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Ã|Ì°q  

 �¿�Æ� [Zf� Z]ÌÀÊ,  ·ÂeÌ|  �Æ� ¾n·É  Ä]Y�§Y µZu �{ d��� Ë�  Y�] .d�YÉ    ½|¿Z�� ¶«Y|u Ä]  cY�iY� Ëd/�v»Ì�Ê 
//mÁ�y �{Ê ¨//�eÌÄÄ¿Zy [Ô//�Z§ ¹Z//n¿Y ,�ne//ËÄ¸veÁÌ¶ iP//eÌcY� � Ëd//�v»Ì//�Ê ��Y Á//Ë]ZÊ »//Ì½Y� Za//Ë�Y|É  �{

�eY�f�YÉZÅÉ  À§ ¦¸fz»Ê  ¨�eÌÄ  ,[Ô�Z§    ¶»Z�Ô/�Z§ ¾n· ÄÌ¨�e º/�Å �Y ¶/�Zu �Z/³ÂÌ] ,[]Ê�YÂ/ÅÁ É  |/Ì·Âe
��¿Y,É  ��Y �Z�Y �] Ë]ZÊ  Ä¯ cZÌu Äy�q dÆm �{|» Ë� Ëd v»Ì�� Ëd�, d�Y É�Á�� É�»Y Á �{ ] t��Ì¾/¸¸¼·YÊ 

Ê» ¹Zn¿Y {Â���Zu Ä ·Z�» .  ÉZf�Y� �{ Y� É�ZÌ�] cÓZ¬»  Z�ZÀ�ÊË  ���] ÁÊ    �{ ZÅ|ÀËM�§¨�eÌÄÄ¿Zy   Ã{�/¯ Ê���] Y�
Á d�Y  � cY�iY Ëd�v»Ì�Ê    �Y Ë®  ¿ÌÃZ³Á�  ]Ì�Z³Â  Àf^»Ê    [Ô�Z§ ¾n· �]  d�Y] Ä¯Ì�f� Ë¾  iPeÌcY�  � Ëd�v»Ì�Ê   Y�

� �{Ìºf�  ·ÂeÌ|  ]Ì�Z³Â  Y Ë {Zn  »Ê|À¯  d�Y Ã{�¯ ½ZÌ]. · ÄÌ¨�e |ÀËM�§ ,¾Ì´À/� cY�/¸§ {Á�Á Ä/] �/nÀ» [Ô/�Z§ ¾/n
Á�Y{ cÓÂ�v»ÊË  �z� d^«Y�» ÁÊ  Ê]M �]ZÀ» Ä]­Zy Á Àr¼Å ÁÌ¾  �Y É�/� ®/Ë |/Ì·ÂeZ/Å�Z³É Ä/¿Zz¸³YÉ  Ä/]

  �¨�¼eY»Ê {Â�.    Ê/���] ¾¼/� Ä/ ·Z�» ¾ËY �{]Ì/�ÌÄÀ   ,Ê¿Z/Æm t�/� �{ �ÅÁ�/a�Á�Z/Å ÉÃ{Z¨f/�Y{�Â»  d/Æm
�ne ËÄ¸veÁÌ¶  d�Y Ã|� Ã{�ÁM lËZf¿    Á�{    �/�] Ä/] ÄÌ·ÁY ºÌÅZ¨» ¦Ë� e ¾¼� Ä»Y{Y��f/�³ Á   ºÌÅZ/¨»»Ê {�Y{�/a .

�Á�ZÅÉ  �ÂÀf»Ê  Y�]É  ��Y Ë]ZÊ  iPeÌcY�  v»Ì�Ê  » Ä¯ d�Y ��f�{ �{Ê|¿YÂe  ·Âe c�Â/� �{/Ì|  ��/¿YÉ  �� �Y/Ëª 
]Ì�Z³Â  Ä]�Â�    ÃÂ¬·Z]Ã{Z¨f�Y{�Â»  ³ �Y�«Ì {�Y�] .É  ��Y Ë]ZÊ  Y Ë¾  iPeÌcY�    Á�MÌ\ZÅ  ��Y �Á� �Y Ë]ZÊ  u Äy�qÌcZ1   �{
Y Ë¾  Y �Y ¥|Å .|� Ã{Z¨f�Y Ä ·Z�» Ë¾  ���] �Z¯Ê  ��Y Ë]ZÊ  u Äy�qÌcZ  iPe ÁÌ�   Ë®  ¿ÌÃZ/³Á� ]Ì�Z/³Â  ¾/n· �Z/�Y �/]

�Æ� [Ô�Z§É   {Â].  Ä]¸¯�Â�  lËZf¿ cZÌu Äy�q Ê]ZË��Y ÊÄ]d�{Ã|»M    Y� É{ÂmÂ» d��Æ§ �YÄ¿ �{    Äf�{iP/eÌcY� 
� Ëd�v»Ì�Ê  Ê» Ê]ZË��Y.|À¯  
  

:É|Ì¸¯ cZ¼¸¯  
cZÌu Äy�q Ê]ZË��Y- ��¿YÉÉZÅ |ne Ë| ~a Ë�- ¨�eÌÄÄ¿Zy- É�Æ� [Ô�Z§ ¾n·- Ê] º�Å É�YÂÅ  

  
* Ê·Â�� |Ìn» :µÂX�» Ã|À�ËÂ¿  

 
1 LCA: Life Cycle Assessment 
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 ���]Ê  �yZ� ZÅÉ  �Ëd�v»Ì�Ê  ¿ ÌÃZ³Á� ]Ì�Z³Â  ·Âe �Â�Ì|   ºÅ ) c�Y�u Á ©�] ½Z»�BIO-CHP  (

¨�e Ì Ä Ä¿Zy ZÅÉ  ��Y �Y Ã{Z¨f�Y Z] [Ô�Z§Ë]Z Ê  u Äy�qÌ cZ  )LCA (  
Ä»|¬»  

  cZ ·Z�» ª^�¹Zn¿YÃ|�  Zf�Y� �{É  ���]Ê  � cY�iY Ëd�v»Ì�Ê    �{¨�eÌÄÄ¿Zy   cY�/iY {�ÁM�/] Ä/¯ |� �z�»
� Ëd�v»Ì�Ê  ·ÂeÌ|  ��¿YÉ    �{ Ë®  �Ìºf/�  �f°·Y Á Z/»�³ |/Ì·Âe |/uYÁ Ë/�ÌÄf   �Y k�Z/y ÉZ/�§ Ä/] ÊeY�Z/�f¿Y ÉY�Y{

¨�eÌÄÄ¿Zy    µÁY|m �{ Ä¯ d�Y2    Á3  Á4  ]Ì½ZÃ|�  d�Y¼ÅY Ä] ÄmÂe Y~· .Ìd  ·Âe �z]Ì|  ��¿YÉ    �{ Ë®  �Ìºf�   |uYÁ
�f°·Y Á Z»�³ |Ì·Âe Ë �ÌÄf  ½Á�{ ,¨�eÌÄÄ¿Zy  d�Y ¹�Ó ,�yZ�ZÅÉ  � Ëd�v»Ì/�Ê  cY�/iY Á  � Ëd/�v»Ì/�Ê   �z/�»

Y �Y ¥|Å Y~· .{{�³ Ë¾  ���] Ä ·Z�»Ê  �yZ�ZÅÉ  ��¿YÉ    Á  cY�iY� Ëd�v»Ì�Ê  �Ìºf�  ]Ì�Z/³Â  ·Âe �Â/�/Ì|  ��/¿YÉ 
¨�eÌÄÄ¿Zy  d�Y [Ô�Z§  .¨�eÌÄÄ¿ZyZÅÉ  [Ô�Z§2  Y�/]É  ³{Â/·M �ÅZ/¯Ê  /�Z¿ [Ô/�Z§Ê  ·Z § �Y/ÌdZ/ÅÉ  ¿Z/�¿YÊ 

�|ÀÆ»ÊÃ|�    ÁÄ]�Â�À»  �M �ÅZ¯Ì\ZÅÉ  Ã|�{�YÁ    Ä]v»Ì�� Ëd�   Á¹{�» d»Ô�  µZ/ §»Ê|¿Â/� [Ô/�Z§ ¾/n· .
^¿Zm µÂ�v»Ê  M�§ Ë|À  ¨�eÌÄ ·ÁY [Â�� ½�z» �Y ,[Ô�Z§Ì,Ä Â¿Zi [Â�� ½�z» ËÄ Z� Á Ë� M�§ Ë|ÀZ/ÅÉ  .d/�Y �^e�/»

Ä]�Â�À»  ³Â¸mÌ�É  �M �YÌ\ZÅÉ  � Ëd�v»Ì�Ê,  Y�mYÉ  Ä�Â¼n»YÉ    �Y�Á�ZÅÉ  aÌrÌÃ|  ¨�eÌÄ   [Ô�Z§ ¾n· �§{ Á
] º�Å |À¿Z»Ê�YÂÅÉ3,  ´]MÌ�É,  ®�y½{�¯  e�Y�uÊ,  ½|¿Y�Â�¾n· d�¸£ ,  �Á�� Ä·Z]� ¾§{ ¶v» �§{ ÁÉ  .d/�Y

|» Ë� Ëd  Ä·Z]� d��{Z¿ZÅÉ  ·MÊ  »Ê|¿YÂe  M Ä] �nÀ»³{Â·Ê  |mÉ  v»Ì�  ] µZ¬f¿Y ,Â] |À¿Z»Ì�Z¼É   Ã�/¯ ½|/� ¹�/³ Á
»�Ì¾   {Â�  ]1[  .Y�§Y Z] Ë�  Z�Z¬eÉ  ¿ZÆmÊ  Y�]É  ��¿YÉZÅÉ  |ne Ë|  ~a Ë�    Á ËZ  � {YÂ»Ì¼ÌZÊË,  Ä·Z]�ZÅÉ  ·MÊ   d/�Y ¾°¼»
  Ä] Ë°Ê  ��f�{ �{ �Y�e¾Ë  |^e {ÂmÂ» �]ZÀ» Ë¶  ÁZu ,¾n· .|¿Â�É  �� �Y|¬»Ì¼Ê  ·M {YÂ» �YÊ  |ne Ë|  ~/a Ë�   Á d/�Y

»Ê|¿YÂe  Ä]½YÂÀ�   Ë®  Za �^À» Ë�Y|   �¿Zfa Z]Ì¶   {Z�f«YÉ  |/�Z]  ]2[��/¿Y .É  � Ëf/�Ê  ·ÂeÌÃ|/�|  Y�/]É  Z/»�³ Ë,�   Á ©�/]
Ä]½YÂÀ�    dyÂ�¶¼u¶¬¿Á  Ã{Z¨f�Y{�Â»  » �Y�«Ê³Ì {�  �{ . Ë®  ¯�e |uYÁÌ^Ê  c�|« Á Z»�³,  ]Ì�Z³Â  Ä]�Â�  ºÅ½Z/»� 

Y�]É  ·ÂeÌ|  �f°·Y Á Z»�³ Ë �ÌÄf  » �Z¯ Ä]Ê {Á�Y�] Z»�³ 0ÓÂ¼ » .É   §��»{ÂyÊ    (º/�ZÅ ½|/� ¹�³)Ã{Z¨f/�Y{�Â»   �Y�/«
»Ê³Ì {�  ·Zu�{ÊÄ¯  �f°·Y Ë �ÌÄf  ·ÂeÌÃ|�|  »Â¼� Ä°^� Ä]Ê   ËZ  ¸»Ê  ~¤e ËÄ  »Ê {Â��f°·Y ºÅ ,{| f» cZ ·Z�» �{ . Ë/�ÌÄf   Á

] º�Å Ä¿Zy�Z¯ �{ Z»�³ ºÅÊ�YÂÅÉ Y�]É Ã�Æ]�Y{�]É  �Y½�¼ÅZÅ`¼a ,ZÅ|/uYÁ Á Z/ÅÉ  .|¿|/� ¥�/�» Ä¿Zy{�/�
YZ] Ë¾µZu¿ {Y�Z» ©�] ,Ì�  ¸» Ä°^� Ä]Ê  |� {�YÁ ]3[ {Á|v» Z] . Ëd Y�/§Y Á ¥�Z f» �]ZÀ» Ë� Y�/] Z/�Z¬eÉ dyÂ/�Z/ÅÉ 
 �§Ì¸Ê    |À¿Z»µZ£�²À�dyÂ� ,ZÅÉ  f¨¿Ê  £ ÁÌ,Ã�  �Ä«Ô  ��¿Y �]ZÀ» Ä �Âe d¼� Ä]É  |ne Ë|  ~a Ë�  ¤eÌÌ�   .d/�Y Ã{�/¯

] �{Ì¾  |Àq Ë¾  ��¿Y �^À»É |ne Ë| ~a Ë,� ]Ì�Z³Â  Ë°Ê  �YÃÂ¬·Z]�e Ë¾ ��¿Y �]ZÀ»É ] .d�YÌ�Z³Â Ä]½YÂÀ�  d/Æm dyÂ�
dza�aÁ  Ä]fuY�Ê  ] º�Å Z]Ê�YÂÅÉ  �Y�� {YÂ»Ê,  f À�Ê,  Ä·Z]�ZÅÉ  ´¿ZyÊ,  u {Â¯Ì,cZ¿YÂ  �Z§ ¾n·[Ô  £ Á/ÌÃ�   Ä/]

 d�{»ÊM Ë| ]4[] .Ì�Z³Â M �{ ËÃ|À Zm Ë�´ Ë¾ ^� �Z³Ì Ê  Z]P�À»  �§Ì¸Ê /» Äf§�³ ��¿ �{Ê {Â/� ]5[] .Ì�Z/³Â ·ÂeÌÃ|/�| 
»Ê|¿YÂe  ��¿Y Á Z»�³ Ä] ¶v» �{É  |^e Ë¶   {Â�  ]6  ,7[��/¿Y .É  � Ëf/�Ê  ·ÂeÌÃ|/�|  � �Y Ëd/�Ã{Âe  Z¬» �{ ËÄ/� ��¿YZ/]É 

��ÂyÌ|É   ËZ   {Z]É  y�] �YÊ  Ä¨«ÁZÅ    {Z] d��� ,�]Ze c|� |À¿Z» ËZ  ´f�]YÁÊ    Ä][MYÂÅÁ  iPeÌ�  ¼¿Ê~/a Ë {�   ÁY�Y/Ë¾Á� 
 Ë® ��¿Y �^À»É ¨»Ì|  d�Y]7[.  

