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Ã|Ì°q   
/Å|/¿Z/¼//�a ½Á�§Y�Á� |/Ì·Âe Ä/] Ä/mÂe Z/]Z ½{�¯ Y|/Ìa Ä/ //�Âe µZ/u �{ ÉZ/Å�Â//�¯ �{ �Â//�z] Ê·M É

ÃY�¶u .d�Y Ê�Z�Y �ZÌ�] É{�°ËÁ� É�Æ/� |»Zm ÉZÅ|¿Z¼/�a �Y �z] ¾ËY Ä] Ê³|Ì/�� ÉY�] \/�ZÀ» ÉZÅ
ÄÌ¨/�e �{ ª§Â» É�Â·ÂÀ°e ®Ë ½YÂÀ� Ä] É�YÂÆÌ] º/�Å |ÀËM�§ ¶¼� ½ZÆm �Z¬¿ �j¯Y �{ ZÅ|¿Z¼/�a ¾ËY É

  .d//�Y Ã{�¯ �Y  �Z³ÂÌ]Ê»½YÂe  Y�]  ÄfÌ//�Ë�f°·Y É��¿Y |Ì·Âe É¬¿ Á ¶¼u dyÂ//� ZË Á  |Ì·Âe º//�Å �Y Á ¶
Ê^¿Zm µÂ�v» ÊÀ Ë ,Ã|�   ¶�Zu {Â¯ ½YÂÀ� Ä] |ÀËM�§ ¾ËY �Y Ê» Ã{Z¨f�Y É��ÁZ�¯  |ÀÀ¯ ¾ËY ¹Zn¿Y Z»Y .

¶»Z� ÊËZ�ZÀ� Ä] |ÀËM�§ÉZÅ Ê³�ËÁ ½Âr¼Å Ê¨¸fz»Ã�Y|¿Y ¶»Z� |¿Z¼�a Ê°Ë�Ì§ ÉZÅ ,Ê·Z´qÁ cY�} É
Ê³�ËÁe ÉZÅ  É�ZfyZ/� Á Ê^Ì¯� ½Z¼fyZ/� Ê/���] Ä¸¼m �Yq ,¾ÌXeÁ�a ,cY�|ÌÅÂ]�¯ Ê¼Å ,�·Â¸/� ,Ê]�

  ¾ÌÀ´Ì· Á �·Â¸//�Ê³�ËÁ Á  �Y|¬» ¶»Z//� ÊËZÌ¼Ì//� ÉZÅpH Á d]Â�� ÉYÂfv» ,  ÊeZÌ¸¼� ÉZÅ�f»Y�Za �´Ë{
ÄÀÌÆ] �Á{ Á Ê¼/� Á É~¤» {YÂ» ÊËZ/�ZÀ/� Á �Âf¯Y� �{ d»Z«Y ½Z»� ,Z»{ ½Âr¼Å|ÀËM�§ µÂ� �{ ZÆ¿M É 

Ê».|�Z]  
  

:É|Ì¸¯ cZ¼¸¯  
É�YÂÆÌ] º�Å, �Y~³�ÌiZe ¶»YÂ�,  Ê°Ë�Ì§ ÉZÆÌ³�ËÁ ÁÊËZÌ¼Ì�,ÊeZÌ¸¼� ÉZÅ�f»Y�Za.  

  
*µÂX�» Ã|À�ËÂ¿  
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 É�Æ� |»Zm ÉZÅ|¿Z¼�a Ê·M �z] É�YÂÆÌ] º�Å |ÀËM�§ �] �Y~³�ÌiZe ¶»YÂ� ¾Ë�f¼Æ»  

    
Ä»|¬»  

       Ã{Y{» ½Z/�¿ ZÅÊ|ÀÅ{  {Á|u Ä¿ÓZ/� Ä¯ Ë® ) ¹Â/��¬e ËZ^  3/1  »Ì¸Ì {�Z  (¾e Y~£ {YÂ» ¶¯ �YÊË   É|Ì·Âe
�//�Ze�//� �{n¿� ¦¸fz» ¶uY�» �{ ½ZÆmÌÃ�É »ZeÌ¾ Y~£ {YÂ»ÊË » �|ÅÊ {Á�  {Z//�f«Y cÔ°//�» ÁÉ, 

� Ëd//�v»Ì�Ê  �Z¼fmY ÁÊ  Y Ë {Zn  »Ê|À¯ .Y ,�//�Zu µZu �{ ËcÓZÃ|vf»   Ä¿ÓZ//�35  »Ì¸Ì½Â  Z//� ¾e Ë  cZ 
Y~£ÊË  ·ÂeÌ|  »Ê,|À¯  ·Zu �{Ê  q Ä¯Ì¾  {ZveY Á ËÄ  Ä·Z/� �Å ZaÁ�Y \Ìe�e Ä]  82 »Ì¸Ì½Â   Á ¾e89 »Ì¸Ì½Â   ¾e

|¿�Y{ ÊËY~£ {YÂ» d§��|Å ]1.[  
     » �Z�f¿YÊ {Á�  Y�§Y Ë� Y� {YÂ» Ë| �Æ/� |»ZmÉ ZË 1MSW ·{ Ä]Ì¶ Y�§Y Ë�  /�¿�Æ/�ÌÀÊ,  {Z/�f«Y Ä /�ÂeÉ   Á

 ¼m |//��Ìd  �^e Ä] Á Ê§�//�» ÉZÅÂ´·Y �ÌÌ¤e Á Ê�Z¼fmY ÃZ§� t�//� �ÌÌ¤e Y�§Y Ë�   Ë|]Z  ,�Â//�y Ä] .
Z/Å�Æ//�É  Z/Å�Â//�¯É  Ä/]�ne µZ/u �{ Ä/ //�Âe µZ/u �{É Y�§Y Ë�  ¶/]Z/«ÆmÂeÊ  ·Âe �{/Ì|   Z/Å|/¿Z/¼//�a �{

½Z»�ZÅÉ yYÌ� Y Á Ë {Zn  Ë®  �{ ±��] ¶°�» �§{  Y� {YÂ» Ë| ] |Àf�Å |»Zm2[.  
      ¶¯ �Y É�Æ/� ÉZÅ|¿Z¼/�a·ÂeÌ|  �¬e ,½ZÆm �/�Y�/� �{ Ã|/� ËZ^ 40 Ê·Y 70  % ½M  ÁZuÉ ·M {YÂ»Ê  d/�Ë�

�Ë~a \Ë�ze ·M �z] ½YÂÀ� Ä] \¸£Y Ä¯ d/�YÊ �Æ/� |»Zm Ä·Z]�É  2OFMSW  »Z¿ÌÃ|  »Ê,{Â/�   ½M �{ Ä¯
Ä·Z]�É Y~£ÊË  ¸/�Y �mÊ ] d/�Y3[.  ·M �z]Ê Y� {YÂ» Ë| �Æ/� |»ZmÉ  4/76   �Y %MSW  �/� �{ Ë,Z°¿Ô 75   %

  ,�{Ô´À] �{74 �¿Á|¿Y �{ %É,  6/52 q �{ %Ì,¾ 42 |ÀÅ �{ % Á 46 ¿ZÆm %Ê �Y ¶¯ MSW ZÅ�Â�¯ �{ É 
°//�e Y� Ä/ //�Âe µZ/u �{/Ì¶  »Ê|/Å{]4.[ � e Ë¦  É�Æ//� |/»Z/m ÉZ/Å|/¿Z/¼//�a Ê·M �z] ÉY�] {ÂmÂ» �{

Z/Å�Â//�¯É    ½Z/Æmd///�Y cÁZ/̈f»  ,Y �{/ËcÓZ  Ã|/vf»ی  �»M Ë {YÂ» ¾ËY Z/°  ¯�e ½YÂÀ� Ä/]Ì^Ê  Z///� �Y Ë cZ/   
Y~£ÊË�ËY�Ìa �Y ¶/�Zu ÉZÅ|¿Z¼/�a, Á ¡Z]  |WY� {YÂ» ~£Z¯É » Äf§�³ ��¿ �{Ê {Â/�]5[,  {ZveY �{ ËÄ ZaÁ�Y 

ZÅ|¿Z¼�aÉ  Ä·Z]� Á ¡Z] ,­�ZaZÅÉ Ä¿Zy�b�M  Ê» ��¿ �{ É�Æ� |¿Z¼�a Ê·M �z] ½YÂÀ� Ä] Y�|¿�Ì³.    ª^�
��¿ Å/ÌcZ  ]Ì¾f·Á{Ê  Ê¿Z/Æm  ¤e ¶/¼ ·Y�Âf//�{ {�Â» �{ÌÌcY�  YÂÅ Á [MÊË  OFMSW  ¯�eÌ^Ê  Ä/·Z/]� �Y Z/Å É  

´¿Z/yÊ,  Ä/·Z/]�Z/ÅÉ  �Z/neÉ¿Z/³��Z/])Ê   {Z/Æ¿ / (É,  ) ¡Z/]u/Ì�Z(  Ä/·Z/]� ÁZ/ÅÉ  d//�Y ­�Z/a   Ä/̄  ¶/»Z//� ÓÂ¼ »
Y~£ |¿Z¼/�a)ÊË /�Zu cZ ËZ/� Á¶  Ã{YÂ¿Zy �Y½Y�Âf/�� Á ZÅZ/� ,ZÅ ËÄ¿Zy�Z¯ cZ ZÅÉ �ÁM�§É ,Y~£   cZ ËZ/�

�ËY�Ìa ·Âe .d/�Y ­�Za Á ¡Z]Ì|  ¯�e ÁÌ\ Y�/� Ä] Ä·Z]� Ë�  YÂÅ Á [MÊË,  §Y�¤m Ä¬�À»ÌZÊË, ZÅ{�Y|¿Zf/�YÉ 
³|¿�Ê, �eY�f�Y ,¶�§É  �¼m�ÁMÉ ·Z § Á Ä·Z]�ÌdZÅÉ ¿Z�¿YÊ ´f�]Ê  {�Y{]6.[  
       Y �§{ ¶°/�» Z] ZÆÀe Ä¿ ZÅ�Æ/� ,�/�Zu µZu �{ Ë¾¼ »� ½{Â] ��f/�{ �{ Á Ä·Z]�Ì¾ Y�] \/�ZÀ»É  ¶Ì§|À· 

 Ä·Z]�Ä]Á� Ã{Â] Á�Y�§Y Z] Ä°¸] , Ë� Z/�Z¬e ¹ÁY|»É  ��¿YÉ  �Ì¿ |Àf/�Å ÄmYÂ». �Â·ÂÀ°e Äq�³YÉZÅÉ  ¨/�eÌÄ 
e�Y�uÊ  a |/À¿Z/»Ì·Á�Ì,�  �Z/³É�Z///�É  » ½|/¿Y�Â//� ÁÊ|/¿YÂe  ¶/]Z/« �Â� Ä/]ÆmÂeÊ  nuº     Ä/·Z/]�  �ÅZ/̄  Y�

»Ê|ÀÅ{ �Z] Á Ë]ZÊ ��¿YÉ Y�§Y Y� Ë� Y Z»Y ,|Å{ Ë¾ �Â·ÂÀ°eÉZÅ ¼ÅÌÄ//�  m�eÌ t ¼¿ Ã{Y{Ê|¿Â//�  � ËY�  Y�]É  
Ä·Z]�ZÅÉ À]�¯Ê £ �{ ,|Àf/�Å \/�ZÀ» ®/�yÌ� Y Ë¾  ¶]Z« �Y|¬» c�Â/�ÆmÂeÊ ��¿Y �YÉ   ®/�y µÂ� �{

·ÁY ½|/�ÌÄ » d/�{ �YÊ {Á�  ]7[.  �Z³ ,µZj» ½YÂÀ� Ä]É�Z/�É a ÁÌ·Á�Ì� ¸¯ �Â� Ä]Ê  Y�]É  �Z] Ë]ZÊ ��¿YÉ   �Y

 
1 municipal solid waste 
2 organic fraction of municipal solid waste 
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/�Zy �Â¿Ê  Z/� �Y ËcZ   � |À¿Z» Ëd/�Ã{ÂeÉ  ZÅ|¿Z¼/�a ,¶´ÀmÉ ��ÁZ/�¯É,  f/�ÔaÌ® f/�Ó ÁÌ®   {�Â»

» �Y�« Ã{Z¨f/�YÊ³Ì|¿�   ]8 [Y�] ½|¿Y�Â/� .É  �Z] Ë]ZÊ  ��¿YÉ  �f°·Y Á Z»�³ ¶°/� Ä] Ë/�ÌÄf   �Y  |¿Z¼/�a Ê·M �z]
 É�Æ/� |»Zm» Ã{Z¨f/�YÊ,{Â/�  ¼¿ Z»YÊ|¿YÂe  ~¤» {YÂ»É  ¿ Á �¨/�§ |À¿Z»Ì½�Á�f �Z] Y� Ä·Z]� �{ {ÂmÂ» Ë]ZÊ 

|À¯ .¿ ,½|¿Y�Â/� µÂ� �{Ì½�Á�f  /�¯Y ¶°/� Ä] d/�Y ¾°¼»ÌZÅ|É ¿Ì½�Á�f ·Zu �{ ,{Â/� º³ �¨/�¼eY �{Ê 
  �f�¯Zy �{ Ã{Zf§Y ¹Y{ Ä] �¨�§ Ä¯ �Ì¿�Z] ÓÂ¼ » Ëd§Z ¼¿Ê {Â� ] 9 [. 

    M�§ ,Y|/f]Y �{ Ë|/À ] º//�ÅÊ�YÂÅÉ Ä/ÀË�³ ®/Ë ½YÂÀ� Ä/]Ä/Ì¨//�e ÉÊ°Ë�Â·ÂÌ] É  Y�]É ¨//�e/ÌÄÉ   ¾n·
u {Â¯ ,[Ô/�Z§Ì¿YÂÊ ��ÁZ/�¯ |¿Z¼/�a ÁÉ  |/� Ã{Z¨f/�Y .Á Ä] ½M �Y ½ÂÀ¯Y ËÃ�  ZÅ�Â/�¯ �{É  aÌÄf§�/�   Y�]É  

 Z] Ä¸]Z¬»É�Æ//� |»Zm ÉZÅ|¿Z¼//�a Ê·M �z]  ¬» �{Ì�Z //�ÁÌ Ê     É�Â·ÂÀ°e ¾Ë�fÆ] ½YÂÀ� Ä] Á Ã{Z¨f//�Y
»Ê] {Â//�10·{ Ä/] .[/Ì¶  »YÂfvÉ YÂfv» ,ÓZ/] d/]Â��É   ,½Z//�M ½{Â] ��f//�{ �{ Á ÓZ/] �Y�§ |/»Z/m {YÂ»

OFMSW   Ë® /�]Y�] \/�ZÀ» �fÉ  ] º/�ÅÌ�YÂÆÉ  ] º/�Å .d/�YÌ�YÂÆÉ  /�¿ZfaÌ¶  |^e Ë¶    Ä] ½|/� Ë®  �^À»
��¿YÉ  |ne Ë~a| Ë� Zm Ë�´ Ë¾  ¶]Z« Á» Ä¯ {�Y{ Y� {Z¼f�YÊ|¿YÂe  ZÆ¿ �{ Ëd Zm Ë�´ Ë¾  dyÂ//�ZÅÉ  //�§Ì¸ Ê  

fÀ//�Ê Â//� { ZÅ�Z³ �Z//�f¿Y ÁÉ Ä¿Zz¸³YÉ  ] |Å{ �ÅZ¯ Y�11[Y . Ë¾ Y�» �Á� ËZÉ  {| f»É    Ä] d^//�¿ Y�
¾§�ÁMÉZ/ÅÉ  { Ë,�´  ¿ |/À¿Z/»/Ì�Z ��¿Y Ä/]É  Z/aÌË¾  Y�]É  ·Âe ,��Y{�a/Ì| º//�Å Z/a/Ë�Y| �Z/] Á Ã|//�/Ë]ZÊ   ��¿YÉ  

Ã{Z¨f/�Y ÉY�]½Â³Z¿Â³ ÉZÅ  Ê» ÄWY�Y Y�ºÅ Á |Å{¾ÌÀq »Ê|¿YÂe  ¶]Z« �Â� Ä]ÆmÂeÊ �Z]a ÉZÅ|¿Z¼/�·MÊ 
¶/v» �{Z/ÅÉ  |/Å{ �ÅZ/̄  Y� Ä/·Z/]� ¾§{, f¿ �{ÌÄ/n  /Ë®  �³ ËÄ/ÀÉ |/» Ë�/Ëd  Z/a/Ë�Y|  Y Ä/·Z/]� Ë {Z/n  »Ê|/À¯  ]12 [  .

Y �] ÃÁÔ� Ë,¾  Z/Å�Z/³ ¾fyY|/¿Y ¹Y{ Ä/] Z/]É  Ä/¿Z/z¸³YÉ ·{ Ä/] Ä/̄/Ì¶  ¸ze/ÌÄÉ �fÀ¯µÃ|//�¿  Ä/·Z/]�Z/ÅÉ  ·MÊ   w�
»Ê,|Å{ »Ê|¿YÂe  ¶]Z« �Â� Ä]ÆmÂeÊ � cY�iY Ëd//�v»Ì�Ê  ]¿ZÆm ½|//� ¹�³ �Â//�zÊ YÂÅÉ  Ã�¯É  

»�Ì¾  �ÅZ¯ Y�Ê».|Å{ 

É�YÂÆÌ] º�Å |ÀËM�§  ZË3AD  
    ]{YÌcZ ¼¸�Ê » ½Z//�¿Ê|Å{  Ä¯AD Y�Y{É �fÆ] Ë¾ ZÅ{�°¸¼�É  � Ëd//�v»Ì�Ê   {Z//�f«Y ÁÉ  » �{Ì½Z  
�³ ËÄ/ÀZ/ÅÉ ] ½Z/»�{ ¦¸fz»Ì�Â·Â Ë°Ê  OFMSW  d//�Y .M�§ ,Ä//�Ôy �Â� Ä/] Ë|/À  AD  |/̂e/Ë¶ ]Ì�Â·Â Ë°Ê   Á

