��#02� �-� !80#��73ก�)"
����!��#02� �-�
�- !���73
�)))2�)�� 
5.2.3 �����*ก��
��
.��ก������	ก���ก 

"
����ก�
��ก�
"�3��ก4�5 
(�#ก
��ก �(� �-�)

���3��ก
�-J�#���ก
�-�-ก�
�2� #�#,�
�ก�
 �������
7"�- 7 

 

 
 

������ 7 "
����ก�
��ก�
"�3��ก4�5 
(�#ก
��ก 
 

ก
�-�8ก9��-����
+��"
����ก�
"�3��ก4�5 
(�#
ก
��ก1����ก�-��� �(� ก
�-�- 4 ��ก�
"�3��ก4�5 
(�#
ก
��ก C�-��3�,
� 26,180 tCO2e/y ,��������� "<#
����� 
80.46  �(� �-�)ก�)ก
�-J�# ก
�-�8ก9��-����
+��"
����
ก�
ก4�5 
(�#ก
��ก
������ �(� ก
�-�- 2 ��ก�
"�3��
ก4�5 
(�#ก
��ก C�-��3�,
� 21,455 tCO2e/y ,������
��� "<#
����� 67.77  �(� �-�)ก�)ก
�-J�# 

+8�����3�ก
�-�8ก9��- 4 ��� 2 58��-ก�
#2�ก4�5�-���$
��*���$�����#����
��#����
+��ก4�5 
(�#ก
��ก1��
��กก�3� ��3������ก

��ก��#02���#"����#���#2�ก4�5
�-���$��*���$�����#1AAB���กก�3� ���#�0#"
����ก�

"�3��ก4�5 
(�#ก
��ก��กก
�-�8ก9��- 1 ��� 3 �8�6ก�� �-��
ก�)���� "<#�
����กก�3� ,��ก
�-�- 1 ��ก�
"�3��ก4�5
 
(�#ก
��ก C�-��3�,
� 17,073 tCO2e/y ,���������
 "<#
����� 62.59  �(� �-�)ก�)ก
�-J�# ���ก
�-�-  3     

��ก�
"�3��ก4�5 
(�#ก
��ก C�-��3�,
� 21,250 tCO2e/y
,��������� "<#
����� 76.97  �(� �-�)ก�)ก
�-J�# 
5.3�����*ก������	ก���ก���
�
 �.�$��������ก�,������
�26���.����������	������� 

"
����ก�
��ก�
"�3��ก4�5 
(�#ก
��ก�3�"
����
��
�)

��ก5-,��-�- !���73
�)))2�)�� C�-��3�,
�!�� 
������ก

�#02���#"���� ��736#�3�� 1.75 [ 2.68 tCO2e/ 
tCOD Load 
���� �-�������
���- 5 

 

���� ��� 5 "
����ก4�5 
(�#ก
��ก�-�����3�"
������
�
)

��ก5-,��-�- !���73
�)))2�)�� 

ก
�-�8ก9� 
GHG �-����
 C�-��3�,
� 
(tCO2e/y) 

COD Load 
(tonCOD 

Load) 

tCO2e/tonCOD 
Load 

CSTR+Elec. 17,073 9,769 1.75 
CSTR+Heat 10,204 9,769 2.20 
UASB+Elec. 21,250 9,769 2.18 
UASB+Heat 26,180 9,769 2.68 

 
5.4)	��� ก�����ก��ก������	ก���ก��ก����������	���
����2� ������ก�������������ก��ก��  

,��"ก������������ก

��ก��#02���#"������)2�)��#02�
 �-�����)3� ":�1
���ก5� �# 58�ก3�6�� ก��ก�
"�3��ก4�5�- �#
��ก�73)

��ก�� ���#�0# ��#�����#-0�8� �#��#����ก�
���ก�

ก4�5 
(�#ก
��ก��ก
�)))2�)��#02� �-�!��������ก

��-�-
�����ก"
ก�7����#-0 

1. ��
6��
�)))2�)��#02� �-��))1
���ก���-�-ก�ก ก;)
ก4�5�- �#��#ก�
6��)3� ":��))1
���ก��  #(����ก "<#
ก4�5 
(�#ก
��ก���ก�- ก��!80#  