  
2 .aÌ �ÌÄÀ �ÅÁ�aZÅÉ  �^e�» t�� �{ ¿ZÆmÊ  

2-1 ��Y Ë]ZÊ u Äy�qÌcZ  ·ÂeÌ| ]Ì�Z³Â �Y  {Â¯  
 

2 WWTP: Wastewater Treatment Plant 
3 AD: Anaerobic digestion 
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Ä ·Z�» �{YÉ  ·Y ��Âe Ä¯ÌZ�  �Z» ËZ  f�Y Â¿Z»ÌÂ  Á  ¼Å½Y�Z°  )2019�{ |� ¹Zn¿Y ( Ë|Àf§Z   «Z] Ä¯ÌÃ|¿Z¼  »Y{ {Â¯Ê   �{

Äf�{ZÅÉ  Y h�Z] ¦¸fz» Ë {Zn  ZÅ�Z]É  � Ë {Z   � Ëd�v»Ì�Ê  »Ê {Â�·Âe �{ ½M �Y Ã{Z¨f�Y .Ì|  ]Ì�Z³Â  Ä¿ZÆÀe   Y�]É   �ÅZ¯
Y Ë¾  iPeÌ,cY�  Y�] Ä°¸] É  ·ÂeÌ|  ��¿YÉ  ZÅ{Â¯ ÁÉ  � Ëf�Ê  ¿Ì�  ÅY�Ê  ¨»Ì|  Y�] É  v»Ì�� Ëd�  Y�Y{ {Â¯ Äq�³Y  .d�Y É 

��¿Y  ���Y É  |^e  Ã{�Z]  Á  º¯ Ë¶  ]Ì�Z³Â  ZaÌË¾  Y�]  Z»Y  ,d�Y É    º�Å  �{  Ã{Z¨f�Y ºÅ½Z»�  Z�  Z] Ë�  Ó ËÄZÅ   Y�]É  ·ÂeÌ| 
]Ì�Z³Â  » Ã{Y{ ½Z�¿Ê {Â�Y �{ . Ë¾    Ä·Z¬» Ë®  ���]Ê  �ÌeZ¼f�Ì®  ·Âe Äy�q �YÌ|  ]Ì�Z³Â    ,½ZÆm ��Y�� �{ {Â¯ �YY�] É 

Z�ZÀ�ÊË  Z¬»  ÁËÄ�    ¶»YÂ�¶]Z«ÄmÂe    ¶uY�»  �{  ¥ÔfyY  Ä]  �nÀ»  Ä¯ cZÌu  Äy�q  Ê]ZË��Y4  ]  ��Y{�a  �{  ÁÌ �Z³Â 
»Ê,{Â�  ÄWY�YÃ|�  ]  d�Y8[  .Y Ë¾  ¯Pe  Ä·Z¬»Ì|  »Ê|À¯  �Âe  ¹|�  Ä¯Ì¦  Ó ËÄZÅÉ  ��§Ê  Ã{Z¨f�Y{�Â»   º�Å  �{

Ê],É�YÂÅ  �ÁM{�³É   {ÂmÂ»É  Y Ë¾  ·ÁY  {YÂ»ÌÄ  ¸ve  ÁÌ ¶  Y�Z¯ÊË  ]Ì�Z³Â    �YÂ�{  Y�»Ê|À¯.  Ã{Z¨f�Y    �Y{YÂ»  |¿Z¼�a 
�Y ¶�Zu    º�Å Ê]É�YÂÅ   Ä]½YÂÀ�  ·M {Â¯Ê  ¿Ì ½�Á�f5  �{  Z¬» ËÄ�  ¯�e  �Y  Ã{Z¨f�Y Z]Ì \  Y|f»µÁ  ZÅ{Â¯É  £Ì�  ·MÊ    Á
·ÁY  {Â¯ÌÄ,   �¿ZfaÌ¶  �YÌ| É  »�  ½|�Ì¾    Á §Á�eÁYÌ�Z°Ì½Â  )�Â¯Y  x�ZaÌºf�  Y�§Y  Ä] Ë�  ]Ì �|u�Y  ^�  {YÂ»Ì Ê   Ë Z 

�ÂÀ�»Ê    �{ Ë®  v» Ì�  ]MÊ  d�Y  (Y�§Y  Y� Ë�  »Ê|Å{Y  . Ë¾   ·{  Ä]Ì¶  M�§ËZÅ|ÀÉ  Å Ì·Á�|Ì�  ·Âe  ÁÌ|  ¿Â»MÌ �{  ­Z
¿Ì ÃZ³Á�ZÅÉ Ê] º�ÅÉ�YÂÅ   ©Z¨eY» Ê|f§Y ]9[.  

  
2-2 ��Y Ë]ZÊ u Äy�qÌcZ ·Âe �{Ì| ] Ì�Z³Â ]Äc�Â�  ́ ¿ZyÊ  ��» �{  

Ä ·Z�»�{YÉ  · ��Âe Ä¯ÌY|    Z¿Â·Á  ¼Å°) ½Y�Z2021�{ |� ¹Zn¿Y ( Ë|Àf§Z  ·Âe Ä¯Ì|  ]Ì�Z³Â  »Y{ {Â¯ �YÊ  » Ê |¿YÂe  
 �]Ì�ZÉ  iPe �YÌcY�  ¨À»Ê  ·ÂeÌ|  fÀ�Ê  ��¿YÉ  Àr¼Å Á |À¯ ¥���] Y�Ì¾  Y�� Ë�  uÌcZ  Zf�Á� �»YÂm �{ÊË   Y� ��» �{

Y ,|�z] {Â^Æ] Ë¾   {�Â» Ä ·Z�»É  Z� Á ��» �{ Ë�    ½M ª�ZÀ»¹Zn¿YÄf§�³fu .Ê    �³YÄ^ÀmZÅÉ  À§Ê   {Z�f«Y ÁÉ   �ÁZÀ§É  
º�ÅÃ|ÀÀ¯  ]Ì�Z³Â  ´¿ZyÊ    0Ô»Z¯���]ÊÃ|�  Za ,|�Z] Ë�Y|É v»Ì�Ê    ,½M Ä]Á ËÃ�  Y�� �{Ë�  ��»  � |u Ze Ë {ZÉ   ÄfyZÀ�Z¿

  .d�Y Ã|¿Z»Y�]É  Y Ë¾  Ã{Y{ ,�Â�À»ZÅÉ   ��Y {�Â» Ë]ZÊ  Æe �{ÌÄ  u Äy�q d��Æ§Ì cZ  º�Å �YÃ|ÀÀ¯ZÅÉ   d]Zi  |^À³
·Â¼ »Ê » µZ § ��» �{ Ä¯Ê|À�Z] |� kY�zf�Y  ]10[ .  

  
2-3 ��Y Ë]ZÊ  Äy�qcZÌu ¿ÌÃZ³Á�ZÅÉ ]Ì�Z³Â ´¿ZyÊ ¬» �{Ì�Z ]�£ µZ¼� �{ ±��]Ê qÌ ¾  

Ä ·Z�» �{YÉ  ²¿YÁ ��Âe Ä¯Á ¼Å½Y�Z° )2018]�£ µZ¼� �{ (Ê qÌ,¾ ¹Z/n¿Y �{ |/� Ë|/Àf§Z  Ä/¯Ä/¿Zy�Z¯ZÅÉ 
·ÂeÌ|  ]Ì�Z³Â  ¬» �{Ì�Z  ´¿Zy Á (½�|») ±��]Ê  ¸�Y �Á� Á{ (¥�Z f»)Ê  ¼zeÌ�  ]Ì�Z³Â   {Â/mÁ   {�Y{    Ä/¯/Ë®   �Á�
»YÌ�z]|  Y�]É  Z� �§{ ËcZ   �Y|»Y{É  �Z] Á Ëd§Z  �iR»  ��ÁZ�¯É    �{ cÁZ¨e .d�Y¿Z°»Ìº�ZÅÉ  Y {�°¸¼� Ë¾  � Á{Ìºf� 

� {�°¸¼� �{ cÁZ¨e Ä] �nÀ» Ëd�v»Ì�Ê  ½MZÅ  »Ê {Â�Y �{ . Ë¾  ��Y ,Ä ·Z�» Ë]ZÊ   «{Ìª    Äy�qcZÌu  ·Âe �Y/Ì|  ]Ì�Z/³Â 
¬» �{Ì�Z  ´¿Zy Á ±��]Ê  Y�]É  Z¬» ËÄ�  � {�°¸¼� Ëd/�v»Ì/�Ê  ½MZ/Å  �/�¿�Y  ��/¿Y �Y Ã{Z¨f/�YÉ  /�¿Zfa ÁÌ¶   cY�/iY

� Ëd�v»Ì�Ê  � |uYÁ �Å �{ {�°¸¼ ]{)Ê ] Ä¿Zy�Z¯ Ä]Ì�Z³Â2136  {Â¯ µZ� �{ ¾e( /� �{ cZ�Ô�Y .|� ¹Zn¿YÊ /Ë® 
 Ã�Á{Ä·Z�Á{  )2014-2016 �¼m (�ÁMÉ  |�]11[.  

  
2-4 ��Y Ë]ZÊ u Äy�qÌcZ  ¿ÌÃZ³Á� ·ÂeÌ| ]Ì�Z³Â ¬» �{Ì�Z Za �] ±��] ËÄ [Ô�Z§ ¾n·  

 
4 LCA: Life cycle assessment 
5 N: Nitrogen
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Zf¿ Ë l  ¿ dyZ� Ä¯ {Y{ ½Z�¿ÌÃZ³Á�  Y�]É  u Äy�q ¶¯ cY�iYÌcZ  qZ¿Ì�  Y .d�Y Ë¾ ¿ÌÃZ³Á� ]Ì�Z³Â Z/Å�Z³ �Z�f¿YÉ 
Ä¿Zz¸³YÉ  ¨À»)Ê  235/0  ¯Ì¹�³Â¸   {É �¯YÌ|  ¾]�¯    µ{Z »\ °»�f» �]Z¬» �{ Y� ( ËÄ�   Z/]¿ÌÃZ³Á�Z/ÅÉ /Àf^» ©�/]Ê  �/]

µZ£�²À�    º�Å Á {Y{ ½Z�¿·ÂeÌÃ|�|  »Ê|¿YÂe  �³ ËÄÀ  ]ÂyÊ  Y�]É  Zm Ë�´ ËÀÊ  /� {Â¯Ì¼ÌZÊË  ·Âe .|/�Z]/Ì|  ]Ì�Z/³Â   Á
��ÁZ�¯ �Z�f¿YÉ08- e 059/3 ¯Ì¹�³Â¸ ¾]�¯Á�¸§Á�¸¯ZÅ6  µ{Z »\ °»�f» �] ¨» cY�iY d¼� Ä]Ì|É  d/�Y ¾°¼» Ä¯

·{ Ä]Ì¶  ³Â¸mÌ�É  ZÅ{Â¯ Á ©�] ¥��» �YÉ  �ÂÀ�»Ê  Zf¿ .{�Y{ �¬¿ ,{Â� Ã{Y{ d^�¿ Ë l  ¿ Ä¯ {Y{ ½Z�¿ÌÃZ³Á�  ]Ì�Z³Â 
Àf^»Ê  iPe [Ô�Z§ ¾n· �]Ì� ¨»Ì|É  �]v»Ì�� Ëd� » ½Z�¿Ê|Å{ cZÌu Äy�q Ê]ZË��Y Z�ZÀ�ÊË ¼Æ» ¶»YÂ�Ê  Ä] Ä¯ Y�
v»Ì�  aÌÁ��  » ®¼¯Ê,|À¯  ½Z°»Y~a Ë�  »Ê|À¯·ÁY �]ZÀ» �Y �Z�f¿Y .ÌÄ    ºÆ��¬e Ë0Z^  qZ¿Ì�É  u Ä/y�q ¶¯ cY�iY �{/ÌcZ 

¿Z¼fyZ� {YÂ» �Y �Z�f¿Y .d�Y Äf�Y{Ê  � |À¿Z»Ì,½Z¼  £ Á {ÓÂ§Ì,Ã�  �f¼¯ Ë¾  ¤e �{ Y� ºÆ�/ÌÌcY� YÂ/Å Á [MÊË  Á Äf/�Y{
�ze Ë\    cY�iY ½�ÁY¶]Z«Ä�uÔ»YÉ  Y �{ Ë {Zn  »Â¼�»Ìd    Z]v»Ì�� Ëd�  � [MÌ� Ë¾   d�¿ .d�Y Äf�Y{ cY�¸§ �ÅZ¯ Á
½Zf»7    Á {É �¯YÌ|  ¾]�¯  ¿ �YÌ,ÃZ³Á�  Ä]�Â�  ¶]Z«ÆmÂeÊ  ¤e �ÅZ¯ �{ÌÌcY� d�Ë�Ê/�Ìv» /» ®/¼¯Ê|/À¯» .Ä/ ·Z� 

  �Y ��ZuÃ{Y{ZÅÉ  ��Âf»Ê  » Ã{Z¨f�YÊ|À¯  Å Ä¯Ì p   �«ÌfÊ  Zf¿ �{ Ë l  ¼¿ ½Z�¿Ê|Å{  -Y�]Z/À] Ë,¾ �ne/ËÄ¸veÁÌ¶  ¹|/�
¼�YÌ½ZÀ    ��Âf» Z]Ã{Y{ZÅÉ    {Á|v» �¼m�ÁMÉÃ|�  » Ä¯ ¦¸fz» �]ZÀ» �YÊ|¿YÂe ¬ve ÄÀ»Y{Ìª ¼¿ ¹Zn¿Y ,|�Z]Ê {Â/� 

]12[.  
  

2-5 Za Ë�Y|É v»Ì�Ê ] º�ÅÊ�YÂÅÉ Ä·Z]�ZÅÉ Y~£ {YÂ»ÊË ´¿ZyÊ  
Ä ·Z�»�{YÉ  �Â¸�Y ��Âe Ä¯ Ë® �Å Ë� Á ¼Å½Y�Z° )2019�{ |� ¹Zn¿Y ( Ë|Àf§Z  Ä¯¥�/�»½Z³|ÀÀ¯ Ã|/¼��e Ë¾ 

·ÂeÌÃ|ÀÀ¯|  Ä·Z]�ZÅÉ  Y~£ÊË8  ZÅ�Â�¯ �{É  aÌÄf§��  ÅZ³M .|Àf�ÅÊ   �¼m ���Y {�Â» �{¬É�ÁM Ä/·Z]�Z/ÅÉ Y~/£ÊË 
Ä]½YÂÀ�  �m Ë½Z  Y�] Ä¿Z³Y|m |¿Z¼�aÉ  ·ÂeÌ|  {YÂ» �Â¸z» ËZ ]�Z Ë]ZÊ ��¿YÉ �� �Y Ëª º�Å ]Ê�YÂÅÉ Y�§Y Ë� »Ê Ë|/]Z .
Y Ë¾  Á� �] Ä ·Z�»É ] º�ÅÊ�YÂÅÉ Y�]É ��Y Ë]ZÊ  Äy�qcZÌu Za Ë�Y|É v»Ì�Ê �Z] Ë]ZÊ ��¿YÉ  Ã{YÂ¿Z/y �Y Z/Å{Â¯ Á

Ä·Z]�ZÅÉ Y~£ÊË   .d�Y �¯�¼f» ½Zf�¸´¿Y �{�ne ËÄ¸veÁÌ¶ Y�]É  {�°¸¼� |uYÁ Á{É » ¹Zn¿Y ¦¸fz»Ê {Â�:  
1  �Zf§� (1 Ä·Z]� ¾eZÅÉ Y~£ÊË Z¬» Ä·Z]� ¾§{ Á ½|¿Y�Â� Z] Ä¯ ËÄ� »Ê {Â�.  
2·Âe (Ì| 1 Z� Z] Ä¯ ©�] d�Z� cYÁZ´» Ë� �³ ËÄÀZÅÉ ·ÂeÌ| Z¬» ©�] ËÄ� »Ê {Â� ]13[.  
  