�ne ËÄ ·M {YÂ»Ê YÂÅ ZË ½�Ì/�¯Y [ZÌ£ �{  ] Ä]Ì�Z³Â     Ä¯ Ê¸/�Y µÂ/�v» ½YÂÀ� Ä]�Â¸z»Ê  ) ½Zf» �Y50  -  
70 (%   ÁÉ{ ¾]�¯|Ì/�¯Y)30  -  50 (% ³ Á|Ì¨·Â/� ½�Á�|ÌÅ |À¿Z» �´Ë{ ÉZÅ�Z   �ZÌ/�] �Y|¬» Ä] [M �Zz] Á

  º¯  Á��¿Y ���YÉ  5/5  Ê·Y 7 ¯ÌcYÁÂ¸  \ °»�f» �] d�Z/�  d/�Y.  AD  �¼m ¶»Z°e Z]�ÁMÉ  ]Ì�Z³Â    �/�Âe
/�]Ì�ZÉ d¯�/� ,½Z¬¬v» �Y½Z»�Z/� Á ZÅZÅÉ  f·Á{Ê  ·{ Ä]Ì¶  Y�» ËZÉ � {| f» Ëd/�v»Ì�Ê  Â/�e Ëª  Ã|/�  

d/�Y.   ,®Ë ¶°/� Z] ª]Z�»º/�Å ��§ µÂ/�v» ½YÂÀ� Ä]Ê  ³ �/�ÂeÃÁ�  �ÂÀf»Ê » �YÌ¿Z³�YÁ�°Ìº/�ZÅ ^je Ìd  
»Ê {Â/�  Ê» Ä¯Ã|ÀÀ¯ sÔ/�Y ½YÂÀ� Ä] |¿YÂe   ÁÃ|ÀÀ¯ dËÂ¬e {Â/� ÊËZÌ¼Ì/� ÉZÅ{Â¯ ¾Ë�´ËZm ­Zy É  .

Àr¼ÅÌ¾  �³ ËÄ/À  AD  �fÆ] ½YÂÀ� Ä/] Ë¾  �³ ËÄ/À  Y�]É  ·Âe/Ì|  ]Ì�Â·Â Ë°Ê  » Ä/f§�³ ��¿ �{ ½Z/f»Ê {Â//�  ]13.[  
/�¯Y d/�Âb¼¯Ì/�Y|Ì½Â  �YÂÅÉ  ��¿Y .d/�Y �f/�]É /�¯Y µÂ� �{ Ã|/� {Y�MÌ/�Y|Ì½Â  �YÂÅÉ f¸�Ê  Y�]É  

Y�§Y Ë� Y Ä] ÄmÂe Z] .d/�Y Z»{ Ë¾ ��¿Y ¥ÔeYÉ  ¿ ÁÌ�Z ��¿YÉ   §Z/�YÊ  Y�]É  »ZeÌ¾ �YÂÅ d/�Âb¼¯ ,YÂÅÉ  �{
Ä¸/�¸/�|» \eY�» Ë� Ëd  Ä·Z]�ZÅÉ  ·MÊ,  ZaÌË¾�e  ] d/�Âb¼¯ �YÊ�YÂÅÉ » �Y�«Ê³Ì {� Z] .Y Ë¾ ¨/�e ,µZuÌÄ 

]Ì�Â·Â Ë°Ê OFMSW  �� �Y ¾´¼ÅZ¿ Ëª Y�Y{ d/�Âb¼¯É  {Á|v» ËdZÅÊË  ¯ ��¿ �YÌ¨Ìd ZaÌË¾   ,d/�Âb¼¯

 
3 Anaerobic digestion 

449



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
Y�] �Y�Z] ½{Â^¿ ��f/�{ �{É  ZÆ¿ µÂ/�v»ÊË  /�¿Zfa Á d/�YÌ¶  §� »Ê ´À/� cY�¸§Ì¾ n¿� Ä]ÌÃ� Y~£ÊË   ½Z/�¿Y

 {�Y{ Y�ÄÀË�³ ¾Ë�fÆ] É�YÂÆÌ] º/�Å ¾ËY�]ZÀ] ,¾°¼» Ê¿Z»�{ É    \eY�» Ä¸/�¸/� �{ �f/�Ì] dÌ¼ÅY ÉY�Y{ Á
|¿Z¼�a �Y|ËZa dË�Ë|» d�Y]14 .[  

 
 

  
            

 
 
 
 
 
 
     
 
 
 
  ¶»YÂ��] �Y~³�ÌiZe É�YÂÆÌ] º�Å |ÀËM�§  

• Ê³�ËÁ Ä·Z]� Ê°Ë�Ì§ ÉZÅ 
       É�Æ� |»Zm ÉZÅ|¿Z¼�a Ê·M �z] Ë®  ZÅ Ã�Y|¿Y Z] cY�} �Y ¾´¼ÅZ¿ �Â¸z»É  �ze .d�Y ¦¸fz» Ë\ 

]Ì�Â·Â Ë°Ê �� �Y Ëª AD � |u Ze Ë {ZÉ  Y�] ��f//�{ �{ t�//� Ä]É �f¯Z] Ä¸¼u ËZÊË ´f//�]Ê   Ã�Y|¿Y .{�Y{
±��]uZ¿ ,cY�} �eÌÄ  v�//�Ê » {Á|v» Y� {ÂmÂ»Ê|À¯ ¸]Z« Ä¯Ìd � Ëd//� �ze Ë\ ~a Ë�É OFMSW  Y�

» �ÅZ/̄Ê|/Å{ Å Á/Ì·Á�|Ì�   Ä/] Y�½YÂÀ�  /Ë®  Ä/̧u�»É   ÉY�] |/À¯ Á Ê¿ÓÂ�  ¶/Ë|/̂e É�YÂÆÌ] º//�Å,|/À°Ì»  
Y�]ZÀ] Ë¾ Y�] Ã{Z¨f/�Y �Y ¶^« d/�Y ¹�Ó ,É  AD � , Ë³|/��Ê  Â/� ¹Zn¿Y ½M ½|/� {�y Á { .[15]Z] Y Ë¾  ,µZu

] �ÅZ/̄Ì� cY�} Ã�Y|/¿Y �{ |/u �Y    Ä/] �Y �f¼¯7 /0   �f¼Ì¸Ì»»Ê|/¿YÂe  Å/Ì·Á�|Ì�  ] Y� Y�f//�]Â//�Ì�   |u �Y
�/�e Ë �  °/�e Ä] �nÀ» Ä¯ ,|À¯Ì¶   �Y�§ [�q ÉZÅ|Ì/�Y¿Â»M ÁÌ­Z  »Ê {Â/�  » Ä¯Ê|¿YÂe  ZaZ¿ Y� �Âf¯M� Ë�Y| 
|À¯ .[16]  Y �] ÃÁÔ� Ë¾ ·Z´q ,Ê ¯�e Ã|ÀÅ{ ½Z/�¿Ì\   ÉZÅ|¿Z¼/�a �¼m�ÁMÉ  �eÓZ] .d/�Y Ã|/� Ë¾   º¯Y�e

ZÀ » Ä]É ¼¯ �Y|¬»�f   Äf//�YÂyZ¿  {YÂ»½Z//�¿ Á º//�ZÅ �f//�] �{Ã|ÀÅ{�z] É   ÉY�] �f//�Ì] [Â��» Á Ê·M
Ê» É�Æ/� |¿Z¼/�a  .|/�Z]  º¯Y�e Ã{Á|v» ËZ  /�¿Y{ÌÄf OFMSW   �Y328   Ze1052  ¯Ì¹�³Â¸ ¤f» \ °» �f» �] Ì�  

d�Y.[17] 
• Ê³�ËÁ  Ê^Ì¯�e|¿Z¼�a 

       ¼Å , �·Â¸/� �Y|¬»Ê · Á �·Â¸/�ÌÀ´Ì¾  É�Æ/� |»Zm |¿Z¼/�a Ê·M �z] e�e Ä]Ì\   �Y 7/10-12  ,5/5-5 /17  
 Á4/5-6/9٪  cÁZ/̈f» d//�Y  . {�°¸¼�  ½Z/f»  �{   ËM�§|/À AD Âfv» Ä/] c|//� Ä/]/ËcZ  »ÌÁ�°   |/À¿Z/») Z/Å µÂ°·Â»

ÅÂ]�¯ÌcY�|XeÁ�a ,Ì¾]�q ,Ê ¼Å , �·Â¸/� |À¿Z») ZÅ µÂ°·Â»Á�¯Z» Á (¾£Á� ÁÊ · Á �·Â¸/�ÌÀ´Ì¾´f/�] (Ê 
//� .{�Y{ºÆ    Ã|¼�É Y~£ |¿Z¼//�aÊË   �{OFMSW  » h�Z]Ê {Â//�  M�§ Ë|À AD » Ä] d^//�¿ÌÁ�°µÂ°·Â»  ZÅ
�Z/�uY Z] .{Â/� �e Ë¾ · �z] ,µZuÌ�·Â¸/�ÂÀ´É    |¿Z¼/�aY�§ Ë|À ¼Å ,�·Â¸/� �Y|¬» Ä] d^/�¿ Y�Ê�·Â¸/�   Á

