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Abstract  
The sludge biogranulation technology, including the two aerobic and anaerobic processes, is an important 
development in the field of wastewater treatment. Much is know about the process and operation of the 
anaerobic granulation thanks to the rather large number of studies carried out. Aerobic granulation, however, has 
been only recently investigated and a limited number of studies have been dedicated to such aspects of the 
process as the organic source, hydrodynamic shear stress, cycle, settling time, reactor configuration, solid 
retention time, oxygen concentration, metallic concentration, and pH. This article tries to provide a brief review 
of these studies and the results obtained in an attempt to identify the most important study so far conducted. 
Using the results, a comparison will also be made between the anaerobic and aerobic granulation processes to 
gain a better understanding of both. 
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0)��$� T n3��) ��LA 4�6L
 zB�D #L�$� &% ( #$��f +,D �< ����

4� .��) 

Z�Z�6p�X�=?�	�A 536 ��A?��& ��K 
�? �<��6= 4,�����%(&��3 4G�< 2(���#��? ( %��L�� 43%�.�3 #����(
 4��� V���;.< ����f !����(&"�? 	=���� .%.��D &% 4,�A(&����3 n���<

 ( &�$B���  +�,�G< #�) 	��� 2����) +��= -� 4$��� 2�3&.$)�&
J.���f 2&����T �< 	�< �& 4?�,�� 2�3�4�� &���b ��I %&.�B�? .��3%
*�8
 �� 4D�� @����������& #? !���) %.U; 2�.3 2�3 Y��6< c8��

#��? ���F�� �$��G�? J.�����f +�,��G< ( ������,� ���? 0)����$� 2��.��3 2���3
4� 0E�� 2&�$B�� .%.D 

@�&���,63 ( 4�< &.�$)�& &���FC 2(& ��? #��UA�i� ��?SBR ���? #��)
	=�� 2�3�
 2�.3 2�3u/\ t/S Q/t �/u4$��� #����I �? �$�

!�F? 4� 2&�%�? �< 4��&�? &% 4U��  ���D�&% 4,�A(&���3 n��< ��I
J.���f +�,G< ��%.6� 2��.3 2�3 ]t�[%�% @��G� ���7�7�< q��$� .

 '&��FC ��< '(% 2��3&.$)�& &% 03%���� �(& &% #) J.����f ��? 4���3
4A�
 &% ���D +�,G< 0)��$� 2&�$B�� ( 0E�� 4/&�B �i� &% #�)

������T &%  J(� &.��$)�& ����< 4A.�����f x���3  �.��3 2�3���
 	=���� �
.�G� !�3�G� #���6) 4�G�< 2(���� -�� #) %�% @�G� �F�� &�) q��$�

 '�" 2��.�3 @��D #�A.���f 2���? 	��� 4�G�< 2��3(��� ����w63 .
 4��T ���A.< &% -����< K�=�? �<"�? ( 4A.��� �&��B 2�3��&�)���
4� J.�� 2����?� 	�;�B n����� 4��T .%.�D �&��B 2�3��&�)���

4A.�� J.�� J�H<� ( 4f��8�C �< 	�< �& �3�n�7� ( !%�% &���b ��I
 J.��� #�C&�~,� &�$B�� &% 46F� .���&�% ��3 �$�G�? ���A.< ����?���?

 
2 P-Accumulating 
3 Non-P-Accumulating 
4 Respirometric  
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4��T K��=�? �<"��? 4��G�< 2��3(��� &% 4A.���� �&��B 2�3��&�)����
0)��$� J.���f &�$B�� @�D �< 4� �3 �i�� 2�����?� n������ .%.�D

 &% 0,�$��� 2&�$B��� ��A.< ( �8�f 2���� &% n3�) K=�? J.��
 J.���f4�%.D .

Z�[�6p�&��� <F�� ��K 
!�F? 2��? 4���� #B�C &.$)�& �� 2&�%�?SBR !��? +��D 4����� 2�3

 43%�.�3  #���M<  2�����T (4,�A(&���3 ����� @���� #�? #$��?�()(
#< 4��G�	��� !�6= . #�) %&�% ���U< 43%�.3 !��? #? 4���� #B�C ��

������ n���)� n�)�( @��� !��3% @�G���$�?.� @��� #? #$�?�( (
4,�A(&��3 ����	��.