2-6 ��Y Ë]ZÊ u Äy�qÌcZ  ¨�e �{ÌÄ  �§{ Á  [Ô�Z§ ¾n·  
Y Ë¾  ½M ��Âe Ä ·Z�» { Ë²À  Á  ¼Å½Y�Z°  )2021 ( |� ¹Zn¿Y Ä¯37 ¸¯ cZ°¿ Á Ã{�¯ �Á�» Y� Ä·Z¬»Ì|É fyY �{ Y�Ì�Z 

Y�] ½Z¬¬v»É  |/» Á Ä �Âe Ë� Ëd  �� �Y ¾/n· {Â/^Æ]/Ëª    cZ»Y|/«YcZ/Ìu Ä/y�q Ê]Z/Ë��Y  ] .d/�Y Ã{Y{ �Y�/«Ì�f/� 
�eY�f�YÉZÅÉ  |» Ë� Ëd  �Â�y Ä] ¾n·ÌcZ  §Ì� Ë°Ê �Ì¼ÌZÊË Y�/� ,¾n· Ë� �Â¯Y �Z/yÌ,ºf/� �Å ËÄ/ÀZÅÉ  Á Ä/�Â]�»

�MÌ\ZÅÉ  � Ëd�v»Ì�Ê  aÌ�]ÌÀÊ  »Ê {Â�  » �ÅZ¯ Ä¯Ê Ë|]Z¬u �{ .Ì,d¬  eZ§ÔfyYÊ  �¨e �{Ì� Zf¿ Ë l  Ä/¯ {�Y{ {ÂmÁ
  ¦¸fz» cZ ·Z�» �{��Y�³Ã|�  d�Y  Z¬» Ä¯ ËÄ� Zf¿ Ë l  �e Y� cZ ·Z�» ¦¸fz»Ì¦ »Ê,|À¯ Y�]ZÀ] Ë¾ ]Ì�f� ¬veÌcZ¬  �/]

Á�É ¶¼ ·Y�Âf�{ Z¬» ËÄ�YÉ |Àf�Å �¯�¼f» ]14[.  
  

2-7 ��Y Ë]ZÊ  Äy�qcZÌu  ·ÂeÌ| ]Ì�Z³Â �{ º�qZÅ�Y|¿YÉ M ËÃ|À �·Z» �{É  

 
6 CFC-11: Trichlorofluoromethane 
7 CH4: Methane 
8 FW: Food waste 
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�{  Ä ·Z�»YÉ  �� ��Âe Ë�    Z¼uYÂ¿Á  ¼Å½Y�Z°  )2019  |� ¹Zn¿Y (|] Ë¾c�Â�  ]Ì½Z »Ê {Â� Y Ä¯/Ë¾ /���] Ä/·Z¬»Ê 

 »ZmÊ    �Y48  ��Y {�Â» �{ Ä ·Z�» Ë]ZÊ    Äy�qcZÌu  ·ÂeÌ|  ]Ì�Z³Â    µZ� �Y2006    Ze2018  ÄWY�YÃ|�  ���] ÄÀ»Y{ .d�YÊ, 
·ÁY {YÂ» �Â¿ÌÄ    ÁÄ·Â¬»ZÅÉ  Ã{Z¨f�Y{�Â»    cZ ·Z�» �{���]ÊÃ|�    Áhv]{�Â»  /¨¸fz» cZ ·Z�» Äq�³Y .d§�³ �Y�«Ê 

Y�]É  ��Y Ë]ZÊ  Y�Z¯ÊË   �¿Zfa ÁÌ¶ Ä/·Z]�Y�/] Z/ÅÉ ·Âe/Ì| ]Ì�Z/³Â ¹Zn¿YÃ|/�  ,d/�YYZ] Ë¾µZ/u ,Ä/]Á ËÃ� ZÅ�Â/�¯ �{É 
µZu�{Ä �Âe  Y�]É    ¹Zn¿Y�ne ËÄ¸veÁÌ¶  � {�°¸¼� Ä] �Â]�» �»Zm Ëd�¬Ìv»�Ê  ·ÂeÌ|  ]Ì�Z³Â  ��Y �Á� �Z�Y �] Ë]ZÊ 

qÄy�  uÌ,cZ  ¼¯ ÄmÂeÊ  �·Z» �{ .d�Y Ã|�É, Ã�Æ]�Y{�]É  ¶z¿ ¾£Á� Ä¿Zy�Z¯ [Z�a �YÄ/]½YÂÀ� ��/¿Y �/^À»É  Ä/]
·{Ì¶  ·ÂeÌ|  ¶z¿ ¾£Á� Ä¿Zy�Z¯ �{ ÃÂ^¿YÄ]³�ZeÊ  ��f�³aÌÃ{�¯Y| d�Y ]3[.  
  

2-8 ��Y Ë]ZÊ ��¿Y {�°¸¼�É u Äy�q �{ÌcZ ]Ì�Z³Â  
Ä ·Z�»�{YÉ  �Z» ��Âe Ä¯ Ë|¿ÓÂ³�]Z  ) ½Y�Z°¼Å Á2006¹Z/n¿Y (  �{ |/� Ë|/Àf§Z  µ{Z e Ä/¯Z/ÅÉ  ��/¿YÉ    �Y/Ë® 

º�qu Äy�q �Y|¿YÌcZ  Y�]É  �Ìºf�ZÅÉ  ]Ì�Z³Â  �Z�Y �]  8    ¦¸fz» ¹Zy Ã{Z»�ne ËÄ¸veÁÌ¶  »Ê|¿Â�Y . Ë¾ ¸ve/Ì¶  �/]
�Z�Y  Ã{Y{ZÅÉ  Ã|���fÀ»  Y�� Ä] �Â]�» Á Ë�  Zf¿ .d�Y |WÂ� Ë l    ½Z�¿»Ê|Å{   {Á�Á Ä¯É  ��/¿YÉ  � Ä/]Ìºf/�  ]Ì�Z/³Â 

)Ä]½YÂÀ�µZj»  :¿ÌÃZ³Á�  ]Ì�Z³Â  ¬» �{Ì�Z    (±��]Ä]¸¯�Â�Ê    Z] �]Y�]20    Ze40  |��{  ) d�YÄ/]�Â�  �¬e �/�Âf» Ë0Z/^  30 
��¿Y �Y|¬» �Y (|��{É  ] �{ {ÂmÂ»Ì�Z³Â  ·ÂeÌÃ|�|/mÁ�y .Ê  ��/¿Y �·Z/yÉ  ¿Z/»�Ê  /¨À»Ê  »Ê {Â/�   ¶/�YÂ§ Ä/¯

¶¼u¶¬¿Á    {Á|u �Y200  ¯Ì�f»Â¸  ({Â¯)    Ze700  ¯Ì�f»Â/¸  » �ÁZ/ne (ÃZ³�Zf/�¯ |¿Z¼/�a)Ê|/À¯¤e ./ÌÌcY�  �/Ë {ZÉ   �{
Ã�Æ]�ÁÉ ��¿YÉ ] �{Ì¾ �Ìºf�ZÅÉ ]Ì�Z³Â  Ä¯ {�Y{ {ÂmÁZ�»{�Â»Ä · d�Y Äf§�³�Y�« ]6[.  

  
2-9  Äy�q  uÌcZ    Á��Y Ë]ZÊZÅÉ   {Z�f«YÉ  ·ÂeÌ|  ]Ì�Z³Â  � �Y Ëd�Ã{Âe ®^¸mZÅÉ  ®qÂ¯�Á� Z] aÌ�Z»�³ Ë� 

e�Y�uÊ ] º�Å �Á� �YÊ�YÂÅÉ  
�{  Ä ·Z�»YÉ    Ây ��Âe Ä¯¼ÅÁ½Y�Z°  )2020Y (¿�{ |� ¹Zn Ë|Àf§Z  Y�/§Y Ä¯ Ë�  ³{Â/·MÊ  v»Ì�� Ëd/�   ¶WZ/�» Á

��¿Y ½Y�v] Ä] �Â]�»É,  £�e Y� ½Z�¿YÌ\  »Ê|À¯    Ze¾§�ÁMÉZÅÉ  |m Ë| ��¿YÉ |ne Ë| ~a Ë� |/^e .|/Å{ Ä /�Âe Y� Ë¶ 
� Ëd�Ã{Âe  °^¸mÊ  � dyÂ� Ä] Ëf�Ê  Ä]½YÂÀ�   Ë®  �ÁZÀ§É  »YÌÃ|ÀÀ¯�YÁ|  » Äf§�³ ��¿ �{Ê {Â�  ]15[. Y �{ Ë¾ Ä/ ·Z�», 

  Äy�q �Á� �YcZÌu ��Y Á Ë]ZÊ  {Z�f«YÉ ·ÂeÌ| ]Ì�Z³Â  �Y� Ëd�Ã{Âe � Ë� /°^¸mÊ  Z/]aÌ�¨/�eÌÄ ]Z/»�³Ê /a Z/] ÁÌ� 
]Z»�³Ê  ��ÂyÌ|É  ¹Zn¿YÃ|�  ·Âe .d�YÌ|  ]Ì�Z/³Â  Y Z/]/Ë¾  M�§ ËZÅ|/À  Y�» �Y/ËZÉ  � Ëd/�v»Ì�Ê   {Z/�f«Y ÁÉ  ]Â/yÊ 

.d�Y �Y{�Ây�]  |^e Ë¶  � Ëd�Ã{Âe®^¸mZÅÉ  ®qÂ¯� dyÂ� Ä] Ëf�Ê Ä]½YÂÀ�  Ë® �ÁZÀ§É »YÌÃ|ÀÀ¯�YÁ|  �/�¿ �{
» Äf§�³Ê {Â�. � ËY� � Ëd�Ã{Âe®^¸mZÅÉ » ®qÂ¯Ê|¿YÂe Y�]É ·ÂeÌ| � dyÂ/� Ëf/�Ê, � Ëd/�Ã{Âe ·Âe/Ì|  ,|/À¯

·Zu�{ÊÄ¯  ¿Ì½�Á�f  /» [~m [Ô�Z§ �Y Y� �¨�§ ÁÊ|/À¯ . ]Ì�Z/³Â ·ÂeÌÃ|/�|  �Y� Ëd/�Ã{Âe �/Ë� /°^¸mÊ /a Z/]Ì� 
ÅÌµZ»�eÁ�| ��ÂyÌ|É Y�Y{É �Å ËÄÀ �f¼¯ t��É ��¿Y �YÉ Å Z] ¶^« Ä] d^�¿ÌµZ»�eÁ�|  Êe�Y�u»Ê|�Z] ]16[.  

  
2-10 �ne ËÄ¸veÁÌ¶  Äy�qcZÌu ·ÂeÌ| ]Ì�Z³Â  º�Å �YÊ]É�YÂÅ [Z�a º·Za ¾£Á� Ä¿Zy�Z¯  

�{  Ä ·Z�»YÉ    Ä¯¥|ÅZ]  ��Y Ë]ZÊ    {�°¸¼�� Ëd�v»Ì�Ê    Äy�qcZÌu  ·Âe Ã�YÁ�{ Ä/] Ã�YÂÆ³/Ì|  ]Ì�Z/³Â   �/�Âe
  º�ÅÊ]É�YÂÅ    ¾£Á� Ä¿Zy�Z¯ [Z�aº·Za9    ¹Zn¿Y»Ê {Â�  .Y Ë¾  /»� Ã�/¯ ½|/� ¹�/³ �] Ä ·Z�»Ì¾10,  ¤e/ÌÌ�  �]�Z/¯É 

 
9 POME: Palm Oil Mill Effluent 
10 GWP: Global Warming 
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»�Ì¾11  [M ¥��» Á12  ·{ Ä]Ì¶    ºÆ�¶]Z«ÄmÂe  ½MZÅ  ¯PeÌ|  .{�Y{  »Ê½YÂe  f¿ÌÄn  ] Ä¯ d§�³Ì�Z³Â  �Z¿Ê    Ä·Z]� �Y/Ë® 

�ÁZÀ§É  »YÌÃ|ÀÀ¯�YÁ|    Ä¯ d�Y»Ê|¿YÂe  Y�]É  /��Ì½|  /¸» ¥Y|/ÅY Ä/]Ê  Y�/]É  /Ë®  ��/¿YÉ  |ne/Ë|  ~/a Ë�  Za/Ë�Y| 
Ã{Z¨f�Y{�Â»  ³ �Y�«Ì {�Y . Ë¾    Ä ·Z�»»Ê|¿YÂe   Ë®  Y�] �Á�� Ä�¬¿É Äf�m�]�Z�É Za Ë�Y|É ·Âe/Ì| ]Ì�Z/³Â Y�/]É /Ë® 

|» Ë� Ëd » |¿Z¼�a\�ZÀ �Z] Á Ë]ZÊ ��¿YÉ �{�Â�¯ �·Z»É �Z] |]17[.  
  

�Á� Ã{Z¨f�Y{�Â»  �{�ne ËÄ¸veÁÌ¶  lËZf¿  
��Y Ë]ZÊ  u Äy�qÌcZ  

�Á� ��Y Ë]ZÊ u Äy�qÌcZ   ½Z»�Z� ��Âe]Ì¾¸¸¼·YÊ  {�Y|¿Zf�Y�ZÆq �{ � e Ä¸u�» Ë¦ »Ê {{�³  
1-  [Zzf¿Y ¶»Z�) Ä ·Z�» Ã{Á|v» Á ¥|Å ½{�¯ �z�» Ë®  {�°¸¼� |uYÁÉ(  
2-  ÆeÌÄ   {ÂmÂ» d��Æ§É  ��¿YÉ    Á {YÂ» Ä] �Â]�» �]ZÀ» ÁÓM �Z�f¿Y ËÃ|/ÀZÅÉ  � Ëd/�v»Ì�Ê  ¸ve)/Ì¶   d/��Æ§

u Äy�qÌcZ(  
3-  ��Y Ë]ZÊ  � ÃÂ¬·Z] cY�iY Ëd�v»Ì�Ê   {Á�Á Z] �^e�»ÉZÅ mÁ�y ÁÊZÅÉ Z�ZÀ�ÊËÃ|� ��Y) Ë]ZÊ  Ä/y�q cY�/iY

uÌcZ(  
4-  �¨eÌ� Zf¿ Ë l Y�]É  Ä] ®¼¯¼�eÌº³Ì½Z³|¿�  �{¼�eÌº³Ì�É Ä¿ZÅZ³M�e ]18[.  

�Á�ZÅÉ Ã{Z¨f�Y{�Â»  cÓZ¬» �{���]{�Â»Ê µÁ|m �{ 1 d�Y Ã|� Ã{�ÁM  
  

  µÁ|m1cÓZ¬» �{ cZÌu Äy�q Ê]ZË��Y .  
Ä·Z¬»   �Á�Ã{Z¨f�Y{�Â»  LCIA  Äf�{ |À]ÉZÅÉ  �]ZÀ»  

u Äy�qÌcZ  Á��YË]ZÊZÅÉ  
{Z�f«YÉ ·Âe Ì | ]Ì�Z³Â   �Y

�Ëd� Ã{Âe  ®^¸mZÅÉ 
 ®qÂ¯�Á� Z] aÌ�Z»�³Ë�  

e�Y�uÊ   º�Å �Á� �Y
]Ê�YÂÅ É  

��Y {�]�Z¯Ë]ZÊ  �{ cZÌu Äy�q  ·ÂeÌ | 
]Ì�Z³Â  �Y�Ëd� Ã{Âe  �Ë�  °^¸mÊ   Ä]

·ÂeÌ | ·Âe Á {Â¯Ì |   Ã{Y{ d^�¿ ©�]
»Ê{Â�   Z] Á¹�¿�Y�§Y openLCA ��YË]ZÊ  

|�  

GWP  ]16[ .  