·ÌÀ´Ì¾  �Z�u �e »Ê|À¯.[18]    

 ¶°�1 É�YÂÆÌ] º�Å |ÀËM�§ .  
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       �·Â¸/� Ë®  ¸aÂ¼ÅÊ  �Z¯Z/� Ë| £Ì� ÄyZ/�YÉ  n¿� �/�Âe Ä¯ d/�YÌÃ�ZÅÉ ¿ÓÂ�Ê   �YZÅ|uYÁÉ    �¯Â¸³

a Z] Ã|/� ¶/�f»ÌZÅ|¿ÂÉ  /�¿ÓYÁÂ¯Ê Zf]°/�eÌ¶ »Ê {Â/�n¿� .ÌÃ�ZÅÉ a �/�Âe �·Â¸/�ÌZÅ|¿ÂÉ  ÅÌ¿�Á�|Ê  Á
¿ÌZÅÁ�É  |¿YÁ�  Ä] �·YÁ Ë|° Ë�´  » ¶//�f»Ê|¿Â//�   § ZeÌ�^ Ë¶  ZÅÉ �·Â¸//�Y� a �Â//�u .|¿�Z//�]Ì ZÅ|¿ÂÉ  

ÅÌ¿�Á�|Ê /�/�¯ ¹Z°vf/�Y �·Â¸/� �{Ê  �]Y�§Y Y� �e Ë�  »Ê|Å{ �] Á] Á [M �{ Y� �eÌ�f/� µÔuZÅÉ ·MÊ 
» µÂ¸v»Z¿Ê {�Z/�Äf/�� .ZÅÉ ³ dÆm �ZfyZ/� �/�Y�/� �{ �·Â¸/�Ì�É  eÁZ¨f»Ê   t�/� Á{ Ä] �nÀ» Ä¯ |¿�Y{

/̈f»cÁZ uYÂ¿ �YÊ  » �Â¸^eÊ {Â//��Â¸] :É  )�Â¸] Ë´ÀÊ  (ÓZ/]) ¥�Â»M Á�Â¸] Ë´ÀÊ  Z/aÌË¾(�Â¸] . Ë´ÀÊ   Ä] �·Â¸//�
¸/�Y ¶»Z� ½YÂÀ�Ê Å d��/� �] �iÂ»Ì·Á�|Ì� AD » Äf§�³ ��¿ �{Ê {Â/��ne . ËÄ � Ëf/�Ê  Y�§Y Z] �·Â¸/� Ë� 

¸^e �yZ��Â » �ÅZ¯Ê Ë|]Z.[18]    
     ¼Å  Ê ½YÂÀ� Ä] �·Â¸/� Ë®  § �¿Z»Ì� Ë°Ê  » ¶¼� �·Â¸/� ¥Y��Y �{Ê|À¯·Â°·Â» ½�Á .Ê ZaÌË,¾  �ZfyZ/�

ÅZ» Á \ /�À»Ìd  ¼Å ¥�Â»MÊ,�·Â¸/� ÅÌ·Á�|Ì� » ½Z/�M Zf^/�¿ Y� ½MÊ {�Z/�Ã|/� Ã|ÅZ/�» .   ¥~u Ä¯ d/�Y
¼ÅÊ ¸]Z« �·Â¸/�Ìd �ne ËÄ ]Ì�Â·Â Ë°Ê  ]Ê�YÂÅÉ   �f/�]Y�§Y Y� Ë� »Ê|Å{. À°eÌ®ZÅÉ aÌ� ¨/�eÌÄ ¨¸fz»Ê 

» Y�Ê Y�] ½YÂeÉ  ¼Å ¥~uÊ  §Z¯ ÄmÂe Z»Y {�] �Z¯ Ä] �·Â¸/�Ê  Y�]É  ³Â¸mÌ�É  °/�e �YÌ¶ Ã|¿�Y{�Z] �{ ZÅ
�ne µÂ� ËÄ  ¼ÅÊ �Á�/� �·Â¸/�É  d/�YÊ» �·Â¸/� Ê¼Å �¯Â¸³ {ÂmÁ �] ÃÁÔ� . lÀa ÉZÅ|À« ¶»Z/� |¿YÂe

ÄÀ]�¯ÄÀ]�¯ �� ÉZÅ|À« Á �ÂÀÌ]Y�M Á �Â¸Ë� É|�Z] �ÂÀ»Y� Á �Âf¯Ô³ É.[19]    
       ¾ÌÀ´Ì· Ë® ¸aÌ�¼  ·MÊ eZ»Á�MÌ®  a ÁÌrÌÃ| ZÅ|uYÁ �/�Âe Ä¯ d/�YÉ À§Ì¶ » �fÀ/� ½ZaÁ�aÊ {Â/�   Á

 Ã{Z» ¾ËY  .d/�Y Ê¼/� �ZfyZ/� ÉY�Y{/� �¬¿Ì½Z¼  Y�] Y�É  ¯�eÌcZ^ �ZfyZ/�É   { Ë�´  )¼Å Á �·Â¸/� |À¿Z»Ê 
(�·Â¸//� Y ËZ¨ »Ê|À¯  { ¹Z°vf//�Y Ze ËÃ�YÂ  ·Â¸//�Ê ³ÌÃZ  »Ze Y�Ì¾ |À¯  �ZfyZ//� . [M �{ µÂ¸v» Á ¥�Â»M �{

 {ÂmÁ c�Â//� Z»{É //�]/Ì�Z   Ä] Y� ½M ÓZ]/Ë® �Z/fyZ//� �mÉ  ]Ê»/Ì¶  Y�]É  �ne/ËÄ  ]Ì�Â·Â Ë°Ê  ]Ê �YÂÅÉ  
|^e Ë¶ »Ê|À¯Ê¸¯�Â� Ä] .  Ë® ´f//�^¼ÅÊ  ] �Â° »Ì¾ � Ëd//� �ze Ë\ ~a Ë�É YÂfv» Á ª¸�»É ·ÌÀ´Ì¾ 

OFMSW   {�Y{ {ÂmÁ.[20]     
     ÅÂ]�¯ÌcY�|ZÅ ¸¯ �Â� Ä]Ê  Y�mY Ä]É  £ Á µÂ¸v»Ì� Ä¬^� µÂ¸v»|À]É  »Ê|¿Â//�.  Y Ë¾  �Y Ze|¼� Y�mY
�m Ë½Z Z� ËcZ   Y~£ {YÂ»ÊË, »ÌÃÂZÅ  » d�{ Ä]ÊM Ë|À   Ä¯�¯Â¸³ ,Äf�Z�¿ÅÂ]�¯ ��Z¯Z� Á �Âf¯Á�§ ,ÌcY�| 
ZÅÉ   �{ Ä¯ |Àf/�Å µÂ¸v»AD /�]Ì�Z �ne ËÄ ~a Ë|Àf/�Å �. � �{Ì¾ ¼Å ,�·Â¸/� ,µZuÊ�·Â¸/�  · ÁÌÀ´Ì¾    Ä]

Y�mY ½YÂÀ�É £Ì¶]Z«�  ��¿ �{ ¶u» Ä/f§�³Ê,|¿Â//�  � ËY� ½MZa Á ¹ÁZ/¬» �Z/fyZ//� ZÅ/Ë�Y|É Y�] Y�É  �ne/ËÄ 
� Ëf�Ê  » ½Z�¿ {Ây �YÊ|ÀÅ{.[23]     

     XeÁ�aÌ¾   Ë®  aÌ|¿Â  �yÊ  a ��Âe Ä¯ d�YÌZÅ|¿ÂÉ  fbaÌ|É  ]Ì¾  ZÅ�»Â¿Â»É  α-»MÌÂÀ    Áα-®Ì¸Ì�Â]�¯  
» ¶/�f»Ê  {Â/�.  Y Ë¾  aÌ|À]�°É  XeÁ�aÌ¾  ·M �m ZÆÀe ½YÂÀ� Ä] Y�Ê ¿ ¶»Z� Ä¯Ì½�Á�f ,d�Y {�³Â³ Á   ¶Ë|^e

Ê»|À¯ .//�]fZÅ�É OFMSW  XeÁ�a �z] Z]Ì¾  ·{ Ä] ÓZ]Ì¶   Ä] d^//�¿ [Â¸�» �Zf§�AD  //�¿Zfa ½YÂÀ� Ä]Ì¶ 
·ÂeÌ|  Y Z] .|¿|/� �z/�» ÓZ] ½Zf» Ë¾  �ne ,µZu ËÄ ]Ì�  XeÁ�a |u �YÌ¾  »Ê|¿YÂe   �nÀ»Ä]  °/�eÌ¶ ¿Â»M Ì­Z  

¯�e Á {Y�MÌcZ^ ¼�Ê ]Ì�Z³Â  {Â�.[24]   
     · �z]ÌbÌ|  { ÉY�Y/�¿ZfaÌ¶    |Ì·Âe¼Å Á �·Â¸/� ,Äf/�Z/�¿ Ä] d^/�¿ �]Y�] Á{ ½Zf»Ê   �·Â¸/�Ê»..|�Z]³�Z]Ì�É 
ÓZ]É  · �z]ÌbÌ| �ZÆ» �iY Ä] �nÀ»É M�§ �] Ë|À » º/�ÅÊ {Â/�µZË� µZj» ½YÂÀ� Ä] Ä¯ d/�Y Ã|/� ��Y�³ ,