2. 
�)))2�)��#02� �-��))1
���ก5� �#�-�-ก�
ก�ก ก;)
ก4�5�-���$ �� �(�ก6��
�))�))6�#�0#!80#��73ก�)��ก9��
!��#02� �-��-����ก�
)2�)�� "<#�2���M ����-"K�����(#>
"
�ก�)ก�
�����#6�  �3# $(0#�-ก3��
���  ��#����# ���
��.-ก�
 ��#
�)))2�)��#02� �-�  "<#��# ��0�#-0ก�
 ��#
�))
)2�)��#02� �-�6���-"
����.���$ "<#"K�����2���M  #(����ก��
�2�6����
��#�
-��+7ก�3��������ก����� ��(���
��#�
-��
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6##02�#����2�6�� ก��"�3��ก4�5�- �#��ก#02� �-��-*3�#
�))
)2�)���))1
���ก5� �##����� 

3. ก�
���ก�
ก4�5�-���$�- ก��!80#��กก�
)2�)��#02� �-�
�))1
���ก5� �# ,��ก�
#2�1"6��"
�,��#�6#ก�
*���
$�����#����
��#�
(�$�����#1AAB�����# �(0� $���
A��5��58� "<#ก�
��ก4�5 
(�#ก
��ก��กก�
6��$�����#
���# �-�#  

4. ก�
6��
�)))2�)��#02� �-��))1
���ก5� �#�-�-ก�

ก�ก ก;)ก4�5�-���$#�0#��
���-ก�
"��)�������73�(��-
 ก-��!�����0���3!�0#��#ก�
��ก�)) ก�
�����0� ก�
 ��#

�))���ก�
6����# $(������� �-��6#ก�
 ก����)��� ���
��กก�
6��ก4�5�-���$ 

 

6.���� 
��กก�
"
� ��#ก�
"�3��ก4�5 
(�#ก
��ก��ก

ก
�)�#ก�
)2�)��#02� �-�����-���$,��6��
�)))2�)��
�))1
���ก5� �##�0# $)�3� "
����ก�
"�3��ก4�5 
(�#
ก
��ก���-�������$�#.�ก�)"
����.���$ก�
)2�)��#02� �-�
!��
�)))2�)��#02� �-��))1
���ก5� �##�0# > ,��
�))
)2�)��#02� �-��-�-"
����.���$ก�
)2�)����
��#�
-��6##02�
 �-��-�7�ก�3� ���-"
����ก�
"�3��ก4�5 
(�#ก
��ก�-�7�
ก�3 �
�)))2 �)��#02 �  �- ��- �-"
����.���$ก�
)2 �)��
��
��#�
-��6##02� �-��-�2�ก�3��3�#ก�
"�3��ก4�5 
(�#

ก
��ก��กก�
6��$�����#1AAB�6#ก�
 ��#
�))+(� "<#
ก�
"�3��ก4�5 
(�#ก
��ก�������$)�3� "
����ก�

"�3��ก4�5 
(�#ก
��ก��กก�
6��$�����#1AAB�6#ก�
 ��#

�)))2�)��#02� �-����-�������$�#.�ก�)"
����#02� �-��-
+7ก)2�)�� ���ก�
�7M �-�������#$�����
���0����
(Total Dynamic Head: TDH) ��กก�
�7)�3��#02� �-� 
,���-"
���������ก"
ก �
(�"
������
��#�
-��6##02�
 �-�1�3�-*��3�ก�
"�3��ก4�5 
(�#ก
��ก��กก�
6��$�����#
1AAB� 

ก4�5�-���$�-1����กก�
)2�)��#02� �-�����
+#2�1"6��
 "<#$�����#����# �(0� $���A��5��6#ก�
*���$�����#
����
��#���$�����#1AAB� #�ก��ก#-0 ก�
6��ก4�5�-���$
#-0 "<#ก�
��"
����ก�
"�3��ก4�5 
(�#ก
��ก��กก�
6��
$�����#6#���������ก

�1���-ก����#8����� 

 

7. ก����ก������ก�8 
*7��2 �ก�
�����!�!�)$
���� �����������ก

�

���������� �������ก

�����
� ������ก
������������� 
�������ก�
)
���
���ก�
ก4�5 
(�#ก
��ก (����ก�
����#) 
�2��
�)!���7� ���!���-0�#��3��> �- "<#"
�,��#��2��
�)
��#�����#-0 
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