��YË]ZÊ  u Äy�qÌcZ ·ÂeÌ |  
]Ì�Z³Â �Y  {Â¯  

 Ä]�Â�À» iPe Ä^�Zv»ÌcY� � Ëd�v» Ì�Ê 
 Äf�{ZÅÉ  �Y ,¦¸fz» Ä»Z¿�]ZÅ ËZ  cZv¨�

Za Z] �^e�» Ã{�f�³ Ë ÃZ´  Ã{Y{Ecoinvent  
¹�¿ Á�Y�§Ysimapro  Ã{Z¨f�Y Ã|�  d�Y  

GWP, ODP, EP, PE, ET, AP, 
PED, HTP, POF Á ADP, OIR, 

ALO  
]8 [  

��YË]ZÊ  u Äy�qÌcZ ·ÂeÌ |  
]Ìc�Â�]�Z³Â  ́ ¿ZyÊ  ��» �{  

µ|»�Z�É v»Ì�   �Á� �Z�Y �]
��YË]ZÊ  u Äy�qÌcZ   �Y Ã{Z¨f�Y Z]

SimaPro    Ä¯ |� �z�» .|� ¹Zn¿Y
�¿ZfaÌ ¶ Z»�³ Ë�  ¿ZÆmÊ 100 Y�] Ä·Z�É 

·ÂeÌ | 1 \ °»�f» ]Ì�Z³Â Y�� �{Ë�    ��»
 Ä]72/2 ¯Ì¹�³Â¸ CO2 µ{Z »» .Ê|��  

FD, MRD, WD, NLT, ULO, 
ALO, IR, MEC, FEC, TE, 
PMF, POF, HT, FE, TA, OD, 
CC  

]10 [  

��YË]ZÊ    Äy�qcZÌu 
¿Ì ÃZ³Á�ZÅÉ ]Ì�Z³Â ´¿ZyÊ    �{

��¿Y µ{Z eÉ  cY�iY Á�Ëd�v»Ì �Ê 
�Ìºf� ZÅÉ  �ZÌ¬» �{ �Z³ÂÌ] |Ì·Âe

HTP GWP, EC, EP, POP, AP  ]19 [  

 
11 LUC: Land use change 
12 WCP: Water consumption 
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¬»Ì�Z  ]�£ µZ¼� �{ ±��]Ê  
qÌ ¾  

 ±��]13 ]Ì�Z³Â  ®qÂ¯ �ZÌ¬» �{14  Z]
  �Y Ã{Z¨f�Y Ã{Y{ZÅÉ �¼m�ÁMÉ Ã|�   �{

�ne Ë Ä¸veÁÌ ¶  {ÂmÂ»É   Ä¸u�» �ZÆq �{
 Ä¬^� |À]É ,cZ�z�» , �Z�{�Y|¿Zf�YÉ  Á
�ne Ë Ä¸veÁÌ ¶ .½�Á ��YË]ZÊ |�  

��YË]ZÊ  u Äy�qÌcZ ¿Ì ÃZ³Á�  
·ÂeÌ | ]Ì�Z³Â ¬» �{Ì�Z   ±��]

Za �] Ë Ä  [Ô�Z§ ¾n·  

Y �Y ¥|ÅË¾  ���] �Z¯Ê ��YË ]ZÊ   Äy�q
uÌcZ iPe ÁÌ�  Ë® ¿Ì ÃZ³Á�  ]Ì�Z³Â  �]

�Æ� [Ô�Z§ ¾n· �Z�YÉ  ¿Ì ÃZ³Á�  
]Ì�Z³Â §�� Z]Ìd 6000 \ °»�f»  �{

¨�e Ì Ä Ä¿Zy {Â] [Ô�Z§.  �neË Ä¸veÁÌ ¶  
 cY�iY�Ëd�v»Ì�Ê  �Z¿Ê � �YÌºf� 

ZÅÉ �Z�YÊ ·ÂeÌ |  ]Ì�Z³Â Àr¼Å Á Ì¾  
���]Ê iPeÌ� ] �Y Ã{Z¨f�YÌ�Z³Â  Ä]½YÂÀ� 

Zm dyÂ� Ë�´ Ë¾  Ã{Z¨f�Y Z]  �Y
¹�¿�Y�§Ysimapro Á �Á�ZÅÉ ReCiPe Á  

midpoint .|� ¹Zn¿Y  

CC,ODP, AP, FA, ETP, HT, 
WD MD, FD  ]12 [  

ZaË�Y|É v»Ì�Ê   º�Å
Ê]É�YÂÅ  Ä·Z]�ZÅÉ   {YÂ»

Y~£ÊË  ´¿Zy Ê  

 cZÌu Äy�q Ê]ZË��Y �Á�µZ¼�Y Ã|�  
Y �{Ë¾  �Y Ä ·Z�» ¶¼ ·Y�Âf�{ZÅÉ  ISO 

14040/14044 aÌÁ�É » Ê |À¯  . Ã{Y{ZÅÉ 
¿{�Â»Ì�Z Y�  Ã{Y{ ÃZ´ËZaEcoinvent  

|¿|� kY�zf�Y  

GWP ÁET,HT, EP,  
AP,SPM,POP,ODP, TETP, 
FD, ME FEC  

]13 [  

��YË]ZÊ  u Äy�qÌcZ ¨�e �{Ì Ä  
�§{ Á  [Ô�Z§ ¾n·  

Zf¿Ël  Ä·Z¬» ¾ËY �{ Ã{Z¨f�Y Z]  �Y¹�¿�Y�§Y  
sima pro �Y �Á�midpoint-ReCiPe  

|� kY�zf�Y  
HT, POP, ODP, AP, GWP  ]14 [  

��YË]ZÊ    Äy�qcZÌu ·ÂeÌ |  
]Ì�Z³Â �{ º�qZÅ�Y|¿YÉ MË Ã|À  

�·Z» �{ É  

  Äy�q Ê]ZË��Y �Y ¶�Zu lËZf¿ ¶Ì¸ve
 �Y Ã{Z¨f�Y Z] cZÌu¹�¿�Y�§Y sima pro  �{

 Ä·Z¬» ¾ËY Ä]d�{Ã|»M  
GMP,CED,CEXD, NEG, PED  ]3 [  

�ne Ë Ä¸veÁÌ ¶    Äy�qcZÌu 
·ÂeÌ | ]Ì�Z³Â   º�Å �Y
Ê]É�YÂÅ   ¾£Á� Ä¿Zy�Z¯ [Z�a

º·Za  

��YË]ZÊ    Äy�qcZÌu )LCA  Ã{Z¨f�Y Z] (
 �Á� �YReCiPe 2016  Á¹�¿�Y�§Y  

SimaPro 8.5  |� ¹Zn¿Y  
WCP, LUC GWP,  ]17 [  

��YË]ZÊ  ��¿Y {�°¸¼�É    �{
u Äy�qÌcZ ]Ì�Z³Â  

�m ¹Z¼eË½ZZÅÉ ��¿YÉ � �{Ìºf� 
]Ì�Z³Â Z�ZÀ�ÊË  �Y ÁË®  { Ë ÃZ³|   Äy�q

cZÌu  Ä�Ôyd�Y Ã|� Z¬» �{ ÁËÄ�  Z]
] Ã{�Z]Ì�Z³Â �Z¿Ê »Ê{Â� .  

�ne Ë Ä¸veÁÌ ¶  Á� �]É  Á ¹Zy {YÂ»
�Ìºf�ZÅÉ ]Ì�Z³Â  {�Y{ �¯�¼e  

 -  ]6 [  

ADP   -  �¿ZfaÌ ¶  �zeË\  £Ì�  �Ëf�Ê, AP  - �¿ZfaÌ ¶ �YÌ |É  ,½|�CC  - ¤eÌÌ� ¸«YÌ,º EP  - �¿ZfaÌ ¶ §Á�eÁYÌ�Z°Ì,½Â FAETP  - �¿ZfaÌ ¶ »Â¼�»Ìd  Z//]
� [MÌ�Ë,¾  FE   -  Ë¿ÂÌ Ã�  � [M ½|�Ì�Ë,¾  GWP   -  �¿ZfaÌ ¶ »� Ã�¯ ½|� ¹�³Ì,¾ HT  - ¼�Ìd ¿Z//�¿YÊ, HTTP  -  //�¿ZfaÌ ¶ ¼//�Ìd ¿Z//�¿YÊ, IR  - 

 
13 LBP: Large Biogas Plant 
14 HBP: Household Biogas Plant
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  �]ZeË¿ÂÌ�Y�Ì½Â,  MAETP   -  �¿ZfaÌ ¶  »Â¼�»Ìd  �Ëd�v»Ì�Ê  �{ [M �{Ë,Z  NRE   -  ��¿YÉ   |neË |   ~aZ¿Ë,�  ODP   -   //�¿ZfaÌ ¶  �ze //Ë\  Ó //Ë Ä   ,½�Y
POCP   -  �¿ZfaÌ ¶  �¯YÌ�Y|Ì½Â  �Âf§Ì¼ÌZÊË,  TA  - �YÌ |É »� ½|�ÌÀÊ, TE  - �¿ZfaÌ ¶ »Â¼�»Ìd �Ëd�v»Ì�Ê »�ÌÀ ,Ê-LUC ¤eÌÌ� �]�Z¯É »�Ì¾-
WCP  [M ¥��»  ,ADP.B -  �¿ZfaÌ ¶  �zeË\ £Ì� �Ëf�Ê ,FAETP - �¿ZfaÌ ¶ »Â¼�»Ìd �]M //Ë½Z  //� [M �{Ì�Ë¾ ,HTTP -  //�¿ZfaÌ ¶ ¼//�Ìd ¿Z//�¿YÊ ,
ODP -  �¿ZfaÌ ¶  �zeË\  ÓË Ä    ,½�YTETP -  �¿ZfaÌ ¶  »Â¼�»Ìd  �Ëd�v»Ì�Ê  »�ÌÀÊ  -POP�¯Y ,Ì�Y|Ì½Â  �Âf§Ì¼ÌZÊË  -HTP�¿Zfa ,Ì ¶  ¼�Ìd  ¿Z�¿YÊ. 
¸zeÌ Ä   //�§Ì ¶ )FD( SPM ª//¸ » cY�} MD - ,É�//¸§ Ä//Ì¸zeET - ¼//�Ìd v»Ì //� ,Ê-OD �ÅZ//¯  ,½Á�ÁYFE -§Á�eÁYÌ //�Z°Ì½Â  //� [MÌ�Ë¾ ,ME -

§Á�eÁYÌ //�Z°Ì½Â �{ //ËZÊË ,POF -°//�eÌ ¶  //�¯YÌ½Y|  //�Âf§Ì¼ÌZÊË ,PMF -°//�eÌ ¶  ,cY�} Ã{Z//»FEC -»Â¼//�»Ìd  //� [M Z//]Ì�Ë¾ ,MEC -¼//�Ìd 
�Ëd�v»Ì�Ê  �{ËZÊË  ,IR -Âe�aÉ  Ë¿ÂÌ�Y�Ì½Â  ,ALO - ¶¤�  »�Ì¾ZÅÉ  ��ÁZ�¯É  ,ULO - ¶¤�  »�Ì¾  �Æ�É  ,NLT -µÂve  ^�Ì Ê  »���Ì¾,  WD -

¸zeÌ Ä    ,[MMRD-�ÅZ¯  ¿| » �]ZÀ»Ê  ,-FD  ¸zeÌ Ä  �§Ì ¶  ,PED -��¿Y �ÅZ¯É  ·ÁYÌ Ä,  ADP -�¿ZfaÌ ¶  Àm �ÅZ//¯Ì //À,Ê  OIR - //·M {YÂ//» �¨À//eÊ   Á
¿| »Ê  

  
µÁ|m2  . Ã{Y{ZÅÉ  {ÂmÂ»É  Y�]É  À°eÌ®ZÅÉ ¨�eÌ Ä   [Ô�Z§ ¾n·]Ì½Z Ã|�  {�°¸¼� |uYÁ �Å �{É  

ZaË ÃZ´    Â¯Y Ã{Y{
YËd¿ÂÀ1 

��ÁZ�¯ {�]�Z¯É    �{
¾n·   �Y Ã|� º�Å

��Ëª   º�Å
]Ê¬ É�YÂÅ 

��ÁZ�¯ {�]�Z¯É    �{
Ã|� d�Âb¼¯ ¾n· 

 ½|¿Y�Â� �ne Ë Ä  c�Y�u �iY �{
�¯YÌ�Y|Ì½Â YÂÅÉ 

 [Â��» 

  |uYÁ
  �Å �{)

1000 
¯Ì¹�³Â¸

  Ã{Z»
®�y (

{Â^Æ]  ¾n· Ê] º�Å É�YÂÅ    ½{�¯ �Â¸z»
 d�Âb¼¯ 

 �ÂÌ¨Ë�f¿Z�   Ê§Z� ��a  �¼Ì¸a ½{Á�§Y  

��Âf» �Zf·Á ,©�], �{ 
 Ä°^� )½Zf�¸´¿Y ( 

6/88 2/33 50/52 0/40  kwh

 µ�Ë{  91/8    kg

Ê¸a) �¼Ì¸a ¶Ë�¯Y |Ì»M (   72/3 00/5 10/0 kg

 �Z�f¿Y�¯Â¿Â» Ì |  ¾]�¯ 84/0     kg

 �Z�f¿Y{É�¯YÌ |  
½�Á�fÌ¿ 

85/0     kg

 ½�Á�fÌ¿ |Ì�¯Y �Z�f¿Y 02/0     kg

cY�} �Z�f¿Y  )PM10( 08/0      kg

 
y}Ì Ã� �Z�É  

ÁZÅ{�]�Z¯É  
��ÁZ�¯ {�]�Z¯ É �ne Ë Ä  c�Y�u �iY �{  

��Âf» �Zf·Á ,©�] 
�{  Ä°^�f�¸´¿Y) (½Z  

٥/٥٨    ٢٤٤  kwh 

 µ�Ë{ ٧٣/٠  ٧٣/٠      

�Z�f¿Y ½Zf»  ٢/٣  ٦/١   ٤٨٠  g 

 �Z�f¿Y �¯Â¿Â» Ì ¾]�¯|     ٢١٧  g 
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�Z�f¿Y É{   |Ì�¯Y
½�Á�fÌ¿ 

   ٦٦/٣  g

 
 º�Å

]Ê�YÂÅ É 
  d�Âb¼¯ ¾n·

Ã|� 
 ½|¿Y�Â� �ne Ë Ä  c�Y�u �iY �{�¯YÌ�Y|Ì½Â YÂÅÉ 

 [Â��» 
 

�Z�f¿Y  Ê·M cZ^Ì¯�e
 �Y�§15  

   30/44  g

{ �Z�f¿YÉ �¯YÌ |   ¾]�¯174- 192 39/8 315 4/86 kg

§ cY�Z�f¿Y¸ �¿Y�Â   0/3E-5   ng

�]ZÀ»  ]23,20[ 
  

]23,21[ 
 

]23,20[ 
 

]23,20[ 
  

]23,22[  
 

]23 [

١-  Ã{Y{ZÅÉ  cY�ÌiPe ¾Ì¼ze ÉY�] É{ÂmÂ»�Ëd�v»Ì�Ê ]20 [  
  
  
  