�Y~/³�Z/]É  //�Y/Ì| ¼·Z/aÌf/Ì®   {�   t�//�  �eÓZ/]  �Y  1/1 · �{ ¹�³Ì�f    {Á|/u50٪  º//�Å �{  Ã|/¿�Y{�Z/] ¶/»Z/�
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É�YÂÆÌ]  Y�//� �{ Ë�   §Á�»Ì¶ Ê» {ZnËY Y�j¯Y .|À¯Z//� ËcZ   º¯ Z]�e Ë¾ · �Y|¬»ÌbÌ| ] Z] \//�ZÀf»Ì��e Ë¾ 

»Ì½Y�  ·ÂeÌ|    ½Zf»  |Àf/�Å  Äf^·Y ,Y Ë¾ /�YÌ| n¿� [�qÌÃ� |À¸]    \/�ZÀ» �Y|¬» �{  Ë® �Á�/� �/�YÁÉ ] Y�É  
|^e Ë¶ ]Ì�Z³Â d�Y.[17]    
• Ê³�ËÁÊËZÌ¼Ì� ÉZÅ  Ä·Z]� 

pH      Za Ë�Y|É /�Ìºf/� M�§ µÂ� �{ Y� Ë|À  ] º/�ÅÊ�YÂÅÉ  » ½Z/�¿Ê|Å{ ) ZÅ ½Zf»�f¯Z]ÉZÅÉ ]Ê �YÂÅÉ  
°/�e µÂX/�» Ä¯Ì¶ (|Àf/�Å ½Zf»   Ä]pH  /�]Ì�Z  |Àf/�Å �Z/�u  .°/�eÌ¶ ·{ Ä] ½Zf»Ì¶  �{ ZÆ¿�Â¿Zf» |/�� �ÅZ¯

pH ZaÌË¾�e )Y�/� Ë� /�YÌ|É(» ¦«Âf»Ê {Â/�� .Ì¦  /�ÁÌ Ê Z¬» �Y { Ë� pH  Ã{Á|v»�{ É5/6  Ê·Y5/8  ÉY�]  
] º/�ÅÌ�YÂÆÉ  d/�Y Ã|/� ��Y�³ �]ZÀ» �{  Z»Y ,pH Y�] [Â¸�»É  M�§ Ë|À  ] º/�ÅÊ �YÂÅÉ   {Á|u �{ �iÂ»

7   d//�Y.    �{pH º¯�Y �e5/6  ] ÁÌ�f//�  �Y5/8  ½Zf»�Z//�É  Ô»Z¯ » �ZÆ»Ê {Â//�. ¸¯ �Â� Ä]Ê PHY�§Y Z] Ë� 
¿Â»M d�¸£Ì­Z  ·{ Ä]Ì¶  �ne ËÄÉ XeÁ�aÌ¾  Y�§Y �f/�] �{ {ÂmÂ» Ë� »Ê  Ë|]Z Y�§Y Z] Á Ë�    d�¸£  ÉZÅ|Ì/�Y
�Y�§ [�q» �ÅZ¯Ê Ë|]Z  Ä¯Y Ë¾ »Ê|¿YÂe  �§ ¶¯M Ë|À  Y�] .|À¯ �ZÆ» Y�É  Y Z] Ä¸]Z¬» Ë¾  ,¶°//�» Ë®  �]  �e

 §�� Z] ­�f//�» º//�ÅÌd �§Z]É ÁZ³ {Â¯ |À¿Z» [ÂyÉ  //�] Z]» �Â¸z» �fÊ {Â//�  ËZ y�]Ê ¥� » �Y ZÅÉ  
¸«ÌZÊË  |� |À¿Z» Ëº ÅÌ �¯Á�|Ì|  (NaOH)|� Á Ëº ]ÌcZÀ]�° (NaHCO3)» Ä§Z�Y �Âf¯M� Ä]Ê|¿Â�.[21]     

    .d//�Y �Y~³�ÌiZe �ZÌ//�] ÊËZÌ¼Ì//� ÉZÅ�f»Y�Za �Y �´Ë{ Ê°Ë ¶¯|»Zm {YÂ» �Y|¬» ZË d]Â�� ÉYÂfv»  
d]Â��   Ë® u �f»Y�ZaÌeZÊ M�§ �{ Ë|À ~¤» {YÂ» �Z//�f¿Y ½Âq d//�Y º//�ÅÉ    Á µÂ¸v» �f//�]  d¼//� Ä] Y�

¶v»ZÅÉ  �f¯Z] ËZÊË  Y�§Y Ë� »Ê|Å{YÂfv» �Z�Y�] .É   [MAD  »Ê|¿YÂe    �Â¿ Á{ �Y  É�YÂÆÌ] º�Å |ÀËM�§
 Á ®/�y/�Âe cÓZ¬» .|/�Z] [Â��»ÌÄ »Ê|ÀÀ¯    Ä¯  d]Â�� ÉYÂfv»Y�]É  Y�/� Ë� Æ]ÌÄÀ   �{ d·Zu  , ®/�y

60 Ê·Y 75  �{ Á %d·Zu  ��»[Â   ,85  Ê·Y90  ] º/�Å .|/�Z] %Ì�YÂÆÉ   ®/�yMSW   ¥�/�» ,�Âf¯M� ºnu
��¿Y Á [MÉ,  �z]ZÅÉ  º¯ ­�vf»·Âe Á ¾n· µ�fÀ¯ ,�eÌ|  » ¶«Y|u Ä] Y� [Ô�Z§Ê|¿Z��.[22]    ÄmÂe Z]

º//�Å ,º¯ d/]Â�� Ä/] É|/Ì·Âe  ~/¤» {YÂ» d/�¸£É  ÓZ/]ÊË  Y�]Z/À] Á {�Y{ Ë¾ »Ê|/¿YÂe  ÂÆe ½YÂÀ� Ä/]/ËÄ   Ã|/ÀÀ¯
� cZuÔ/�Y ½Á|] ­Zy Ë {Z  Y �] ÃÁÔ� {Â/� Ã{Z¨f/�Y Ëº/�Å,¾ »Ê|¿YÂe  ¬f/�» �Â� Ä]Ìº  d¸a Ä]Y�] ZÅÉ  ·Âe Ì|  

��¿YÉ �� �Y Ëª |^e ©Y�fuY Ë¶  {Â�.[21] 
    ¿ Á ¾]�¯Ì½�Á�f ��¿Y �^À»É  ~¤» {YÂ» ÁÉ  uÌeZÊ Y�]É  » |/��Ì¿Z³�YÁ�°Ìº/�ZÅ  d^/�¿ .|Àf/�Å   Ä] ¾]�¯

½�Á�fÌ¿  C/N)( Z�ZÀ� Ä]ÊË ÅZ»Ìd  ZÅ|¿Z¼�aÉ   §� »ÊÃ|�  ] º�ZÅ �{Ê�YÂÅÉ  » ®¼¯Ê|À¯.   cÓZ¬» �j¯Y
 Ë® Æ] d^//�¿ÌÄÀÉ 20 Ê·Y 30  Y�] Y�É  M�§ Ë|À ] º//�ÅÌ�YÂÆÉ  Ã{�¯ ��Y�³ �iÂ»|¿Y.   d^//�¿ �{  Ä] ¾]�¯

 ½�Á�fÌ¿/�Y ,ÓZ]Ì|É  ] ½|/�Ì�  ·{ Ä] |u �YÌ¶  �ne ËÄÉ �/� Ë � Ä¸u�» µÂ� �{ �f/�]É  ·ÁYÌÄÉ Y�§ Ë|À  w�
»Ê|Å{ ZaZ¿ Ä] �nÀ» Ä¯ Ë�Y|É M�§ Ë|À »Ê {Â//�.[25]  §Z//�Y �Y|¬» �b//�Ê M�§ ¾]�¯ Ë|À  �ze Ë\   |À¯ Y�

� ,{�¯ |ÅYÂy ËY�  ] ½Z»�Ì�f/�É » �/�ÂeÌ¿Z³�YÁ�°Ìº/�ZÅ Y�]É   �{ .|/� |ÅYÂy ¥�/� {ÂmÂ» ¾]�¯ ¥�/�»
·Z/uÊ    d/̂//�¿ Ä/̄C/N  Z/aÌË¾  ½Z//�¿Ã|/ÀÅ{É ÓZ/] d/�¸£É  ¿Â»M/Ì­Z  ¿Ì½�Á�f  M�§ �Y �¿Z/» Ä/̄  d//�Y Ë|/À 

]Ê�YÂÅÉ  »Ê {Â/�Y�] .É  ] º/�ZÅ \/�ZÀ» {�°¸¼�Ê�YÂÅÉ,   d^/�¿C/N  Z] Ë|  �Y15   Ä]30   .|/�Z] d^/�¿ ¾ËY
Ã{Z» �Â¿ Ä]É ·ÁYÌÄ ´f//�]Ê » Á {�Y{Ê|¿YÂe  ¤e Z]ÌÌ� � Á{ �ÔfyY d^//�¿ ËÓ� ËÄ  d^//�¿ Z]ZÅÉ  Za Á ÓZ]ÌË¾ 