�T @�&�,63 (!�F? �? �� 2&�%�?q�T &.$)�&SBR @���� ��? 2��3
�(��$� 4,�A(&��3 < 4�&�? &% 4U��+�,�G< ��? &.$)��� ���� ��I

J.���f 2��.3 2�3��$D�% ]t�[#�) %�% @��G� @���� n3(oT #L�$� .
4,�A(&��3 ���� @��� ( �LA 46L
 zB�D #i?�& ���d #�i?�& -�

 4iB(#��6) &��7� 2�&�%	��4� @�G� 4iB ��d #i?�& ��� . ��3%
4,�A(&��3 ���� @��� n3�) �� n����� �? #) 46L
 zB�D &��7�

4� n����� �LA �7� ������? #��6) &��7� .�?�� #���F? &�� 	��� &% #�)
 48��7< 4,�A(&��3 ���� @���nD4�� ���<� 	=�� @���� &% .��$��

 ����tQJ.���f  	=�� !%.�< ��? ( !��D #$M���f 0�3 �� �3 ��? 4���3
#< 	��?�b ( 	�� &�$B�� 4� ������/ ����T 4��G� .��.D 

4,�A(&��3 ���� @��� n����� �? J.����f !����� ����T n3��) ��3
4��� % .����)@����� &������ 2���3t � St (tQ����.$� ���ib  	=����
#��? c���<�<]/u t/S S/S(�/\.%.��?J.�����f #��) 4A���
 &% 2���3

@��� &% !�D +�,G< ����T ���� 2�3 ��< 0)���$� 2&�$B��� 2�&�% ��<
��%.? �� 4�iB ���d 4U?��< 2�����?� #�) ���%�% @�G� ���w63 �F�� .

 ���7� ���$�G�? #�) 	��� 4,�A(&��3 ���� @��� ����� @���� &% @� &
4� +;�
 	=�� nD .%.D 

4,�A(&��3 ���� @��� 	��F� &% t�<St+�,G< #? �L�� 	=��
J.���f &����T 2��.3 2�3�D!������ #�? ����� @���� �� !%(��� ��� .

 ����? 4���) !����� #? ( ��U� �LA �D& �� 2��f.�/ 2��? !�<.) 4��)
 �? ��LA N`<� �� 2��f.�/ 2��?##i���( @��D �$��D�0$���� ��

	��.

Z�h�6p<6 ���� ��K ��A�#�j�� �� �3��&SBR 
#< 4����.< #) 4�LA #�< 4����� !���? &% @��D ��G� #$�D��� �& 4���G�

�D�? 4�� #$��D 0$���� �� 4/(�B ���9 �� @���� ����?���? .%.�D
#< !�<.) 4��G� 4b�? K=�? #�< 	���?�b ��? !%.< 	��� @���� 4���G�

 
1 Hydraulic Washout 

&% "�?4� 0$��� %.D@��� &% . #< 2�3 !%.<  �<"�? 4��G� ��LA 2�3
#< 	�;�B �? 4�6� V�UP 4��G� #�? �����.< 0$���� �� c����� &.�9

4� 0) �& @�D #A.���f 2��? �LA 4����.< ( ��.D �&�B .���) 
#< @��� #,��� %./( �? 4��G� �& 4����� #�B�C �� 4,C.�) ���)

4� _�H$B� %.B #? < ��� �3%���I J.����f +�,�G< 2(& ��? 2%����
 �< 4�&�? 2��? .%&�%�!����T ���� ��I �A4�&��,63 (@&.�$)�& &��FC

#? @��� �? c�<�< #< 2�3 4��G�t\ S] S\ ]&% @���,� �? ( #7�b%
����D ���� �$��f �E� !�& ��%�) 2����� +�D)u(]t�[.