  

  
 µÁ|m3 .´À� cY�¸§ d�¸£Ì¾  µÂ¸v» ��¯ Á ¶]Z«¤eÌÌ� �Y �{Ì |   [Ô�Z§ ¾n· �{  

 
15 VOC: Volatile organic compounds

{YÂ» 

 ¾n· d�¸£) [Ô�Z§mg/kg DM( 1  Â eË� -    �{ µÂ¸v» ��¯�YÌ | )(|��{  

¾Ë�f¼¯  »Ì´¿ZÌ¾ ]Ì�f�Ë¾  º�Å]Ê�YÂÅÉ2  Ã|� d�Âb¼¯3  
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µÁ|m4  .Á�Y{ cÓÂ�v» d�¸£ ÊË �z� d^«Y�» Á Ê16  [Ô�Z§ ¾n· �{µZ¼�Y Ã|� »� �{ Ì ¾  

PPCPs 
 d�¸£) ¾n·μg/kg DM(  

�]ZÀ» 
�f¼¯Ë¾ »Ì´¿ZÌ¾ ]Ì�f�Ë¾  

 ­ZÀ§Â¸°Ë{ 100 125 150 [27] 

 ¾§Á�aÂ^ËY 100 300 500 [28] 

 ºË�aÂf¼Ë�e 10 45 80 [28] 

 ¾Ì�ËZ»Á�fË�Y 50 100 150 [28] 

µÁ�Z�¯Âf»Z¨·Â� 2 4 6 [28] 

 ¾Ìa�Z»Z]�Z¯ 100 150 200 [28] 

½Á�f�Y 10 20 30 [27] 

{Y�f�YËµÂ17  -  Zf]  10 20 30 [27] 

�eË ½Y�Â¸° 9000 10,000 11,000 [28] 

  

٣ . :[Ô�Z§ ¾n·  

 
16 PPCP: Pharmaceutical and personal care products

»{Z¯ÌÂ
¹ 

۴/٠/١٠ – ٨٠/٣ ١/٢ ٠ 

¹Á�¯ ١۶ ١۴۶ ٢٧۵ ٢٠/٠ – 

�» ٣ ٣٩۴٠ ۶۴١ ۴٠/٠ – 

¿Ì ¶°  ٩ ۵٠/٣ ٩٠ ٠۶ ٠/١٠ 

 �////¸§
Á�É  ١۴١/١ ٢٠٠٠ ١٠٧١ ٢۴  ٠۴/٠ 

 ]٢۴[  ]٢۴[  ]٢۴[  ]٢۵[  ]٢۶[  
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¨�e �³YÌÄ    ¾n·Ä]�Â�  Y�] �ZyÉ  ·ÂeÌ|  ZÅ{Â¯É  Za ËÄ    ¾/n·���YZ/]    ÓZ/] Ã{Á�/§YuY��ÊÃ|/�  |/�Z],   { Ë�/´ 

¼¿Ê½YÂe  Y� ¾n·Ä]½YÂÀ�  Ä°¸] d§�³ ��¿ �{ Ä·Z]�Ä]½YÂÀ�  ­�f�» µÂ�v»¨�eÌÄÄ¿Zy [Ô�Z§  [Â�v»»Ê {Â�.  
  

3-1 ] º�ÅÊ�YÂÅÉ )AD(  
¨�eÌÄ  |^e ¹�¸f�» [Ô�Z§ Ë¶  ³{Â·MÊ   0Z�Z�Y) µÂ¸v»¾]�¯ ,½�Á�fÌ¿  Á�¨�§ Ä] (� Ëd�Ã{Âe ¾n· .d�Y �Y ¶�Zu 
ZÅ|¿Z¼�aÉ    [Ô�Z§ Ë®    �{ Ã|¼� ¶°�»¨�eÌÄÄ¿ZyZÅÉ  [Ô�Z§    {Á|u Ä¯ d�Y50  |��{   Ë�ÅÄÀ  ¿ ¶¯ÌÃZ/³Á�   �{ Y�

 {�Y{�]  .] º�ÅÊ�YÂÅÉ  �e{�]�Z¯�a Ë¾  Y�] �Á�É  d§ZË�Z] ¾n·d�Y Àr¼Å ÁÌ¾ » Ä] Y� ½M ºnu/Ì½Y� ¶/]Z«ÆmÂeÊ 
]Ì¾  20    Ze70    �ÅZ¯ |��{»Ê|Å{  ]29[.  Ä]�Â�  Ã{�f�³YÉ  ��Y�³Ã|�  ] º�Å Ä¯ d�YÊ�YÂÅÉ  ]Ây {�°¸¼�Ê   �{

v»Ì�    {Â^Æ] |¿Á� .{�Y{ ËÄq�Zb°  ] º�ÅÊ�YÂÅÉ  ��ÁZ�¯ �Y Ã{Z¨f�Y ÁÉ  ¿Ì�  ·{ Ä]/Ì¶  ¸ze Á �/f¼¯ �Z/�f¿Y/ÌÄ  ��/¿YÉ, 
�Z³�Z�É  v»Ì�Ê  �fÆ]É  ] {�Y{22[.  ] º�ÅÊ�YÂÅÉ  Ä]½YÂÀ�   Ë®  Á� Ë {�°  Y�] |»M�Z¯É  ·ÂeÌ|  � dyÂ� Ëf�Ê   ��¿ �{
» Äf§�³Ê {Â�  ]16[.  ¸£ [Z£Á{Ì�  ¬f�»Ì0Z¼  ¼ze �Âf¯Y� ½Á�{ Ä]/Ì,�    d/ve¿ÌÄ/¯�v»Á�  ¿ Z/] `/¼a/Ì�Z  ��/¿YÉ  036/0 

¯ÌcYÁÂ¸    �{ d�Z�\ °»�f»  �¬e) Ë0Z^  00185/0  �Ó{    �{\ °»�f» ¶¬fÀ» (»Ê {Â� �{ .¼ze �Âf¯Y�Ì,� ��/¿YÉ ¿{�Â»/Ì�Z 
Y�]É    �Y [Z£Á{ ½{�¯ ¹�³25    Ze35    Äm�{f¿Z�Ê {Y�³  ] ©Y�fuY �YÌ�Z³Â  �{ Ë® ¶ �» °¼¯Ê )60  �Ó{¯ �/]ÌcYÁÂ/¸ 

d�Z�d�Y ( ]30[.  
  

3-2  º�ÅÊ]É�YÂÅ Ä]½YÂÀ�  Ë® ¸¯Ì|  �y�q {Z�f«Y �{Ê |» Ë� Ëd [Ô�Z§  
  º�ÅÊ]  É�YÂÅ Ë®  �ÁZÀ§É  |^e Ä] ºÅ{�Â¿ ½�« �Y .d�Y ¢·Z] 0Ô»Z¯ Ë¶ Y�/mY Á ª/¸ » cY�}É /·MÊ  �Y µÂ/¸v»

 ½Zf» Ä] [Ô�Z§ Á [Z�aÄfyY{�aÃ|� d�Y ]31[ .¶�Y �{, Ê] º�ÅÉ�YÂÅ Y�]É ^jeÌd ZÅ{Â¯É /»Y{Ê  �/§{ {YÂ/» Á
¿Z�¿YÊ  Ã{Z¨f�Y{�Â»    �Y�«»Êd§�³,    Z/»Y�/a½M�Y  0Ze|/¼�  Y�/]É  ¨/�eÌÄ  ZÅ|¿Z¼/�aÉ    |/»Zm� Ëd/�Ã{Âe   �Y ¶/�Zu
M�§ ËZÅ|ÀÉ  ]Ì�Â·Â Ë°Ê  Y�]É  ¨�eÌÄÄ¿Zy  ´¿Zy [Ô�Z§Ê    ÄÅ{ Ze1970    Ã{Z¨f�Y»Ê|��Z] ¹Â/Æ¨» ./Ë]ZÊ  ��/¿YÉ   �/�Âe

Ê] º�ÅÉ�YÂÅ  YÁY Ze Ë¶    ÄÅ{1970    ¶»Z�¼¿Ê|�    Ä¯ºÅ½Z»�   {Z�f«Y ½Y�v] Z]É  �Z¿Ê  Y�§Y �Y Ë�   «Ìd¼  dyÂ�ZÅÉ 
 �§Ì¸Ê    ¾f§�³ ��¿ �{ �Á�� Ä�¬¿ Á {Â]  º�ÅÊ]É�YÂÅ  Ä]½YÂÀ�   Ë®  �ÁZÀ§É  ¸¼�Ê  Y�]É  |^e Ë¶  Z� ËcZ    «Z]ÌÃ|¿Z¼  /ËZ 

��¿Y cÓÂ�v»É  ��¿Y Ä]É  � Ëf�Ê  )Ä]½YÂÀ�  ]Ì�Z³Â   ËZ  ]ÌÅÂÌ½�Á�|(  -Y�]ZÀ] Ë¾  ��¿Y µ{Z eÉ  /Ë®  ¸¯ ¹Z/³/Ì|É  Y�/]É 
·Âe Ä] ¾fyY{�aÌ|  ]Ì�Z³Â  Za Ë�Y|  ZÅ{�]�Z¯ �{É  |m Ë|  Ê] º�ÅÉ�YÂÅ  |À¿Z») d�Y,  Y�]É  »µZ/j  �/¼ne ,� Ëd/�Ã{Âe 

·Ì�·Â¸�ÂÀ´ Ë®  .(YZ] Ë¾µZu  ,ZÅÂ´·YÉ  |m Ë|  � �{Ìºf�  ·ÂeÌ|    ¹ÂÆ¨» ��f�³ ½Z°»YÊ] º�ÅÉ�YÂÅ  �{ Y�»�ÌÄÀ  �Z] Ë]ZÊ 
.d�Y Ã{�¯ ºÅY�§ Ä·Z]� �]ZÀ» �Y �]ZÀ» ¶»Z e Ê] º�ÅÉ�YÂÅ  {Z�f«Y ¹ÂÆ¨» Z]Ê�y�q  0ÓZ/¼fuYs��»Ã|/�  {Â/],  Z/»Y

  Z] 0ZÀX¼�»Ã{Y{ZÅ  f�aÌ¿Z^Ê  |�  ]32[ �y�q {Z�f«Y ¹ÂÆ¨» .Ê  Y�]É  ·ÂeÌ|  f À�Ê  Za Ë�Y|    Äy�q ¶»Z�cZÌu   Ë®   µÂ�v»
"Ã�YÂÆ³ Ä] Ã�YÂÆ³"  W�m �Y {|n» Ã{Z¨f�Y Z] Ä¯ d�YÊ    Y�mY �Y ËZ  �Z] Ëd§Z  Y�mY ¶»Z¯É  �Z�YÊ  Y�/]É   {YÂ/» dyZ/�

·ÁYÌÄ  |m Ë|  ]33[.  |» Ë� Ëd  Za Ë�Y|  [M�Z] , Ëd§Z  �Z] Á [M Ë]ZÊ    ½Zf�Y{ Ä] Y� �]ZÀ»»ÊY�§Y Ë|/§� » .Ê  ¹Â/Æ¨»  Za/Ë�Y|É ,
|» Ë� Ëd   e [MÌÌ¾   «Ìd¼  Y�mYÉ    Ä¼Å �Y Á [MºÆ»�e  Y�] �ÔeÉ  |» Ë� Ëd  Za Ë�Y|  �Á�� Y� [MÉ  /»Ê|/À¯ ]34[ - Z/»Y

��¿Y�a cZ�uÔ»É Y�]É f�{Ì]ZÊ Za Ä] Ë�Y|É  �{ Ë® ¿Z»� Ã�Z]Ê �Á�� ÃZeÂ¯É n¿� Ä] ÄmÂe Z] .d�YÌÃ� »PeÌ¾  Ä] Ä·Z]�
��¿YÉ17Z�Z¬e ¶� » ¶u ,É  ��¿YÉ|» , Ë� Ëd  ZÅ�Z³ �Z�f¿Y Á |¿Z¼�aÉ  Ä¿Zz¸³YÉ18  Y�]É    ½ZÆm t�� �{ �»YÂmÄ¿ZÆÀe 

 
17WTE: Waste-To-Energy Supply Chain 
18 GHG: Greenhouse Gases 
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 Ë®  ��¿Y�a d��§É  Ä]) d�YÁ ËÃ�  �]YÉ  ZÅ�Â�¯É  Ã|ÀÀ¯{�YÁ  �§ dyÂ�Ì¸Ê Ä°¸] (ZÆ¿�{ Ëd , Ë® ¿/Ì�Z ¿Z/�¿YÊ d/�Y 
]35[.  

  
3-3 |m ¹ÂÆ¨» Ë| ] º�Å �{Ê�YÂÅÉ  
µZ�  2014  »|�Ì¾  M�§ {�´·Z� Ë|À  µZ § ¾n·19  � �{ .{Â]Ê  Y Ë¾  µZ�,ZÅ  ¨�eÌÄ  ] [Ô�Z§Ì�Â·Â Ë°Ê   �§� µZu �{

eZ»|¬» d»|« ÁÊ    Ã�Á�»Y Á d�Y Ã{Â] Ë¾f§Z  ¨�eÌÄÄ¿Zy  [Ô�Z§  ¨�e ½Á|]ÌÄ  µZ § ¾n·  £ÌµÂ¼ »�    .d�YYZ] Ë¾µZ/u, 
¿Y�´¿Ê    {�Â» �{ {Á|v» ËdZÅÉ  M�§ Ë|À  µZ § ¾n·  Ä]�Â�  ·{ Ä] Ã|¼�Ì¶  Z�Z¬eÉ  ��¿YÉ  �/Ë {Z,  /�¿ZfaÌ¶  ÓZ/] �Z/�f¿YÉ 

ZÅ�Z³É  Ä¿Zz¸³YÉ   �¿Zfa ÁÌ¶  �Z] Ë]ZÊ  Y�] {Á|v»É  ¾]�¯  Z� Á Ë�  Y�§Y �]ZÀ» Ë�  »Ê Ë|]Z  -Y�]ZÀ] Ë¾,    ¹�ZÆq ¶�¿Ä°^�ZÅÉ 
¨�eÌÄÄ¿Zy  [Ô�Z§    µZu �{|^e Ë¶½|�   «YÁ Ä]Ìd  yY Á d�YÌ0Y�  �³ �ZÆq ËÄÀ  Â«É Y�]É M�§ Ë|À µZ/ § ¾n· ÄWY�YÃ|/� 

 ¶°�) d�Y1(.  Ä¼Å½MZÅ Ä]�Â¿Ê ]�»�Â M�§ Ä] ËZÅ|ÀÉ Ê] º�ÅÉ�YÂÅ  {Z�f«Y ÁÊ�y�q ] |Àf�Å36[.  
•  e�Z¯ ®»Ê  ) ½Y�Z°¼Å Á2011¨�e (ÌÄ  ] [Ô�Z§Ê�YÂÅÉ  ��¿Y º¯É ¸�Y �y �{ Y�Ê aÌ {ZÆÀ� ] |¿{�¯37[, Y/Ë¾ 

Àf^» ¹ÂÆ¨»Ê  Zm �] Ë�´ ËÀÊ  M�§ Ë|À  µZ § ¾n·  ��Âe Ë® M�§ Ë|À Â¿Zi ËÄ Ê]É�YÂÅ Ä] �nÀ» Ä¯ d�Y100 |��{ Ì/�¿Zfa¶ 
]Ì�Z³Â  ]Ì�f�  ,50  |��{  �ÅZ¯  ¾n·   �§{  Ã|�  Á  Ì·Âe|  ��¿YÉ  ¿ ¶¯ �{ �·ZyÌÃZ³Á�  »Ê {Â�Y . Ë¾    ¹ÂÆ¨»"º¯�Å ËÄÀ  " 

  Ã{Â]Â¿ �Y Ã{Z¨f�Y Z] �Â�z] Á�    �Âf¯Y�Ê��Âa  Ê]É�YÂÅ    Z] ¾n·�m Ë½Z  Ã|¿Á�ÓZ]20 Ä]�Â� ¬§Â»Ìd»MÌ�É  |ÀÅ �{
�»M Á ËZ°É  eÓÌ¾  µZ¼�YÃ|�  d�Y  ]38[  .YZ] Ë¾µZuY , Ë¾  |» ¶»Z� ¹ÂÆ¨» Ë� Ëd �Z] |»M�Z¯/Ë]ZÊ ~/¤» {YÂ/»É ¿Ìd/�  Á

  0Z§�� [Z�a {ÂmÁ Ä]    Ã|»MY�] ZeÉ  ]MÌ�ZÉ    .{Â� Ã{Z¨f�Y Ë®  �³ ËÄÀ  ¯�e \·ZmÌ\  Y Ë¾  M�§ Z] ¹ÂÆ¨» Ë|/À  �¯YÌ/�Y|Ì½Â 
¿Â»MÌ¹Â Ê]É�YÂÅ21 Y�]É ] �YÌ¾  §Z�Y �Y|¬» ½{�]Ê ½�Á�fÌ¿  d�Y Á�Z] Ë]ZÊ �¨�§  |»M�Z¯Z¿] d�Y39[.  