Ê» ½�Á�fÌ¿ Ä] ¾]�¯|¿YÂe  {Â� �¨u [Â¸�» t�� Ze.[26]  
• |ÀËM�§ ÊeZÌ¸¼� ÉZÅ�f»Y�Za 
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      Z/»{/Ë®  ¤f»Ì�  u/ÌeZÊ    �{AD  �Â� Ä/] .d//�YÉ   {Â»�e µ{Z/ e Ä/̄ Ë»Z/ÀÌ°Ê  �À¯YÁZ/ÅÉ  ]Ì//�ÂÌ¼/ÌZÊË, 
/�ÌfÀÌ® M�§ Ë|À ,Za Ë�Y|É, » |/�� d��/�Ì]Á�°Ê,  » �ÂÀeÌ¿Z³�YÁ�°Ìº/�ZÅ ZÆ¿ �{ Á Ëd  Y� ½Zf» {�°¸¼�

dveiZeÌ�  » �Y�«Ê|Å{Ã|/� �z/�» .] º/�ZÅ Ä¯ d/�YÊ�YÂÅÉ   �{Z»{É  ¶«Y|u20 Äm�{É f¿Z/�Ì {Y�´ 
Z»{ ZeÉ   �j¯Y|u60 Äm�{É f¿Z/�Ì {Y�´ » ¶¼�Ê|À¯ .�ne ËÄ~a Ë�É OFMSW   Z]½Z/�Â¿  ¤e Z»{ÌÌ� »Ê|À¯ .

Z»{ �Z/�Y�]É  ¸¼�ÌeZÊ, M�§ Ë|À ] º/�ÅÊ�YÂÅÉ /�{ Ä/� Ä]Äf  /�¬e ¦¸fz»Ìº  »Ê {Â/� ,Z/� Ë §Á�°Ì¸® )~ 20 
Äm�{({Y�´Ìf¿Z/� É §Á�» ,Ì¸Ì® )~ 35  Äm�{({Y�´Ìf¿Z/� É §Â»�e ÁÌ¸®Ì )~ 55  Äm�{  .({Y�´Ìf¿Z/� É]Ì�f/� 

M�§ Ë|/ÀÉZ/Å  ] º//�ÅÊ�YÂÅÉ Ã{Á|/v» �{Z/ÅÉ  Z/»{ÊË   §Á�»Ì/̧Ì®   §Â»�e ÁÌ/̧Ì® » w�Ê|/Å{    ÁY�//� Ë� 
Z//� Ë §Á�°Ì¸Ê  ·{ Ä]Ì¶  ·ÂeÌ|    ½Zf» �f¼¯m�eÌ t  Ã{Y{¿¼Ê {Â//�.  Z»{ �{É  §Á�»Ì¸Ê, M�§ Ë|À Za Ë�e�Y|   Ã{Â]

Áº¯ �¼ne | f/�» �e �Y�§ [�q ÉZÅ|Ì/�Y» �ZÆ» Y� �¿�Â¿Zf» Ä¯ d/�YÊ|À¯ Á ºÅ¾ÌÀq Z»�/� ËÄ�Y~³É     Á
��¿YÉ ¿ {�Â» �·Z/y/Ì�Z  Y�]É    d//�{ Ä/]MÃ{�Z/] ½{�ÁÉ  ] µ{Z/ »Ì�Z/³Â ®/Ì¸Ì§Â»�e ÉZ/»{ Ä/] d/̂//�¿  Y�

» �ÅZ¯Ê|Å{.[27]    �´Ë{ ¥�� �Y/ ·Z/�»É{ZË� cZ   {Y{ ��Y�³|¿  §Â»�e º//�Å Ä¯/Ì¶  �fÆ] Ë¾  �³ ËÄÀÉ 
Y�] \/�ZÀ»É ¨/�eÌÄ Ä·Z]�ZÅÉ Y~£ÊË   ¾n· Á[Ô/�Z§   Á d/�Y50  ] %Ì�f/�  §Á�» º/�Å �YÌ¸Ì® Ã{�Z]É 

]Ì�Z³Â  Y{ {�  Á  M�§ �iÂ» d//�Y|Æ] Ë|À  §Â»�eÌ¸Ê �Á�] ,] ¶»YÂ�Ì�Z¼É ] �Y ¶¼� ½Z»� ¶«Y|u �{ Y� Y�Ì¾ 
.{�] \¸£Y  f/�{ ,cZ«ÁYÌ]ZÊ  M�§ Ä] Ë|À�Y|ËZa É, ·Âe Z]Ì|  Á ÓZ] ½Zf»º/�Å ¯ Z]Ì¨Ìd Z»{ �{É   ½Z°»Y |uYÁ

~a Ë� ¿Ìd/� .|¿{Y{ ��Y�³ ½Z¬¬v»Y�/� Ä¯ Ë�  Æ]ÌÄÀ  » Y�ÊM�§ �{ ½YÂe Ë|À ] º/�ÅÌ�YÂÆÉ Ä¸u�» Á{YÉ    Ä]
 {�ÁM d�{, ZÅ|¿Z¼�a  Ê»|À¿YÂe    ¶Ì§Â»�e ÉZ»{ �{Y�]É    ¶uY�» ¹Zn¿YÅÌ·Á�|Ì� Á  �YÌY�|ÊË Z»{ �{ ÁÉ 

 §Á�»Ì¸Ì®  ½Zf» ÉY�]|¿�Ì´] �Y�« É�Z��{Á� �|¿Z¿�§ . Ë�´  Ä ·Z�» �¿Y�Z°¼Å ÁYÉ  Ã{Y{ ¹Zn¿Y Y� �{ Ä¯ |¿Y
  ,½MOFMSW  f À//�Ê  M�§ d/ve Ë|/À  ]Ì�YÂÆÉ  Ä/̧u�» Á{YÉ  Àf^»Ê //���] {�Â» Z/»{ �]Ê   �{ .d/§�³ �Y�«

»Ä/̧u�É  Z/»�M µÁY Ë,�  Z/»{ �{ Z/Å|/¿Z/¼//�aÉ   §Â»�e/Ì¶  )55  Ä/m�{É  f¿Z///�Ê  ({Y�³   �Á� |/Àq c|/» Ä/]
�Y|Æ´¿É  Ä¸u�» �{ �b/� Á |¿|/�É  Y�] ¹Á{É  ¼°eÌ¶  M�§ Ë|À �ze Ë\  §Á�» �Âf¯M� Ä]Ì¸Ì® )35  Äm�{

f¿Z�Ê  ({Y�³    ¥~u Á ½Zf» Ã{�Z] �j¯Y|u .|¿|� ¶¬fÀ»¿Z»� �Y�§ {YÂ»Ê  Ä·Z]� Ä¯ |»M d�{ Ä]ZÅ   c|» Ä]
4 Ê·Y 5  Z»{ �{ �Á�É  §Â»�eÌ¶   §Á�» �Âf¯M� Ä] µZ¬f¿Y �Y ¶^«Ì¸Ì® �Y|Æ´¿É  |/�|¿Y�]ZÀ] . Ë,¾  Ã{Z¨f/�Y Z]

M�§ �Y ËZÅ|ÀÉ Ä¸u�» Á{YÉ  Àf^»Ê Å ,Z»{ �]Ì·Á�|Ì�    {Â^Æ] ËÄf§Z  Za Á Ë�Y|É M�§ Ë|À » Y�Ê   d//�{ Ä] ½YÂe
M�§ Ä] �nÀ» Ä¯ {�ÁM Ë|À ] º�ÅÊ�YÂÅÉ |� |ÅYÂy �e|»M�Z¯.[28]  

      |¿Z» ½Z»�Ã�Á{ ½YÂÀ� Ä]É �Y|Æ´¿É  � ËÓ� ËÄZÅ  Y�] º/�ZÅ ¶yY{É  ·ÂeÌ|  ]Ì�Z³Â � e Ë¦  »Ê {Â/�Y . Ë¾ 
¹Zy {YÂ» �YÂ¿Y Ä] Ã�Á{  É{Á�Á Z»{ ÁÉ ´f/�]  º/�ZÅÊ  {�Y{.    |¿Z» ½Z»�ZaÌË¾  ¼ne µZ¼fuY �   ÉZÅ|Ì/�Y

  �Y�§ [�qY�§Y Y� Ë�  »Ê|/Å{Ä/°Ì·Z/u�{ ,    Ê¿ÓÂ� |/¿Z/»� �ÅZ/̄  Ä/]/Ë {Z    ¹�m ¶/̄�Y�§ |/»Z/m {YÂ» ®/¼¯
»ÊÓZ] Ã{�Z] Ä] �nÀ» Ä¯ |À¯É  ]Ì�Z³Â »Ê {Â//�.  Y �] ÃÁÔ� Ë,¾   §��Ìd  �§Z]É   �{ {ÂmÂ»  |¿Z» ½Z»�  ,ÓZ]

  d�Z¨u  �YM�§ Ë|À �Y~³�Z] ­Â/�  cY�iY �]Y�] �{É   {YÂ»  Ê·M¯�e ,ÌcZ^ ¼/�Ê �Z³�Z/� ÁÉ ]Ì�Â·Â Ë°Ê 
¯�eÌcZ/̂  ¼//�Ê   § Y�ºÅY�  »Ê|/À¯ ]29[Y�]Z/À] . Ë¾ a �Â¸z» ,Ìr/ÌÃ| Z/Å�f//�]É  OFMSW   Ä/] 0ÓÂ¼ » d/»Z/«Y