WX>[R#< @��� ��I�< J.���f �;&% �? 4��G�]t�[

#) &.i��63 +�D &%t4� !��% %.D #< @��� &% 4��G�] #7�b%
J.���f #) 4A�
 &% ��$�3 0)�
 2��.3 2�3 @��� &% #�< 2�3 4���G�

���% J.���f �� 48�)�< #�$��f +,�D ���U� ��LA ( 2��.3 2�3 .����
#< @��� n3�) �? ����?��? 4��G� �$�G�? ��LA @��D #�A.���f �;&%

4� %.D��� :b�( &% . #�< @0�) 4���G� @��D #$��D K�=�?p	����
!%.< #�< 	���?�b #�) 4�7�U� 2�3 ���&�% 4�����T 4���G� ��F�< ( !��D

J.���f #< 	��?�b �? 4��3 �<"��? 4��G� 4�� 4b��? 0$���� &% .������
 @��� �? Y.,U� #i?�& 2����?� #) %�% @�G� �F�� ��7�< ���% q��$�

#< #? .%&�% 4��G� 4� �E� 	��U6/ ���& �� 2��f.��/ 2���? 4�?�,��
@��� &% :��� @�D #$�D #< 2�3 &% 4U��  &.�$)�& �� �����T 4��G�

 .��&�% 4U6L< %.B n����� 2��? %.B 4�i� 	�;�B ���v< 

Z�m��q3��* ���,H ��l������ 
@�&�,63 ( ���( !��F? �? &.�$)�& -�� �� 2&�%��?SBR  0���& 2��3

  @�(���$��  �?���) 2(& �& 4����$M� 4��i�b J���6=� 0�����$T ( ������
��%.6� ]t�[0F� . �< ��F�� ���7�< #�L�$� ����<�0���& ���� ��I ��? ��3

J.�� 2����?� �3	�� !%.? &% q��$� #) +�DQ.	�� !��� 
#? #/.< �? +�DQ4�� !�3�G� 2���? 4�i�b 0���& J��6=� #�) %.�D

0���$T ( ����  @�(�$�� 4� n3�) �& J.�� 4�i� 2����?� �3% 

2 Washout 
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WX>hR4i�b ��I�< &�%.6� V�$M� %�.� 2�3 
@��� �?��? &%]t�[

2�����?� n������ K=�? �?�) 2��? 4i�b 0��& J�6=� #) 4A�
 &%
4� ����� ( @�(��$�� 4�i�b ����D 	�< .%.D 4��T 2�3��&�)���

#? 4A.�� �&�B 4�� ����T n3��) 4���/ &.�9 4A��
 &% ����) &% #�)
0���$T ( �?�) 4i�b ����D n3�)�\4� !��% 2�;&% ��� .%.D

 4�� @��G� q��$�  0����$T ( �?��) 4�����f �����D 	��< #�) ��3%
J.���f 4� ��/�< 2��.3 2�3 2��3�6��T 0���A.?�$� ����9 �� ���3%

4A.�� �&�B 	�A�U� 2��? �& %.B 2���� < 4A.�� 2�3��� .���) ���
 &% 4���;� ���;��= ���/ 0�����$T ( �?���) #��) 4����L�� �� �����% N���9

 �?�) 4i�b ����D 	�<  ��$�3 4A.�� 0��A.?�$� 0����$T ( ��D&
J.���f #? 2��.3 2�3 4� n3�) 2���6GC &.9 .�?�� 

Z������F�� s#& ?�#�j�� 
J.���f +�,G< &% #) 2%&�.� �� -� � 2��.3 2�3h	��� �I +,�D

 &.$)�& 4���3 &�$B�� (	�� 4�� 4����3 ���;.HB ���� �����.<
@o����)� @������ ( -�A(&����3 2(& ���? #��? 4�����& 0�7$���� �&.��;

.��D�? &�Of�I� 

Z���Y�<��#�.�& �#�j�� 
!��D �)j %&�.� #? #/.< �? 0���&  4,�A(&���3 n��< ���E� 4���.�=

4����f 4��OdR#�< @��� ( 2��� J.����f +�,�G< &% 4���G� 2��3
��&�% 4���� n7� 2��.3��OA ����? #�) ��.�D *��M$�� 4���3&.$)�&

< �& +��.= ��� ����.$?����) ��� ]u\[.
���E� q���& #$��.�T 2��3&.$)�& +�?�7� &% #$�.�T�� 2�3&.$)�&

J�U� �LA �< 2���? 2�$G�? 	��?�b����8��7< .���&�% +���.= ���� ��� 
J.���f '�6< &.$)�& &% @.�)�< 2��.3 2�3SBR .	��� #�$��f +,D

4� �T �< &.�$)�& &�$B��� 	��f #L�$� @�.<�2%���� ��I ��? 2.��A�
% 4?�,�� :6L< ( :��� @���/%&�% &.$)�& &]Q[.