•  ÁÂ¿Zm{�] Á dyY�|�Â· ½Á Ë p  )2014|^e ¹ÂÆ¨» ( Ë¶  ¨�eÌÄÄ¿Zy  [Ô�Z§    Ä] Y� Ë®  ] Ä/¿Zy�Z¯Ì�Â/·Â Ë°Ê  Y�/]É 
�Z] Ë]ZÊ  [Ô�Z§ �{ {ÂmÂ» �]ZÀ»,  Ä]Á ËÃ� ³{Â·MÊ ·MÊ ·Âe ÁÌ|  �]ZÀ»���YZ]  Ä¯ ÓZ] Ã{Á�§Y»Ê|À¿YÂe  �Y�Z/] �{ Ã�Z]Á{

|¿Â� {�YÁ,   §� »Ê    .|¿{�¯Ä]c�Â/�   .Ã�YÂ/Æ³ Ä/] Ã�YÂ/Æ³Ä/¯Zn¿M�Y |/^e Ë¶ ¬f/�»Ìº Y�/mYÉ /·MÊ  cÓÂ/�v» Ä/]
¶]Z«Ã{Z¨f�Y  Y�]É  ·{ Ä] ½Z�¿YÌ¶    ¶»YÂ�]Ì�Z/¼ÉY�  ³{Â/·M ÁÊ  ´À/� cY�/¸§Ì¾  Ä]fz/�Ê  ½Z°»Y~/a Ë�  d/�Y,  ½ÂÀ¯Z/e

�³ ËÄÀZÅÉ  ^·ZmÊ Ã|��ÅZ� d�Y, ¯�e |À¿Z»Ì\ £Ì¬f�»�Ìº ¾]�¯ �Z¿Ê  �YÊ] º�ÅÉ�YÂÅ Å Z] [Ô�Z§ [Z�a/Ì½�Á�| 
��ÂyÌ|É  -  ·Á�f°·YÌ�    [MY|Å ËdÃ|�  Y�]É    |��� Ëd�Ã{Âe  �Ì¼Ê   §Á�f·YÌ°Ê    Ä¯ d�Y»Ê|/¿YÂe  Y�/]É   kY�zf/�Y
XeÁ�aÌ¾ZÅÉ  ®e·Â¸�Ê  ¯Y�ÂyÊ   ËZ  ]�aÌeÂÌ®  Ã{Z¨f�Y{�Â»  ³ �Y�«Ì {�  ]40[.  Y Ë¾   �Y ¶/»Z¯ Ã{Z¨f/�Y Ä/] �/nÀ» ¹Â/Æ¨»

 «Z]ÊÃ|¿Z» ¿Ì½�Á�f  [Ô�Z§ �Y»Ê {Â�.  
•  Y�mY ¹Z¼e ¾f§�³ ��¿ �{ ¹ÂÆ¨»É    [Ô�Z§Ä]½YÂÀ�    �]ZÀ»���YZ]  ��Âe    dË�f�Á  Ä/WY�Y ½Y�Z/°¼Å Á] |/�34[ .

�Z/�Y|m µÁY Ä¸u�» ¶»Z� �Z�YÉ   §Ì� Ë/°Ê  Y�/mY Á{ �/Å �Y [MÉ  ·YÂ/e Z/] ª/¸ » cY�} Á µÂ/¸v»Ê ©Â§Ã{Z/ ·Y  Á
 §Â¿Z¿Ì�Y�f¸Ì½Â  ¸�Y �y) �Â° » �¼�Y µZ^¿{ Ä]Ê, 90 |��{ m� Ë½ZY�/§Y ¹Á{ Ä/¸u�» Á ( Ë�  d/�¸£/Ë®  µZ/�{�y

�m .d�Y Ë½Z  )10  |��{   Ë�m½Z(    Ä¯Ä]\mÂ»  Y�mY ¹Z¼e ½MÉ    �/¯�¼f» [Ô/�Z§»Ê|¿Â/�Y �{ ./Ë¾  M�§ Ë|/À,   º/�Å
Ê]É�YÂÅ  �Z�Y �¬¿Ê Y ËZ¨ »Ê|À¯,  � ËY�  ·ÁYÌ¾ Ä¸u�»YÉ  ·M {YÂ» ¹Z¼e Ä¯ d�YÊ ¶]Z«�ne ËÄ ] Ä]Ì�Z³Â |^e Ë¶ »Ê |¿Â�

]34[.  
  

 
19 AS: Activated Sludge 
20 UASB: Upflow Anaerobic Sludge Blanket
21 Anammox: Anaerobic ammonium oxidation 
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 ¶°�1ÅZ¨» .Ìº  |m Ë | Y�]É ¨�eÌ Ä  �Z] Z] [Ô�Z§Ë]ZÊ  ��¿YÉ �� �YËª  º�ÅÊ]É�YÂÅ �Z] {Â^Æ] ÁË]ZÊ �]ZÀ»   ]80[.  
)¦·Y ("��¿YÉ º¯"  �y ¹ÂÆ¨»¸�YÊ ]37[  

 Ä¿Zy�Z¯ ¹ÂÆ¨» ([) ] [Ô�Z§40[  
)_°¨e (Ì®  ¹ÂÆ¨»�m Ë½Z] ZÅ34[  

)c �¬e ¹ÂÆ¨» (Ìº-�Z�f¿Y-�Z] Ë]ZÊ ]41 [  
  

3-4 º�ÅZÅÉ ]Ê�YÂÅÉ ¨�e �YÌÄ �Æ� [Ô�Z§É  
  ÄÌ¨�e[Ô�Z§ZÅÉ  �Æ�É22  Y�]É    cY�iY �ÅZ¯� Ëd�v»Ì�Ê  ·M d»ÁZ¬» Z] Ä¯Ê  �z�» º¯»Ê {Â/� ]42 ,43[. 

½Z¼Å�Â�  �Âe 0Ô^« Ä¯Ì t  |� Ã{Y{,  �§M ËZÅ|ÀÉ  Ê]É�YÂÅ  Y�»/ËZÉ   {|/ f»É  M�§ Ä/] d^/�¿ ËZÅ|/ÀÉ  �YÂ/ÅÉ   ½Z/�¿
»Ê|ÀÅ{ :½MZÅ ]Ì�Z³Â   Y�Ä]½YÂÀ�   §Z�Y �^À»Ê  ��¿YÉ   d�{ Ä]»Ê|¿�ÁM,  ·ÂeÌ|   �Y �f¼¯ ¾n·�Ìºf�ZÅÉ �YÂÅÉ   d�Y

£ {YÂ» �Y {|n» Ã{Z¨f�Y ½Z°»Y ÁÌ�  ·MÊ   {�Y{ {ÂmÁ  ]42[  .¸�Y ¥|ÅÊ  M�§ ËZÅ|ÀÉ  Ê]É�YÂÅ    �Z¯½Z»�Z]  ¾/n· |¿Z»23 
¿ÓÂ�Ê  ·{ Ä]Ì¶    |À¯ |��»Ì¿Z³�YÁ�°Ìº�ZÅ  ·M c�|« Ä] �Â]�»)Ê  ¿Z/» [Ô�Z§ º¯Ì�ÂfY �Y .d/�Y (/Ë¾  �/�¿,   Äf/�Âa

] �Âf¯Y�Ì�Â·Â Ë°Ê  Ê]É�YÂÅ24   Ë®  �³ ËÄÀ  »YÌÃ|ÀÀ¯�YÁ|  |Àf�Å,  � ËY�  »Ê|À¿YÂe  ½Z»�|¿Z»  ÅÌ·Á�|Ì°Ê25   Y|m ºÅ �Y Y�
|ÀÀ¯,  �¨u Y� ¾n· d�¸£ Á |ÀÅ{ �ÅZ¯ Y� �Âf¯Y� ºnu|ÀÀ¯ ]42[  .½Z¼Å�Â�  Zm �{ Ä¯É   { Ë�´  ��Y�³Ã|�  d�Y, 

 
22 UWWTP: Urban wastewater treatment plant 
23 SRT: solid retention time 
24 AnMBR: Anaerobic membrane bioreactor 
25 HRT: Hydraulic Retention Time 
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Y Ë¾  �Ìºf�ZÅ  Àr¼ÅÌ¾  »Ê|À¿YÂe ·ÂeÌ| Z¬» �{ Y� ¾n· ËÄ�  Z] Ë® M�§ Ë|À �YÂÅÉ |ÀÅ{ �ÅZ¯, ��¿Y ¥��»É Å{YÂ/ÅÊ 

] �Y Y�Ì¾  ·Âe ½Zf» Á |¿�^]Ì|  |ÀÀ¯]44[ . { ¥�� �Y Ë�´, ¾§�ÁMÉZ/ÅÉ ] �Â/f¯Y� Äf/�ÂaÌ�Â/·Â Ë°Ê Ê]É�YÂ/Å  Äf/�Âa
Ê] Ê°Ë�Â·ÂÌ] �Âf¯Y�É�YÂÅ  Z » Ë^Ê    [Â�� |À¿Z»�Y{ Ä·Zz¿  |� [Â�� Á Ë|  [Â���Y~³Äf/�Âa �{ É  ½{Â/] ½Y�/³ Á

  Äf�Âa½Z�¿Y�ZÅ  »Ê|Å{  �{ . {�Â»  µÁY,  ��/¿YÉ  Y�/]É  ³Â/¸mÌ�É    �Y[Â/���Y~³É    Äf/�Âa �{¿{�Â»/Ì�Z d/�Y  Ä/¯
»Ê|¿YÂe  �m �ÅZ¯ h�Z] Ë½Z    }Â¨¿Äf�Âa  Y�§Y Á Ë�  �Å ËÄÀZÅÉ  ¸¼�ÌeZÊ  Â� {  ]45[.  Y�]É  Y ½{�¯ {Á|v» Ë¾ ¶°/�»,  �Y

Y�] �Z³ [Z^uÉ  Y�§Y Ë�    Ã{Z¨f�Y �Z� t��»Ê {Â�Y �] ÃÁÔ� . Ë¾,    Ê°Ë�Â/·ÂÌ] �Âf¯Y� Äf�ÂaÊ]É�YÂ/Å  Y�/]É   {Â/^Æ]
  ½Z°»Y� Ëd�v»Ì�Ê  Y Ë¾  �ÁZÀ§É  ¿Ì�Z  �Z] Ä] Ë]ZÊ  ~¤» {YÂ»É  ¹Zn¿Y�� .|¿�Y{ [Z�a �Y ½Zf» Á,   Ê°Ë�Â·ÂÌ] �Âf¯Y� Äf�Âa

]Ê�YÂÅÉ  Y ¹Z´ÀÅ Ë {Zn   { ½Z�Â¿�  ¯�eÌ\  [Ô�Z§,   ËZ  »Z´ÀÅÊÄ¯  ¯�e Ã{Â·M {YÂ»ÌcZ^  ¼�Ê  Y Ë {Zn  »Ê|/ÀÀ¯,   cÔ°/�»
¸¼�ÌeZÊ    ½Z�¿ Y�»Ê|ÀÅ{  ]45-47[  .½Z¼Å�Â�  /�Âe 0Ô^/« Ä/¯Ì t  |/� Ã{Y{,  �Ìºf/�ZÅÉ   Ê°Ë�Â/·ÂÌ] �Â/f¯Y� Äf/�Âa
Ê]É�YÂÅ    Y�»Ê½YÂe  a Ä� �{Ì|À]�°É   {�¯ \�¿,  a Ä] �Â]�» {�Â» Á{Ì|À]�°É  Ä�Â£�Ád�YY . Ë¾  �Ìºf�ZÅ  �ÁZ/À§É 

Ê] �Âf¯Y�ÂÌ] Äf�Âa  É�YÂÅÄ�Â£�Á  Ã|�26  »Z¿ÌÃ|  »Ê|¿Â�  yY Ä¯Ì0Y�  Ä]½YÂÀ�   Ë®  �ÁZÀ§É  »YÌÃ|ÀÀ¯�YÁ|  Y�]É  ¨�eÌÄ 
�Z§[Ô  �Æ�É    �ÁZ¯ {�Â»Äf§�³�Y�«  .d�Y  ¶e�a  ) ½Y�Z°¼Å Á2013  ��Y�³ ( Ë®    Ä ·Z�»� Ëd�v»Ì�Ê  �ÁZ/À§ �YÉ 

Ê] �Âf¯Y�ÂÌ] Äf�Âa¬É�YÂÅ  Ä�Â£  �ÁÃ|�  ZÅZ»{ �{É    �Y Ã{Z¨f�Y Z] ¦¸fz»�ne/ËÄ¸veÁÌ¶  LCAM�§ s�/� . Ë|/À   �{
  ¶°�2    ½Z�¿Ã{Y{Ã|�  d�Y  ]44[.  �Ìºf�  Ê] �Âf¯Y�ÂÌ] Äf�Âa¬É�YÂÅ  Ä�Â£  �ÁÃ|�  ��Y�³Ã|�    ��Âe Ë®   �Â/f¯Y�

Ê]É�YÂÅ  Z�£ ½�z» Á{ Ä] ¶�f»  ZÅZ�£ ¶»Z� Ä¯É ¨�e ©Â§ÌÄ �ZneÉ Y .d�Y Ë¾ ÃZ³Á�Ì¿ ¾n· |¿Z»27 {Zf¨Å ,  �Z¯ �Á�
»Ê|À¯ Z»{ ÁÉ Ä ·Z�»{�Â» 20  Á30  Äm�{f¿Z�Ê {Y�³d�Y ]48[.  

