
    ���� ���	
- �
���
 � ���� �	����  
                                                                                                                                 ������ ������� � �! "#��$ �%�!1397 

69 

  

�� ������ 	�
�� ���
 �
����� ���� ������ �� ������� �� ����� ����� )SGBR(  

  

�!����" ��#$%1�� ����� ��#$% '�����2* � *���	�� +��,�3  

1- + ,-.$ "�/	

! �%��-��-� 0-
�12 ��,3.2 �,$#
 ���3$#��
��4 �
��
�
��
 �� parsaeemostafa@yahoo.com  

2-  ��,3.2 �#��!���
�
��4 ,-.$ "�/	

! �%��-��-� 0-
�12 �
��
�
��
 �� ac.irm.kiani@scu.   

3- 	

!�#�- 6+�2 7�8-89� :#��3;:�� �����<-92 "�/	

!  ��� �1$6� :,3= #���$ �
��
� �
��
� Afshin_ir@yahoo.com 

 *�
�",3� ?@�A2   

 :�;��#! C�#��)26/1/97:7��FG
 H���I �;��#! � 1/3/97�  :J��K�19/3/97( 

  

�	��.: �MN�<2 H�
 #! "!�O��
 �� P�3�� �
 ��Q�-� ,-N�� � #��+
# �� �
SGBR   ���1� %R� ��6/5 �-N��  �� #!��2� ,
�2 

�1-N�#,-� )HRT( 2 �3 � 4 ��#�  �NI !
�2 �

��# :�-Q#�� ��86002 �28667  �L.Day/CODmg 21500 ,$ ��#�� .

�� #�X322Y�H- :�2! 35  �
�-2 �
 #��+
#J�#  ���92 �
 � �ZI  ���NaOH �;�� :
��  .,$ "!�O��
%R� ���Q�- :,-N�� 

 "!�O��
 ����= J�# �
� ZI ���="�
,

,$ :�-Q .!
! ��	
 [���
 �+ :,-N�� ���2 ��Q �
6-2 #! ��2� �1-N�#,-� ,
�2 4 �

3  �2 ��#  �
 \�11 �13  �16  #
,82 �� ��#]�^��8�  .,-�# ����_�
6-2 #! :,-N�� ���2 ��Q 
�2 ��2��1-N�#,-� , 2 �3 � 

4 ��#� ��?-���� 66/6 �66/16  �L.day/STPL 38/27 �� P�3�� ��-N �� :
�
��
. :��+�� #! �`�,-�
 � �`�
��2 :��pH 

57/5� �1-N�#,-� ,
�2 ��2� �� �� #!�  �$KQ �
 \�2 ��#�  .,
,-�# �!�M� ���� #�@H-/
�-2� Q �
6-2 :,-N�� ���2 ��

 #! #
�; ,2�= !
�2 �� �^�
��2� ,
�2  �1-N�#,-�2 �3  �4 ��#� �� ?-���244 �345 �              vsgk/4CHL 434 �� ��!

,2I. 

  

:*��0��	�1�  ����2 ��Q ���Q�-� �P�3����2� ,
�2 ���_ �N�

�Q ���� #��+
# ��1-N�#,-�  

  

2%	3%  

��� �
 1860  ��2005 :!F-2�  ��.= :`�

 a�b240  .�;�� c�
6;
 ��
���c-�3-� �+ ",$  ���� :
#
! �
�.= :`�

 ��-


 ,$#23/2 ,G#!  ��� #! � "!�� ��� #!2010 �1710×18/1  � ",$ :�N�+��-+��� #! 2025 �1710×56/1 +:�N�+��-  ,�
��

,$���� a�b2 c�
6;
 "
# �
 :`�

 ��-
 c�
6;
 . :����-�; �Q!�NI e������� :�� �<-92,$ "��
 .H�
���3��  �=��

:`�

 ,-N�� �� ��	-� ��-
�.=�� � ��K�,�,R� :��"��� ��
 ",$ a�<M2 ����� ���� ,-N��]1[ . J#
6Q f^@IPCC 

1 �

����%.2 "!�� 
# c8
 H���2�#!�3- :`�

 H-2Y��� �!�+ ,�
�� �O�
 ��K�,�,R� :�� ,-N�� �+ :#�@TWh 50,000  #! :`�



 ���2050  � :!F-2TWh 75,000  ��� #!2075  � :!F-2TWh 89,000  ��� #!2100  ��#
�� J�#
 �!�M2) :!F-2

N��",$,-  �
 c-� �
���
 �
16  �
 (Z�4 H� !#�-�-2����"!�� c-� h��i��
 �3-�]2[ .����"!��� �� �NI !
�2 :
��92 ���

j��� ?��32 ��Q�-� �-N�
 k^32 H�����
]3[ .�2 :,-N�� ��Q�-� #! f�#6� �� �#!�� ���� ���� � �2�Q ��26�� ,-N�� :
�� ,