�eÓZ/]É  ¿/Ì�Z  �Y{/¿M�§ Z/e | Ë|/À   §Z/̄  º//�ÅÊ  ·M {YÂ»Ê  ³�{Ì�  À¯ ºÅY�§ Y�/À¸¯ �Â� Ä/] .|Ê,  OFMSW    Ä/̄
ÁZuÉ ÓZ] �Â¸z»ÊË ÅÂ]�¯ �YÌ,cY�| �·Â¸/�,�·Â¸/� Ê¼Å ,  XeÁ�aÌ,¾  ]�qÊ ¯�e ÁÌcZ^ ]�qÊ   Ä] ,d/�Y

/Ë® Ã�Á{º//�Å É  Z/] Ê¿ÓÂ� |/¿Z/» ½Z/»� .d//�Y |/À»�Z/Ì¿ É�e �{/Ë®   ,Ä/¿Z/y�Z/̄ ½Z/»�Æ]ÌÄ/À Y�]É   º//�Å
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OFMSW  Ã{Á|v» �{É  15 Ê·Y20  Ä¯ d/�Y �Á�ºÅ ¾ÌÀq  Ä]  ÊËZ»{ �ËY�/�Y�/� Á Ë� ) º/�ZÅ ®e ËZ  |Àq

Ä¸u�»YÉ(´f//�]Ê  {�Y{.  //�Ê  �¿Y�Z°¼Å Á  |¿Z» ½Z»�20  Ê·Y60 �Á�  Á� �] Y�É   É�YÂÆÌ] º//�Å |ÀËM�§
  c�}-  /���] {�Â» Äf/�Z/�¿Ê  {Y{ �Y�«½M .|¿ Ä¯ |¿{Y{ ��Y�³ ZÅ60  �Á�  É�Y|Æ´¿  e�e Ä]Ì\  42.3  »Ì¸Ê 

·Ì�f  Y�Y Ä/] �Z/³É  Á  ¶/̄  |/»Z/m {YÂ» ¹�³ �Å    ½Z/»� c|/» �{20  �Á�  9.2  »Ì¸Ê  ·Ì�f  Y�Y Ä/] �Z/³É   ¹�³ �Å 
|»Zm {YÂ» |/� |Ì·Âe.   ¶«Y|u Ê¸¯ �Â� Ä] 60   Ze90 Y�] �Á�É  ] º/�Åf/�ZÅ�É ¸aÌ�¼É  ¿ {�Â»Ì�Z   .d/�Y

Ê§�� �Y   �ÅZ¯  É�Y|Æ´¿ ½Z»�¨»Ì|  � d//�Y ËY�  Ä] duY�//� Ä]   ÄÀË�Å �ÅZ¯  É{Z//�f«Y ÉZÅ·ÂeÌ|   Á
Y�§Y Ë� Ã�Æ]�ÁÉ M�§ Ë|À  {�¯ |ÅYÂy ®¼¯.[17] 
• Ê¼� {YÂ» Á É~¤» {YÂ»  

    Ä§Z/�Y  ½|/�   {YÂ»  É~¤»  Á�°Ì» Á  Á�¯Z» Ä]  ®Ë �Â/�Â»  ºÆ»  ÉY�]    Ã|/� ¶Ë|^e É�YÂÆÌ] º/�Å |ÀËM�§
.d//�Y  {YÂ»  É~¤»  Á�¯Z»  //�Z  Ä¯ |Àf//�Å �¨//�§ Á {�³Â³ ,½�Á�fÌ¿ ¶»0Z»Â¼�  Ä]  ½YÂÀ�  ¶»YÂ� �§Z]Ã|ÀÀ¯ 

Ã{Z¨f/�Y Ê»  ,|¿Â/�  �{  Ê·Zu Ä¯ É~¤»�Ë� ZÅ ¹ÂÌÀ¸/� Á d·Z^¯ ,ÉÁ� ,½|^Ì·Â» ,¶°Ì¿ ,¹Á�¯ ,¾ÅM ÊÀ Ë  
Ä/]  ½YÂÀ�  �Âf¯Z/§  ºÆ»  �{  �À¯YÁ  ÉZ/Å  Ê¼Ë�¿M  ¶/¼�  Ê»|/ÀÀ¯.   {Â^¼¯  Êy�]   {YÂ» É~/¤»  Ä/]  ½YÂÀ�  d/̧� 

d/�°/�  {�°¸¼� |ÀËM�§ �{  ��¿  Äf§�³ Ã|/�  d/�Y.  �{ É�ZÌ/�]  �Y  cÓZ¬» Ê¸^«  ÄnÌf¿ Äf§�³ Ã|/� d/�Y  Ä¯ 
�Á{  Ä/ÀÌÆ]   {YÂ»  É~/¤» Ê»|/¿YÂe  |/Ì·Âe ½Z/f»  �Z/y  Y�  �ËY�§Y  |/Å{  Á  ¾ÌÀr¼Å  É�Y|/ËZ/a  |/ÀËM�§  Y�   {Â^Æ] 

|/�z]. Z]  ¾ËY  ,µZu �³Y  �Y  t�/� ÄÀÌÆ]   �Y|¬» {YÂ»  É~¤»   {ÂmÂ»  �eY�§ ,{Á� �Â/�u ½MZÅ  Ê»|¿YÂe  Ê¼/� 
|�Z].[18]  

      É�YÂÆÌ] º/�Å |ÀËM�§d^/�¿ Ä]  ¹Â¼/� �{ Ä/�ËZ¬»  Z]  |ÀËM�§  É�YÂÅ  �Z/�u�e d/�Y   Á�{  {Ây|ÀËM�§ 
AD, É�f¯Z]f» ÉZÅZ  Y�¿d^/�¿  Ä]  É�f¯Z]  Y�|Ì/�Y ÉZÅ�Z/�u�e  |Àf/�Å Ze dÌ¼/� �/�À� Y� Ê]ZË{� |ÀÀ¯. 

 {YÂ»  Ê¼/�  ZË  �Y ¶^« �{   {YÂ»  ­Y�Ây  É{Á�Á �/�Zu |Àf/�Å Á ZË �{  µÂ�  |ÀËM�§ º/�Å |Ì·Âe  Ê» |¿Â/�.  
º//�Å  ¢·Z] Ã|//� |Ì·Âe  , �³Y  Ã�ZmY Ã{Y{  {Â//� �Ì] �Y ®Ë Ã�Á{É ¾Ì » �{ ¶yY{ º//�ÅÃ|ÀÀ¯  |¿Z¼]  ,  
ÉY�]  ½�Â¿Zf»  ZÅ Ê¼/�  Ê»��Y�³ .{Â/�  Ã|/�  d/�Y  Ä¯  cZ^Ì¯�e Ê¿| »  |À¿Z»  ­ZÌ¿Â»M   {Y�M , cY�¸§ 

¾Ì´À/� Á |Ì¨·Â/�  Ã|¿�Y{�Z] Ê¸/�Y ÉZÅ |Àf/�Å  �Ì¿ É~¤» {YÂ» Z»Y  Äf/�] Ä]  ¶°� ÊËZÌ¼Ì�  Á  d�¸£ µÂ¸v» 
Ê» |À¿YÂe Ä] ½YÂÀ� ¹Â¼� ¶¼� |ÀÀ¯.[18] 
ÄnÌf¿É�Ì³  

     Ê·M {YÂ» ÉÓZ] |/��{ Á Ä /�Âe µZu �{ ÉZÅ�Â/�¯ �{ É�Æ/� |»Zm ÉZÅ|¿Z¼/�a Ê³�ËÁ Ä] ÄmÂe Z]
�³ ½M �{ {ÂmÂ»ÄÀË  ,|¿Z¼//�a ��Y{�a Ê°Ë�Â·ÂÌ] ÉZÅ[Zzf¿Y ¾Ë�fÆ] d//�Ë� {YÂ» ��Y{�a ¾°¼» ÉZÅ

Ê» ¾°¼» Y� Ê·M�Ë~/a \/Ë�ze Ë�³ ¾Ë�f¤·Z/] ½YÂÀ� Ä/] É�YÂÆÌ] º//�Å .|/¿�Z///�Ä/À  ÉY�] Ê°Ë�Â·ÂÌ] É
Ê» ÄfyZÀ� Ê·M ÉZÅ|¿Z¼�a.{Â�  

      �Ì�¿ Ê�Ìv» d/�Ë� cÔ°/�» ½|»M{ÂmÁ Ä] �Y ZÆÀe Ä¿ É�YÂÆÌ] º/�Å |ÀËM�§ ÉY�] |¿Z¼/�a �Y Ã{Z¨f/�Y
 Ê³{Â·MÄ¿Zz¸³ ÉZÅ�Z³ �Z//�f¿Y Á Ê¯Zy Á Ê]MÉY  Ê» É�Ì³Â¸m|À¯dyÂ//� ÉY�] Ê¿�´ËZm Ä°¸] ,  ÉZÅ

  Á �Ë~/aZ/¿|/Ë|/ne  ÉY�] É��¿Y ¾Ì»Z/e É��¿Y cZ/̂i �{ Ä/̄  {Â] |/ÅYÂy É��¿Y ¾Ì»Z/e ÉY�] Ê¸ § �Y|/ËZ/aZ/¿
.{Â] |ÅYÂy �Y~³�ÌiZe �ZÌ�] ½Z³|ÀËM  
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 �Y~³�ÌiZe |ÀËM�§ É�Y|ËZa Á É|Ì·Âe º�Å Á �Z³ÂÌ].d�Y ÊeZÌu ,|À�Z]  
   
 �]ZÀ»  

1. Xu, F., Li, Y., Ge, X., Yang, L., & Li, Y. (2018). Anaerobic digestion of food 
waste–Challenges and opportunities. Bioresource technology, 247, 1047-1058. 