Z���Z�<��#�. �#�j�� 
2��.3 #A.���f �LA +�,G< 2��? #$��f �&.; ��UA�i� �Z)� &% ��

&.$)�&SBR !�D !%��$�� 4���L�� �� .	��� @����/ 2��3&.$)�& #�)
2�3&.$)�& #? 	8�� #$�.�T SBR q��& 4�� ��< W(& �$����  ���D�?

+,D J.���f 43% 2&(���� ���� #U��.< 2���? #$��.�T @����/ &% ��3
 2&(�P 2���	��.

&% 2��.��3 @���D #��A.���f #��) ����%�% @���G� @�&���,63 ( �����G�)
 @���/ &.$)�&#$�.�T �	��� ��OT @�,�� ��� ]uS[&.)O�� &.�$)�& .
 2&�) 0L
 �?�/Su%&.�� y����.�� �� !��D 4��d *`�P�� ( �$�A

!�F? .	��f &��b 2&�%�? n3(oT &%  &.1O�< 2�3&.$)����? &�Of��I
2��.3 @�D #A.���f 4�i� 2&�Of&�? ��E�p&%  43%�.�3 	=��� (

�E� %&.� &.$)�&	�� !�D 4�&�? 4�i�� 2&�Of&�? 4�&�? 2��? . 
�� 	�6) ����/\��<u2���? ( �(& ��? :�?�� ��$� ��? c�U,� ��$�

43%�.3 	=�� 4�&�? ���? @� &��7�u/\��<�/\#�7�b% ��? ��$�A
 0�E�<D	=��� ( 4�i�� 2&�O�f&�? n������ #) %�% @�G� q��$� .�

43%�.3 <�#? ��I J.���f +�,G< �? 4���� 	��;�B ��?  2��.�3 2��3
#��< %&�% 0$����� �� !����)��T ���LA @���D #$���D ( "���? 4����G�.���F��

#? ���w63 @����/ ��? &.�$)�& g.�� (% #���7� &.E�� y�&.�B 4�3% 
!&(% ( '(��� 2�)SBR!�F? &.$)�& g.� (% �� ( 	��< .��%�) 2&�%�?

y�&.B 	A�
 (% �3 J.���f ��HMG� 43% #< ( 2��.3 2�3 4���G�
 &% !��D +;�
 q��$� �? g.P.� ��� ( 	D��� ����,� �? 4<(��< �F��

 [b��$�  4�8b ��7�7�<  @� +��A% #1 %.? *`�P�� @%.�? �(���$�
 2%(&(%.? 4A� *`P�� y�&.B #) 4Ub.� . 	��� !&(% @����/  2�

&%SBR 4������f ������D %���L�� K��=�?R2����� ( &.��$)�& &%
2�$)�? �D& �� 2��f.�/ #$D& 2�3 #? #) 2� #�< 4�?�M� &.�9 4���G�

< 	�< �& �LA�4� &��b ��I 4�  ��3% 2%(&( y�&.�B ��f� J�
 .%.D
�̀ ��) *`P�� �D�? 4A���d (#UA�i� ��� &%) N�; �����D �� �E�

y�&.B 2�$)�?  43% #$�D& 2��3 ���� &% ����
 #���%� &% @�.<��� 2�
4� ����D < ����?��? .��D�?�y�&.B 2.�A� ��I @��D #�A.���f�? 43%

.�G� !��% #UA�i� ��� &% 2��.3 

Z���[���A�#�j�� �� <��I6 W$�SBR 
@�&�,63 ( ���( ���D �$���f &���b +��� 2(& ��? ��7�< �? #���M<

 -��%�� &.�$)�& ����T #? #��M< +�� #C �3 #) ��%�% @�G� ��D�? ��< 
J.�����f :����� 2��.��3 2���3 ��.��D 4��� +�,��G< ���< ]ut[.���? ���F��

!�F? 	8�� �? &.$)�& &�FC �� 2&�%�? 4�6L
 2��3 0�L
 	8��� #�?)
4� #$�f &.$)�& 0L
 +) #? #��M< +�� 2"�? #�? %.D ����% �&��8=

!�D #$D�%�? :��� 0L
 #< @��� @���T &% 0�L
 #? 	8�� &�7� 4��G�
 
1 Aerobic Upflow Fluidized Bed (AUFB) 
2 Surface Loading Rate 
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(&.$)�& &�)t\��<�\���� J(��/ &% !��D ��)j q���$� #�? ��;&%
4� �(& #? e.?�� #) �����& '�%.?.

O?	;ZRJ.���f 4,���� _�.B +�� �? �3 �(��$� �(�B 2�3]ut[

|
7� 9"(& 
C�F�9

d�	C�� ��	C�� h�	C�� Z�	C��

S±t S±� S±St S±t\

'�" @��� ���

@�D �3�
 §��?

J.���f (�(&)

S±�� S±�� t±�� S±�t
W�B �;&%

!�D #$D�%�? 

t/\±u/] t/\±�/u S/\±�/� u/\±�/�
���/ ���� @��� 

(�(&)

@�63 �� #) &.9 J(��/t 4�6L
 	8��� n������ ��? 	�����T
 @���� ( �$�G�? ����/ ����� @���  n����� !�D #$D�%�? W�B �;&%

 '�"J.���f +�,G< 2��? 4� n3�) �3 g(��D �� �(& (% �� �U? .�?��
J.���f  &�) 4�6L
 	8��� �? J(� &.$)�& &% 2��.3 2�3�\��;&% 

	8��� ��? '&��FC ��< '(% 2�3&.$)�& &% #,�A�
 &% ���D �3�
 2��3
c����<�< #���? 4���6L
�\ Q\ t\ ����;&% �� ����U?� St(t\�(& 

J.���f 	8��� ����?���? .���D !�3�G� �3 �<"��? 4�6L
 2��3 2���? 
J.���f +�,G< � �3h�I	����� �? !(`= . &% ��LA 46L
 zB�D
 46L
 	8��t\�;&% u	8��� &% �
��$� &��7� �?��?�\��;&%

	��.
#< 	=�� +b��
 4?�,�� 	�U6/ #) 4��G� ��D�? #$D�% ���? ��<

#< 2��? !�D ���U< @��� �� �T 4��G� 0$���� �� 4�/(�B +��� ��
#$�D ?  ��.G�#+b���
 .%&�% #�i?�& 4�6L
 	8��� ��? 0�7$�� &.9

#< 	=�� #< 	=�� �� �<"�? ���? 4��G� ��< ��D�? ���U� �LA 4��G�
!�D ���U< @��� &% ( !��D �&��B 0$���� �� 	�� &�$B�� �? �LA

J.���f �7� #< &% "�? 4����.< #) 4��3 4b��? 0$���� &% ��&�% 4��G�
.����6? 

@.� #) �D !��% #? 0���) #E
`� +?�b &.9 J.����f &% 2� 2��3
	8�� &% 2��.3 4�� ���T :6L< �<"�? 46L
 2�3 ��? ����w63 .���)

 4��T ���A.<  46L
 	8�� n����� ���� 4A.��� �&��B 2�3��&�)���
 n�����4��?��4�T �? 0���) . !�D c�)�< 4A.�� �&�B 2�3��&�)��

0���) +T +�,G< (R4�T +�,G< &% #) ��&�)�� ( 2��U? #� &�$B��
J.���f &����T � 2��.3 2�3h4�  	�� �I .�3% 

Z���h��#�j�� �VB <� s�:6�� 9"(& 
&% �T 4�G3(oT &.�$)�& &% #�) %�% @��G�SBR 	8��� n������ ��?

 J.����f +�,�G<  ��ib #? g��<&� �$�G�? 2��.�3 2��3 4�� %.�D]Q[.
( e`$�B� n������ c8�� &.�$)�& ��ib #�? g���<&� 	8��� n�����

 @� J��7$�� &% %.�8F? ( @o��)� J`��� 4�� %.�D 4�.$�� &.�$)�& &% .
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