��

!�$ "!�O��
 l�8�#
 �
 \� ��Q �1^$]4[.  ���� H�
 �
 �1�"!����� �� �+ �;�� �1	-
 �M3G � �	+ :
#
! :��#�	+ #! #�;�

�2 P�3�� �!�$��
�#! P�3�� .\� ki
 �1	-
 �
 ��
��
�-� ,-N�� �
��#�+ ,
�2��
 .�Q��� �� �=�� ��P�3�� :��� �� %m� :�
��

���_n2H�  ���2 ��Q ,-N�� �� :`�

 ������� � �Q!�NI aK� a,� �� P�3�� �-Ob� :
�� J�#��
]5[ . P�3�� �
 ��Q�-� ,-N��

"!�� �/�! !
�2 �� �^�
��]6[  ���k��� ��) (H-3/-N !�=�  ,� �����
]7[ . ��Q�-� �
N��",$,- �2 � �-<8� ,3�
�; #! �
��

                                                 
1. Intergovermental Panel on Climate Change 



"! �
�-+ �O<b2 ��o��#�� �O<b2����,1� H-	;
 � �
�-+ 

70 

 #�A���
��
�-�]8[ �0	��!�+ ���2�-��]9�10[ ��� H��
,

#�+p�! �;�b2 ���� �A� :���1	-
]11�13[%��-� � :��
١CHP ]14�7[�  H-3q�� � �-�8
 h����P����
��: :�.$]15�13[  "!�O��
!�+.  

 ZFr�;PF2 :�-Q,3i �
 hG�� f-i#� !�,� ��X�s �+ 4/2  ��5 !#
! ,G#!�  
# !�,� ��R� ��10  �;�b2 PF2 ��
��

��)%��-� #! (ZI %R� � ��� :��
�� ���t-�u� :��� %��-� ���	2 �+��
 ���$ t-�u� :��� �2 7#
�� �X�s �� �� ,3�!

60-65 ,��� ,G#!. "!�2 h�� H�
 hG�� �+ ��
 t-�s :
!#
!  �
 P�3��]16[ .#! �-<8� ���� �
 P�3�� "!�,92  :�2!65 

 ��107 ��
�� �=#! � !
�QpH 3  ��5 �2 v#�� ",-q-� #�-�� ���-�-$ w�9N�
 � j�� ���,-�
 :
#
! P�3�� .!�$��
]17[ .

��h1N
 ��-N �� :
�
� 8  ��20 �2 ,-N�� P�3�� ��-N!�$]23-18�8[. �
�A�Q :����Q #�	�

 e��� P�3�� :
)GHG(٢  H-��
 �

:6�I �
#�
�= � ����-Q 7�-� H�;#� ��6�3���; c��+ ���� �2!�$]6�24[ .�
�A�Q �_
 � �Q,3�jI !�,� #! P�3�� :
170 

H��+ ��
��:!��
 ,-�+
]25[ .J�# �� �1	-
 P�3�� :�# �� :!��� ���MN�<2 x��A2 :��#��+
# � �� ��� #! �+ ��
 ",$  �R



�2 "#�$
 !#�2 ,34 ��.!�$  

  #!�2�Ic�����  :�2! #! �
#�1�� � ��#�� �+�
�-23 �� 30 ,G#! #��+
# UASB 

4  ,
,-�# �R-�
 H�
 �� �,
!
!  �R

 HRN

 aK� "!��� �+COD5  "!�,92 #!70  ��80  ,G#!��Q #
,82 �  :,-N�� ���2CODgL/ 19/0 ��
]9[ . �+ �	��2�I #! 
#�^+ �

 J#�1��#!  :�2!�
�-2  #��+
# �
UAF 

6  aK� "!��� �,
!
!  �R

COD 1/75  ,G#!� �NI !
�2 �

��# :#
KQ#�� OLR 

7 

day.3m/CODgk 10 �  :,-N�� ���2 ��Q #
,82CODkg/4CH
3m 315/0 
# ,
!
! J#
6Q]23[ . �� �
#�1�� � 
���� �+ �	��2�I #!

 #��+
#AFBR 

8  :�2! #!C 30-37°  �pH  3/7  aK� #
,82 �,
!
!  �R

COD 70 ,G#! :,-N�� ��Q�-� #
,82 � day/3m 66/0 

 ��CODkg/3m  4/0  ���2 ��Q #
,82 �CODkg/4CH 3m 312/0 y�
�$ #! 
���
!#
, STP 

9  ��07  ��80 ,G#!  ���2 ��Q    ����! 