2. Wang, F., Cheng, Z., Reisner, A., & Liu, Y. (2018). Compliance with household 
solid waste management in rural villages in developing countries. Journal of 
Cleaner Production, 202, 293-298. 

3.  Ali, A., Mahar, R. B., Soomro, R. A., & Sherazi, S. T. H. (2017). Fe3O4 
nanoparticles facilitated anaerobic digestion of organic fraction of municipal solid 
waste for enhancement of methane production. Energy Sources, Part A: Recovery, 
Utilization, and Environmental Effects, 39(16), 1815-1822. 

4. Solomon, S., Manning, M., Marquis, M., & Qin, D. (2007). Climate change 2007-
the physical science basis: Working group I contribution to the fourth assessment 
report of the IPCC (Vol. 4). Cambridge university press.   

5. Palmisano, A. C., & Barlaz, M. A. (2020). Introduction to solid waste 
decomposition. In Microbiology of solid waste (pp. 1-30). CRC Press.   

6. Brown, S. (2016). Greenhouse gas accounting for landfill diversion of food scraps 
and yard waste. Compost Science & Utilization, 24(1), 11-19.   

7. Zhang, J., Kan, X., Shen, Y., Loh, K. C., Wang, C. H., Dai, Y., & Tong, Y. W. 
(2018). A hybrid biological and thermal waste-to-energy system with heat energy 
recovery and utilization for solid organic waste treatment. Energy, 152, 214-222.     

8. Kumar, A., & Samadder, S. R. (2017). A review on technological options of waste 
to energy for effective management of municipal solid waste. Waste Management, 
69, 407-422.    

9.  Mohammadi, A., Sandberg, M., Venkatesh, G., Eskandari, S., Dalgaard, T., Joseph, 
S., & Granström, K. (2019). Environmental performance of end-of-life handling 
alternatives for paper-and-pulp-mill sludge: Using digestate as a source of energy or 
for biochar production. Energy, 182, 594-605.    

10. Abbasi, S. A. (2018). The myth and the reality of energy recovery from municipal 
solid waste. Energy, Sustainability and Society, 8(1), 1-15. 

11. Kor-Bicakci, G., Ubay-Cokgor, E., & Eskicioglu, C. (2019). Effect of dewatered 
sludge microwave pretreatment temperature and duration on net energy generation 
and biosolids quality from anaerobic digestion. Energy, 168, 782-795. 

12. Mehariya, S., Patel, A. K., Obulisamy, P. K., Punniyakotti, E., & Wong, J. W. 
(2018). Co-digestion of food waste and sewage sludge for methane production: 
Current status and perspective. Bioresource technology, 265, 519-531. 

13. Hospido, A., Moreira, T., Martín, M., Rigola, M., & Feijoo, G. (2005). 
Environmental evaluation of different treatment processes for sludge from urban 
wastewater treatments: Anaerobic digestion versus thermal processes (10 pp). The 
International Journal of Life Cycle Assessment, 10(5), 336-345. 

14. Alibardi, L., & Cossu, R. (2015). Composition variability of the organic fraction of 
municipal solid waste and effects on hydrogen and methane production potentials. 
Waste management, 36, 147-155. 

455



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
15. Izumi, K., Okishio, Y. K., Nagao, N., Niwa, C., Yamamoto, S., & Toda, T. (2010). 

Effects of particle size on anaerobic digestion of food waste. International 
biodeterioration & biodegradation, 64(7), 601-608. 

16. Agyeman, F. O., & Tao, W. (2014). Anaerobic co-digestion of food waste and dairy 
manure: Effects of food waste particle size and organic loading rate. Journal of 
environmental management, 133, 268-274. 

17. Zamri, M. F. M. A., Hasmady, S., Akhiar, A., Ideris, F., Shamsuddin, A. H., 
Mofijur, M., ... & Mahlia, T. M. I. (2021). A comprehensive review on anaerobic 
digestion of organic fraction of municipal solid waste. Renewable and Sustainable 
Energy Reviews, 137, 110637. 

18. Panigrahi, S., & Dubey, B. K. (2019). A critical review on operating parameters and 
strategies to improve the biogas yield from anaerobic digestion of organic fraction 
of municipal solid waste. Renewable Energy, 143, 779-797. 

19. Dong, C., Chen, J., Guan, R., Li, X., & Xin, Y. (2018). Dual-frequency ultrasound 
combined with alkali pretreatment of corn stalk for enhanced biogas production. 
Renewable Energy, 127, 444-451. 

20. Buffière, P., Loisel, D., Bernet, N., & Delgenes, J. P. (2006). Towards new 
indicators for the prediction of solid waste anaerobic digestion properties. Water 
science and technology, 53(8), 233-241. 

21. Jain, S., Jain, S., Wolf, I. T., Lee, J., & Tong, Y. W. (2015). A comprehensive 
review on operating parameters and different pretreatment methodologies for 
anaerobic digestion of municipal solid waste. Renewable and Sustainable Energy 
Reviews, 52, 142-154. 

22. Luning, L., Van Zundert, E. H. M., & Brinkmann, A. J. F. (2003). Comparison of 
dry and wet digestion for solid waste. Water science and technology, 48(4), 15-20. 

23. Li, W., Khalid, H., Zhu, Z., Zhang, R., Liu, G., Chen, C., & Thorin, E. (2018). 
Methane production through anaerobic digestion: Participation and digestion 
characteristics of cellulose, hemicellulose and lignin. Applied Energy, 226, 1219-
1228. 

24. Nad, B. K., Purakayastha, T. J., & Singh, D. V. (2001). Nitrogen and sulphur 
relations in effecting yield and quality of cereals and oilseed crops. 
TheScientificWorldJOURNAL, 1, 30-34. 

25. Chatterjee, B., & Mazumder, D. (2019). Role of stage-separation in the ubiquitous 
development of anaerobic digestion of organic fraction of municipal solid waste: a 
critical review. Renewable and Sustainable Energy Reviews, 104, 439-469. 

26. Kumar, A., & Samadder, S. R. (2020). Performance evaluation of anaerobic 
digestion technology for energy recovery from organic fraction of municipal solid 
waste: A review. Energy, 197, 117253. 

27. Mao, C., Feng, Y., Wang, X., & Ren, G. (2015). Review on research achievements 
of biogas from anaerobic digestion. Renewable and sustainable energy reviews, 45, 
540-555. 

28. Fernández-Rodríguez, J., Pérez, M., & Romero, L. I. (2015). Temperature-phased 
anaerobic digestion of Industrial Organic Fraction of Municipal Solid Waste: A 
batch study. Chemical Engineering Journal, 270, 597-604. 

456



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
29. Chandra, R., Takeuchi, H., & Hasegawa, T. (2012). Methane production from 

lignocellulosic agricultural crop wastes: A review in context to second generation of 
biofuel production. Renewable and Sustainable Energy Reviews, 16(3), 1462-1476. 

457



National Congress on Biosystems Engineering and Agricultural Mechanization th13 
Tehran, 15-17 September 2021  

 

The most important factors affecting the anaerobic digestion process of the 
organic fraction of municipal solid waste 

 
, 1 rafiee shahin ,1* Shelir keshavarzi  

 
1. Biosystems Engineering Group, Faculty of Agricultural Engineering and Technology, University of 

Tehran, karaj, Iran 
2. Biosystems Engineering Group, Faculty of Agricultural Engineering and Technology, University of 

Tehran, karaj, Iran 

Abstract

Given the increasing production of organic waste, especially in developing countries, finding appropriate solutions to 
address this part of municipal solid waste is a very fundamental approach. The process of anaerobic digestion has acted 
as a successful technology in the treatment of this waste in most parts of the world.   the biogas product can be used to 
generate electricity or transportation fuel, and the digestion produced can be used as a by-product of this process as 
agricultural fertilizer. However, this process identifies various factors such as physical properties of the waste including 
particle size and density, compositional properties including the structure of carbohydrates, proteins, lipid, cellulose, 
hemicellulose and lignin and chemical properties including pH, moisture content and other operational parameters Such 
as temperature, reactor residence time and identification of nutrients and toxins and their optimal dose during the process. 
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