,2I]26[ .
#�N �+ �	��2�I #!  :�2! #! �
#�1�� �30  �=#!�
���!
�Q  #��+
# ��AFBR ,
!
!  �R

 P�3�� :�# ���  H���	-�

 aK� "!���COD 70 ,G#!  #!OLR .day3m/CODkg 93/13 �-� ,-N�� H���	-� ��Q�.dayVinasse
3m/Biogas

3m 73/5 ����! 

,2I]27[.  

 #��+
#SGBR 

10 :#��3; �
�� H��
 :��:�
���  h2�$ ]F2�+ �+��

�Q:��11 �� :�
�� ���
 ��� #!2000  \-N
 y���


��
 "�/	

! #! z�2 �12 ,$ ����� �1��2I]28[ . #��+
#SGBR ���
 �%��- Ob��- ��:�
�� j�� ���� ���� 2 �+�,

��  ��

u�7
�-- ��2�  ,
�2��1-N�#,- )13HRT( � !
�2 ,3+ tO� 
# ,2�=.  #��+
# ���
 H�
��H-�",
�# ��

�Q h2�$�� :�� ��M; :�
��

��
 ��
 
,-� J!�Q �I #! ����= �+,3+. ���� "!�� {�<�  ��� �
��

�Q �2 #
�i�� P���|-� �
 � ,3+ � }�� ��6�� �
�Q

 "!�O��
 ,2�= ���Q �k��2 ���
,=
��!�$. ����� H-��� %�-
�Q#
��1-2 H-� :��	-� P����2 #
�i�� ��

�Q � �� !�� �+ !�$

7,2 c��+ �� �R32�2 �Q!�NI ���3+ � �NI !
�2 h�,^� ��2�.!�$ 

|-� ���;��#�	�

 7�8-89� � ~�r�2 �3-	-� �� �=�� �� :
�� �	���� #�+ �
�Q�1	-
 P�3�� �
 ��Q�-� ,-N�� "!�O��
 ��  #��+
# �


SGBR 
 7#�G.��
 ��;�/ H�
���3�� c���� H�
 #!� #��+
# H�
 !�1����  ,
�2 ��2� � �NI !
�2 :�-Q#�� #! j�� ���� :
#
! �+

���
 %+ �1-N�#,-� �� %m� #! P�3�� :�
��,$ ��#�� .���GF� #�@� H�
 #! N�82��  �� ��#��P�3�� �
 ��Q�-� ,-N�� �1	-
 

                                                 
1.  Combined Heat and Power 
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1 2. Iowa State University 
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Table 1- Chemical composition of the of the sugarcane vinasse[29] 

Content  unit  parameter  
48.32  % VS 

5.58  %  TS  
28765  mg/L  COD 

4.5  -  pH  
14  g/kg nitrogen  
25  %  carbon  
38  g/L phosphor  
690  mg/kg  sodium  
477  mg/kg  magnesium  
211  mg/kg  calcium  
56.3  mg/L  sulphate  
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Table 2- Characteristics of granular sludge 
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Figure 1- Schematic of the SGBR reactor (a), Reactors, temperature control and biogas measurements (b) 
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Figure 2- The process of producing methane at 2, 3, and 4 days hydraulic retention times 
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Figure 3- Daily solid content (a) and volatile solids (b) vinasse digested in HRT 2, 3 and 4 days 
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Figure 4- daily pH of the reactors at 2, 3 and 4 days of hydraulic residual times 
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Figure 5- Process for methane production based on the amount of vinasse solids removed in HRT 2, 3 and 4 days 
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In this study, the production of biogas from vinasse by using three SGBR reactors with the same volume of 5.6 
liters for three hydraulic retention times (2, 3 and 4 days) and organic loading rates of 86002, 28667 and 21500 
mgCOD/L.d was investigated. The water bath method was used to provide the  temperature of  mesophyll 
reactors at 35, and   NaOH solution was used for buffer. The biogas volume was measured using the water 
displacement method. The results showed that the methane production was almost constant with HRT of 4, 3, 
and 2 days after 11, 13, and 16 days, respectively. Methane gas production with HRT of 2, 3, and 4 days was 
6.66, 16.66 and 27.38 LCH4(STP)/L.day per liter of vinasse, respectively. For three reactors, methanogen and 
acidogenic bacteria were in the equilibrium state at pH 5.57 after 2 days. The  amount of methane gas production 
per volatile solids with the HRT of  2, 3, and 4 days was 244, 345 and 434 m3

CH4/gvs, respectively. 
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