  

 ¶°�2. M�§ s��Ë |À SAnMBR  Y�]É  Ä°^�ZÅÉ  [Ô�Z§�Æ�É ]80[ .  

 
26 SAnMBR: Submerged Anaerobic Membrane Reactor
27 SRT: Sludge Retention Time 
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3-5 cZÌu Äy�q Ê]ZË��Y   º�ÅÊ]É�YÂÅ ¨�e ÃZ´�ËZ»�M �{ÌÄ [Ô�Z§  
�m Ë½ZZÅÉ  ·Âe [Ô�Z§Ì|�z] �{ Ã|�ZÅÉ  f À�Ê  YÂfv» Z] 0ÓÂ¼ »É  ·MÊ  � Ë {Z  ¸£ ÁÌ�  ¯�e {ÂmÁ ÁÌcZ/^ /·MÊ 

aÌrÌÃ|    ÁÄ]�|e Ë l  ¶]Z«�ne ËÄ  ]Ì�Â·Â Ë°Ê    �z�»»Ê|¿Â�    Ä¿Zy�Z¯ Ä] Äf�] Ä¯Ä ·Z�»{�Â»  ¨�eÌÄ  ½MZÅ ¿ ½Z/�MÌd/� 
]29[uY�� �{ .Ê  ¨�eÌÄÄ¿ZyZÅ[Ô�Z§ É28  ,Ä]Á ËÃ�  Y�]É  [Z�aZÅÉ  f À�Ê/�Â�y Z/] �^e�/» ¶»YÂ� d�Y ¹�Ó ,ÌcZ 

  .{Â� Äf§�³ ��¿ �{ [Ô�Z§YZ] Ë¾µZu {Z�f«Y ¹ÂÆ¨» , �y�qÊ ÅZ¨»Ìº ¨�eÌÄÄ¿Zy iPe Z] Y� [Ô�Z§ÌcY� � Ëd/�v»Ì�Ê 
�Å ,º¯ ËÄÀ  ¸¼� ÁÌcZ  Z»�� ËÄ�Y~³É    ÁÃ�Æ]�ÁÉ  ÓZ]É  ��¿YÉ  Z� Ä] Ë�  �ÁZÀ§ÉZÅ  d�Y Ã{�¯ ¶¬fÀ»  -Y�]ZÀ] Ë¾  ,¨�eÌÄÄ¿Zy 

Z] [Ô�Z§ Ë|  Ä¿ZÆÀe  ¼e [Z�aÌ�  ¿YÂ« Z] ª]Z�»Ì¾  � Ëd�v»Ì�Ê  ·ÂeÌ|  Àr¼Å Ä°¸] ,|À¯Ì¾  Ë® �m Ë½Z ¨�eÌÄÃ|�  Ä/] �{Z«
�Z] ,{|n» Ã{Z¨f�Y Ë]ZÊ  ��¿YÉ  ~/¤» {YÂ» ÁÉ  /� �{Ê  M�§ Ë|/À  d/�Y  ]49[.  ·Â/«Ê  ) ½Y�Z/°¼Å Á2010 ÃÂ¬·Z/] cY�/iY (

� Ëd�v»Ì�Ê  �³ Ä� ËÄÀ  ¨�eÌÄ  f À� [Ô�Z§Ê  ��Y Y� Ë]ZÊ    :{�¯ Ë®    ¾n· �Âf¯Y�Ê]É�YÂ/Å    Z/]d��/�ÓZ]  ·Âe Z/]/Ì| 
]ÌZ³Â�  Ã{Y{ Z])ZÅÉ  ¬» ¶¯Ì�Z  .( Ë®  fyÂ� µÂ¸� ½Z»�{Ê  »Ì]Á�°Ê  ·Âe Z]Ì| ¬f�»Ìº ) ©�]Ã{Y{ZÅÉ ¬»Ì�Z Z»�M Ë/�Ê 

  Á -(Ä¿Zy�Z¯ Ë®  ¸�µÂ  ·Á�f°·YÌ�  »Ì]Á�°Ê  ·Âe Z]Ì|   �¯Y �aÌ|  ÅÌ½�Á�|  )Ã{Y{Z/ÅÉ  Ä]d/�{Ã|»M    �Y/Ë®   �{ �Â/f¯Y�
¬»Ì�Z Z»�M ËÅZ´�ÊZf¿ .( Ë l  iPe {�YÂ» Ä¼Å �{Ì� ¨À»Ê ·Á�f°·Y µÂ¸� .{Y{ ½Z�¿ Y� ©�] ¥��» Z] �^e�» Ã|¼�Ì� »Ì]Á�°Ê 

·Âe Z]Ì|   �¯Y �aÌ|  ÅÌ½�Á�|  �fÆ] Ë¾  �³ ËÄÀ  ] �YÌ¾  Y Ë¾  �ÁZÀ§ Ä�É  ¯ {Â]Ä  ·{/Ì¶  ¸/�YÊ  iP/e ½MÌ�  ·Âe d/^j»/Ì|   {YÂ/»
�Ì¼ÌZÊË    �Âf¯Y� �{ .{Â]Ê]É�YÂÅiPe ,Ì�  ] �Y ¶�Zu d^j»Ì�Z³Â  ·Âe ÁÌ|  �¿Y�É  ]Ì� iPe �YÌcY� /¨À»Ê � Ëd/�v»Ì�Ê 

  .d�Y �«YÁ�{Zn]Zm �Y ¶�Zu �§ZÀ» ,ÊË  /�§ dyÂ/� Ä/] Äf/�]YÁ �]ZÀ»Ì¸Ê  /]Ì�  �Å �Y ËÄ/À  � Ëd/�v»Ì�Ê   Á dyZ/�
Ã�Æ]�Y{�]É  y�Z¯ �YÄ¿Z  ¨�eÌÄ  ¬» Äq�³Y ,d�Y {�Â» Ä� �Å �{Ì�Z  Ã{Y{ {Á|v»ZÅÉ  Y�] {ÂmÂ»É   Ë°Ê  M�§ �Y ËZÅ|/À 

Ä]|m�Â�É Y �] Ë¾ f¿ÌÄn iPeÌ� d�Y~³ ]50[.  
  

µÁ|m5  . cZ ·Z�»cZÌu Äy�q Ê]ZË��Y ZÅ�Âf¯Y� �Y Ã{Z¨f�Y �{É Ê]É�YÂÅ  Y�]É  ¨�eÌ Ä  f À� [Ô�Z§Ê  
 a LCIA  LCIA b  

  

ÊÀ^· �ËZÀ� UASB reactor 
CML 2 baseline2000, 
World 1995 normalization 
set 

ADP, GWP, ODP, HTP, 
FAETP, MAETP, TETP 
POCP, AP and EP. 

[51] 

 [Ô�Z§^�ÌÄ�Z�É Ã|�  HR-AS IMPACT 2002+(v.2.03) 

Carcinogens, TETP, GWP, 
ODP, AP, NRE and end-
points (human health, 
climate change, ecosystem 
quality, resources) 

[50] 

 
28 WWTPs: Water Treatment Plants 
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 d À� ÊËY~£ {YÂ» É�ÁY�§  Un-specified anaerobic 
reactor 

Hybrid LCA(economy and 
energy flow) Grey relational analysis [52] 

 [Ô�Z§^� ÁÌÄ�Z� É c�|«Z]  
 ��Âf» AnMBR 

Life cycle costing(LCC), 
net energy balance(NEB), 
and life cycle assessment 
(LCA) methods. 

Tools for the Reduction 
and Assessment of 
Chemicaland Other 
Environmenta Impacts 
(TRACI)developed by the 
U.S. Environmental 
Protection Agency l 

[46] 

 d À�¼yÌ~£Z¯�  ~£Z¯ Á  UASB 
CML-IA baseline4.1, with 
the addition of water 
extraction 

EP, HTTP, FAETP, and 
the GWP100 method for 
GHG emissions 

[53] 

[Ô�Z§ZÅÉ  f À�Ê   Á
��ÁZ�¯ É  

UASB / EGSB - 

Multi-criteria 
analysis(MCA) for 
sustainable development 
indicators(SDIs) 

[54] 

 [Ô�Z§Äf�Z�¿Y É  Un-specified anaerobic 
reactor CML 2001 GWP and EP [55] 

AnMBR.a -  Äf�Âa ] �Âf¯Y�Ì�Â·Â Ë °Ê Ê]É�YÂÅ ,EGSB -  ¾n· �f�] Ä¿Y{YÉ ��^À» Ã|� ,HR_AS - �Ìºf� Ê]É�YÂÅ  Z]d���ÓZ]  ,
UASB -  ¾n· �f�] ��ÂaÊ] É�YÂÅ.  

ADP.b - �¿ZfaÌ ¶ �ze Ë\ £ Ì� �Ëf�Ê ,AP - �¿ZfaÌ ¶ �Y Ì |É  ½|�EP - �¿ZfaÌ ¶ §Á�eÁYÌ�Z°Ì½Â ,FAETP - �¿ZfaÌ ¶ »Â¼�»Ìd �]MË½Z   [M �{
�Ì�Ë¾ ,GWP - �¿ZfaÌ ¶ »� Ã�¯ ½|� ¹�³Ì¾ ,HTTP - �¿Zfa Ì ¶ ¼�Ìd ¿Z�¿YÊ ,MAETP - �¿ZfaÌ ¶ »Â¼�»Ìd � Ëd�v»Ì�Ê  �{ [M �{ËZ ,NRE - 

��¿YÉ   |neË |   ~aZ¿Ë� ,ODP - �¿ZfaÌ¶ �ze Ë\ ÓË Ä  ,½�YPOCP - �¿ZfaÌ ¶ �¯YÌ�Y|Ì½Â �Âf§Ì¼ÌZÊË ,TETP - �¿ZfaÌ ¶ »Â¼�»Ìd �Ëd�v»Ì�Ê  
»�ÌÀÊ.  

  

  �Á�  Äy�q Ê]ZË��YcZÌu  Àr¼ÅÌ¾  Ä]½YÂÀ�  �Y�]YÉ  Y�]É  �ne ËÄ¸veÁÌ¶  �fÆ] Ë¾  �ÁZÀ§É  Y�/] {Â/mÂ»É  ¨/�eÌÄ 
  [Z�a·ÂeÌÃ|�|  ZÀ� �{ Ë �  À ·̂Ê  Ã{Z¨f�YÃ|�  d�Y  ]51[.  » �{Ì½Z  � ��Ìºf� Å{YÂ/Å ¾/n· ,µZ/ § ¾/n· ¦¸fz»Ê  Z/]
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d���ÓZ]    Á��f�³ ËÄf§Z  Z] µZ § ¾n· , Ë®  ¿M �Âf¯Y�Â �¯Ì®  Å{YÂÅ Ä�Âu �Y ¶^«Ê ,/Ë® Å{YÂ/Å [ÓZ/eÊ  Á/Ë® 

 ��Âa �Âf¯Y�Ê  Ê]É�YÂÅ  �m Z] ¾n· Ë½Z  Ã|¿Á�ÓZ]  ,Ê] º�ÅÉ�YÂÅ  Ä¿Zf�Á{�e Ë¾  v»Ì�   {Z�f«YÉ   {Z�f«Y ÁÉ   �{ ,{Â]
·ÂeÌ|  ZÅ�Z³É  Ä¿Zz¸³YÉ  ��¿Y Á �f¼¯É  ¿{�Â»Ì�Z  Y �{ Ë¾  ¯�e ,�iYÌ^Ê   Á {Z�f«Y �Yv»Ì�� Ëd/�  0Ô^/«Y ËÃ|/�{Zn  ,{Â/]
qÌ�É  Z� �{ Ä¯ Ë�  ¿ �ZiMÌ�  ]Ì�f�  Ä �Âe ËÄf§Z  d�Y  -Y�]ZÀ] Ë¾  ,~a ËÄf§�Ã|/�  Ä/¯ d/�YcZ/Ìu Ä/y�q Ê]Z/Ë��Y Z]/Ë|  Z/]

Ä^ÀmZÅÉ À§Ê   {Z�f«Y ÁÉ  ¯�eÌ\  {Â�]56 ,57[.  
  

3-6  {�]�Z¯��Y Ë]Z cZÌu Äy�q Ê º�Å �{Ê]É�YÂÅ � �YÌºf� ) [Ô�Z§ADWWS(  
cZÌu Äy�q Ê]ZË��Y  Ä]�Â�  Ã{�f�³YÉ  Y�]É  ��Y Ë]ZÊ ½Z°»YnÀ�Ê � Ëd�v»Ì�Ê  {Z/�f«Y ÁÉ Ê] º/�ÅÉ�YÂ/Å 

Ã{Z¨f�Y{�Â»  |» �{ Ë� Ëd    ¾n·Ã{Z¨f�YÃ|�    .d�Y½Z¼Å�Â�    �/�Âe Ä/¯/ËÂ  /�ÌY|    ½Y�Z/°¼Å Á��Y�³Ã|/�  .d/�Y
)2013(,  � {Y| e Ë {ZÉ  Á� �] �ZiM �YÉ    Ä ·Z�»Ê] º�ÅÉ�YÂÅ   ��À» �Yv»Ì�� Ëd�  �Y Ã{Z¨f�Y Z] Ê]ZË��YcZ/Ìu Äy�q 

Ã|��¯�¼f»|¿Y.  º�ÅÊ]É�YÂÅ � �YÌºf� [Ô�Z§29 Ä]�Â� fÀ�Ê Ä]½YÂÀ�  Ë® �Ìºf�  {Á�ÁÉ-mÁ�yÊ µ|»�Z/�É 
»Ê {Â�,  Y Z»Y Ë¾    d¼� Ä] ¹ÂÆ¨»�Ìºf�ZÅÉ  aÌrÌÃ|�e  ¤eÌÌ� ËÄf§Z  d�Y  ½M �{ Ä¯Á Ë³�ÊZÅÉ  §Z�YÊ ¿/Ì�  {�Y{ {Â/mÁ, 

0Ze|¼�  ·{ Ä]Ì¶  �Z] ½Z°»Y Ë]ZÊ    {YÂ»���YZ]  d/�Y cÁZ/¨f» �Á� Á{ �/Å Äq�³Y .[Ô�Z§ ¾n· �Y,  µÂ/¼ »�e Ë¾   �Á�
Y�]É  � e Ë¦   {�°¸¼� |uYÁÉ  ��¿�Y  |» ¶]Z« ®�y ¾n· �Y|¬» Ë� Ëd d�Y ]58[. ½Z/¼Å�Â�  ¶°/� �{ Ä/¯3  Ã|ÅZ/�»

»Ê {Â�,  Y�§ ËZÅ|ÀÉ ¨�e) d�{ÓZ]ÌÄ ([Ô�Z§ Y�  ¶»Z�¼¿Ê|¿Â� -Y�]ZÀ] Ë¾,  Ä/f§�³ ��¿ �{»Ê {Â/�  ½Á|/] ¾/n· Ä/¯
iPeÌcY�  � Ëd�v»Ì�Ê    {�YÁÊ] º�ÅÉ�YÂÅ  »Ê {Â�Y . Ë¾  À » ½Y|]Ê    ¾/n· Ä¯ d�YÄ/]½YÂÀ�   Ä/f§�³ �/�¿ �{ Ä/·Z]�

»Ê {Â�,  ��¿Y Äq�³YÉ    Á ËZ ~¤» {YÂ»É �Z] Ë]ZÊ »Ê {Â� ¬u �{ ÁÌd¬, Z] ¾n· Ë| Ä/]½YÂÀ�  �/�¿ �{ µÂ/�v» Ä/] Ä/·Z]�
Y .{Â� Äf§�³ Ë¾  ��§,  ½Z¼Å�Â�  »Z¿ �¨� �Z] ��§ 0Ô^« Ä¯/ÌÃ|  »Ê {Â/�,    0ÓÂ/¼ »cZ/Ìu Ä/y�q Ê]Z/Ë��Y    �{ º/�Å

Ê]É�YÂÅ  � �YÌºf�  [Ô�Z§ ¥����¿  µZ¼�Y Ä ·Z�» ¥|Å �Y»Ê {Â/� ]44[. µ|»�Z/�É Ê] º/�Å ºf/�Ì� �Y É�YÂ/Å
  [Ô�Z§  ¾n· ¾f§�³ ��¿ �{ Ä]Ä]½YÂÀ�    Ä·Z]� ËZ  Ä]½YÂÀ�  �Z] c�Â� �{) µÂ�v» Ä] Ä·Z]� Ëd§Z ��¿YÉ  ËZ ´f/�] ({YÂ/»Ê 

µÁY d·Zu �{ .{�Y{,  Ê] º�Å  [Ô�Z§ ºf�Ì� �Y É�YÂÅ¨�e �]ZeÌÄ    Á d�Y ZÅ|¿Z¼�af¿�{ÌÄn,  ¸¯ÌÄ  iPeÌcY�  ¨/�e Ä]ÌÄ 
  �Z�fyY [Ô�Z§»Ê Ë|]Z  .YZ] Ë¾µZu,  ½Z¼Å �{ Ä¯ �Â�°� ¶3  ½Z�¿Ã{Y{Ã|� d�Y, cZ/Ìu Äy�q Ê]ZË��Y �{  º/�Å

Ê]  [Ô�Z§ ºf�Ì� �Y É�YÂÅe Ä] {Á|v»Ì�Z¼  ¿ ¾n·Ìd�  �Z] ¶»Z� Ä°¸] Ë]ZÊ  ��¿YÉ  ~¤» {YÂ» ÁÉ ¿/Ì�  -d/�YY�]Z/À] Ë¾, 
½Z¼Å�Â�  ZÅ ��Âe Ä¯ Ë½Â��¼  ) ½Y�Z°¼Å Á2017(  ��Y�³Ã|�  d�Y  ,¸�Y {�°¸¼�Ê  �Ìºf�  ¨�eÌÄ    ¾n· {�Â» Ã{Z¨f�Y

ZÆ¿ÊË  d�Y,  ·Zu�{ÊÄ¯  Â¿Zi {�°¸¼� ËÄ ·ÂeÌ|  ]ÌZ³Â�  º�Å Á �Ì¿  Y �] ÃÁÔ� Ë¾ »Ê|¿YÂe ZÅ{�°¸¼�É ]Ì�f�É ��¿Y |À¿Z»É 
�Z] Á Ëd§Z  ~¤» {YÂ»É  Y �{ .|�Z] Äf�Y{ Ë¾  {�YÂ», µÁY|f»�e Ë¾ Y�] �Á�É  ¶uÃ�Â�À»|Àq ��f�³ Z] Z/Ë  �ÅZ/¯/ËZ 

Zm Ë�´ ËÀÊ    .d�Y½Z¼Å�Â�  �Âe 0Ô^« Ä¯Ì t |� Ã{Y{, µÁY d·Zu �{, y�]Ê  �/]YÂe �Y»Ê|/À¿YÂe  (��f/�³) ¶»Z/�/ËZ 
Y .|¿Â� (�ÅZ¯) ¥~u Ë¾  Á� ËZÅ{�°  Y�] 0ÓÂ¼ »É  Z¬» ËÄ�  �Ìºf�ZÅÉ    �Z°] ¦¸fz»»Ê|/¿Á�    Áf¿�{ÌÄ/n  Y�/] 0ÓÂ/¼ »É 

Z¬» ËÄ�  Ê] º�Å [Ô�Z§ ºf�Ì� �Y É�YÂÅZ� Z] Ë� �ÁZÀ§ÉZÅ  �Z¯ Ä]»Ê] |¿Á�44[.  
  

 
29 ADWWS: Anaerobic Digestion of Wastewater Sludge 
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 ¶°�2.  |» s�� |¿Á�Ë �Ëd �� �Y [Ô�Z§ ¾n· [Z�aËª  º�ÅÊ]É�YÂÅ ]80[ .  

  
] cZ ·Z�»Ì�f�  cZÌu Äy�q Ê]ZË��Y   {�Â/» �{    º/�ÅÊ]É�YÂ/Å  [Ô/�Z§ ¾/n·30   {Â/mÂ» cZ/�Ô�Y ¶»Z/�É 

 «{Ìª�eÉ  d�Y,  Y�]ZÀ] Ë¾  Zf¿ Ë l   «YÁÊ�eÉ    d�{ Ä]»Ê {�ÁM¸�Y ¥|Å .Ê  Y Ë¾  Z¬» �Z¯ ËÄ�    ¦¸fz» �Y|¬»¨�eÌÄÄ¿Zy   Z/]
 e Z] [Ô�Z§ ¾n·ÌÌ¾  ¼¯Ìd  v» cY�iYÌ�Ê  Y �{ .{Â] Ë¾  �ZiM,  ]Ì�f� Ä·Â¬»ZÅÉ � Ëd�v»Ì�Ê Ã|��¯} Y �{/Ë¾ ¶/�§ 

Ã|¿ZnÀ³Ã|�  ¼¯ ÁÊ  d�Y Ã|�  -Y�]ZÀ] Ë¾,   ËÂ  �ÌY|  ) ½Y�Z°¼Å Á2013  (  cZ/Ìu Äy�q Ê]ZË��Y  �{ Y�  º/�ÅÊ]É�YÂ/Å 
[Ô�Z§ ¾n·  ] Ã{Z¨f�Y ÁÌ�f�  ·M º�Å �YÊ  ���]Ê  Zf¿ Á Ë l  Ä]d�{Ã|»M  Z/� Z/] Y� Ë�  s��Z/ÅÉ  ) ¾/n· ½Z/»�{0Ze|/¼� 

M�§ ËZÅ|ÀÉ  e�Y�uÊZ¬» ( ËÄ�  Zf¿ .{�¯ Ë l  Ä]d�{Ã|»M  Ä¯ {Y{ ½Z�¿Ê] º�ÅÉ�YÂÅ ZÅ{�]�Z¯ ÁÉ »�ÌÀÊ  { Ë�´, Ä¸¼m�Y 
�Z] Ë]ZÊ  ��¿YÉ    �Y]ÌZ³Â�  ·M ¾n· �Y Ã{Z¨f�Y ÁÊ,  ZÅ�Z³ �Z�f¿Y �ÅZ¯ h�Z]É  Ä¿Zz¸³YÉ  Z� Ä] d^�¿ Ë�  s��ZÅÉ  ¨�eÌÄ 

  [Ô�Z§ ¾n·»Ê {Â� ]58 ,59[  
  

µÁ|m6  . cZ ·Z�»cZÌu Äy�q Ê]ZË��Y  º�Å {�Â» �{Ê]É�YÂÅ  [Ô�Z§ ¾n·  
ºf�Ì� {�°¸¼�  É{�°¸¼� |uYÁ  d��Æ§ Ã{Y{ ZÅ  LCIA �Á� LCIA   Äf�{ |À]ÉZÅÉ  �]ZÀ» 

      

 º�ÅÊ],É�YÂÅ   Á �Z³ÂÌ]
º�Å �Y Ã{Z¨f�Y 

  Ã{Z» |uYÁ ®Ë
  ¾n· �Y ®�y

�Â¸z» 

ÊeZÌ¸¼�  Á
 Ã{Y{ZÅÉ  cÓZ¬»  

Characterization 
factors reported 
by different 
authors 

EP, ODP, GWP, AP, 
POCP, ADP, HTP 

[20] 

 
30 ADWWS: Anaerobic Digestion of Wastewater Sludge 
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¾n· Ê¿Z»�{ �Ìa,  º�Å
Ê],É�YÂÅ  º�Å �Y Ã{Z¨f�Y  

 Á{  ¾n· ¾e
 ®�y 

 cÓZ¬» Ä^�Zv» Á
 Ã{Y{ ZÅ  

Not specified GWP, HTP, TETP [60] 

 º�ÅÊ],É�YÂÅ   Á �Z³ÂÌ]
º�Å �Y Ã{Z¨f�Y 

  ¾n· �Y �fÌ· Ã{
�Â¸z» 

 Ê]�ne  Ä^�Zv» Á
 Ã{Y{ ZÅ  

CML 2 
baseline2000 EP, GWP, HTP, TTP [61] 

¾n· Ê¿Z»�{ �Ìa,  º�Å
Ê]É�YÂÅ   �Y Ã{Z¨f�Y Á

º�Å 

  ¾n· �Y �fÌ· Ã{
�Â¸z» 

 Ê]�ne  Ä^�Zv» Á
 Ã{Y{ ZÅ  

CML 2 
baseline2000 

ADP, EP, GWP, HTP, 
TTP 

[59] 

 Á �Z³ÂÌ] �Y É��¿Y Ê]ZË�Z]
Ã|� º�Å ¾n· 

Ë®¾e   Ã{Z»
 ¾n· �Y ®�y 

 cÓZ¬» Ä^�Zv» Á
 Ã{Y{ ZÅ  

CML2001—Nov. 
2010 

GWP, POCP, EP, AP, 
ADP 

[62] 

¾n· Ê¿Z»�{ �Ìa,  º�Å
Ê],É�YÂÅ   Á �Z³ÂÌ]

º�Å �Y Ã{Z¨f�Y 

Ë®¾e   Ã{Z»
 ¾n· �Y ®�y 

 cÓZ¬» Ä^�Zv» Á 
 Ã{Y{ ZÅ  

ReCiPe v1.08/ 
Europe CC, TA, FE, HT, IR [63] 

 º�ÅÊ],É�YÂÅ   Á �Z³ÂÌ]
º�Å �Y Ã{Z¨f�Y 

  ¾n· �Y ¾e d�Ì]
�Ì¸£ 

 cÓZ¬» Ä^�Zv» Á
 Ã{Y{ ZÅ  

CML 2 
baseline2000 

AP, CC, ADP, POP, EP, 
HTP, ETP 

[64] 

ADP   -    \Ë�ze ¶Ì�¿Zfa£Ì�  �Ëf�Ê ,AP  - ½|//� É|Ì//�Y ¶Ì�¿Zfa, CC  -  ,ºÌ//¸«Y �//ÌÌ¤eEP  -  ,½ÂÌ//�Z°Ì§Á�eÁY ¶Ì//�¿ZfaFAETP  -  ¶Ì//�¿Zfa
  ,¾Ë�Ì� [M Z] dÌ»Â¼�»FE   -  ¿ÂË Ã�Ì    ,¾Ë�Ì� [M ½|�GWP   -    ,¾Ì»� Ã�¯ ½|� ¹�³ ¶Ì�¿ZfaHT  –  ¼�Ìd  ¿Z//�¿YÊ  ,HTTP   -    ¶Ì//�¿Zfa¼//�Ìd 

¿Z�¿YÊ  ,IR   -    ,½Y�Ì¿ÂË �]ZeMAETP   -    dÌ»Â¼�» ¶Ì�¿Zfa�Ëd�v»Ì�Ê    ,ZË�{ [M �{NRE   -    ,�Ë~aZ¿ |Ë|ne É��¿YODP   -   ÄËÓ \Ë�ze ¶Ì�¿Zfa
 ,½�YPOCP  - ÊËZÌ¼Ì�Âf§ ½ÂÌ�Y|Ì�¯Y ¶Ì�¿Zfa, TA  -  ,ÊÀÌ»� ½|� É|Ì�YTETP  -  dÌ»Â¼�» ¶Ì�¿Zfa�Ëd�v»Ì�Ê  .ÊÀÌ»�  

  
۴ . ��Y Ë]ZÊ  � Ëd�v»Ì�Ê:  

��Y Ë]ZÊ  � Ëd�v»Ì�Ê  Ë® Á� Ë {�° �ZfyZ�É Y�]É aÌ�]ÌÀÊ iPeÌcY�  Ë® a ¹Y|/«YÌ {ZÆÀ/�É Y�/mY �Y ¶/^«É  ½M
��Y .d�Y Ë]ZÊ  � Ëd�v»Ì�Ê  »Z´ÀÅ 0ÓÂ¼ »Ê  » Ã{Z¨f�YÊ {Â�  iPe Ä¯ÌcY�   Ë®   �/¯�¼f» Á º�À/» Ä/ ·Z�» ½Á|/] ¹Y|«Y

¶]Z«­�{    ½|� ÄfyZÀ� �Y �a .|�Z^¿ ËZ  iPe {�ÁM�]Ì,cY�  »Ê½YÂe   «YcZ»Y|  Y�] Y� ¹�ÓÉ  ³Â¸mÌ�É  �M �YÌ\   ½|¿Z��
  Ä]v»Ì�� Ëd�  )Ä¸¼m�Y   »Ìd�  v» ½M �{ ¾¯Z� {Y�§YÌ�Y�§Y Á ( Ë�  Y�» ËZ  ��Y .{Y{ ¹Zn¿Y Ë]ZÊ  /v»Ì�� Ëd/�  �Y�/]YÉ 
Y�]É ³Â¸mÌ�É  �Y�MÌ\ZÅÉ £Ì�Á���É Y�mY �Y �a Ä¯ d�YÉ ¶¼�»�eÌº » ½MÊ|¿YÂe �Å ËÄÀ � Ë {ZÉ .|�Z] Äf�Y{  

  
4-1  �YÂ¿Yµ|»ZÅÉ ��Y Ë]ZÊ � Ëd�v»Ì�Ê  

ÄÅ{ �{  |Àq Äf�~³ Ë¾  Y�] µ|»É  ��Y Ë]ZÊ  � Ëd�v»Ì�Ê  ¨�eÌÄ  �Æ� |»Zm |WY� {YÂ» �§{ ÁÉ  ÄWY�YÃ|/�  d/�Y 
]65[.  

  
4-1-1  µ|»IWM ]66[  
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�°¨eÄy�qcZÌu    Y�»��{ÌÄÀ ٔ◌  |» Ë� Ëd ZÅ|¿Z¼�aÉ �Æ� |»ZmÉ » µZ¼�YÊ|/À¯�{ Y|/f]Y ./Ë®  Ã{�f/�³ Äv¨/�

¹Zn¿YÃ|�  a µ|» 0Y| ] ÁÌÄf§���eÉ  Y�]É  {ÂmÂ» Ä^�Zv»É  Äy�quÌcZ ÄWY�Y »Ê|À¯Y . Ë¾ /�] µ|/»Ì�Z  Á |À/�a�]�Z¯
 Ë³{ZÌ�É ¥Z� ¿Y �Zv· Ä¼Å �Y Z»Y d�Y ½Z�M ½M~a Ë� ¿Ìd� ]65[.  

  
4-1-2 µ|» EASEWASTE  

|» Ë½Y�    �{Z« Y�»Ê {�Z�  ��Y Ze Ë]ZÊ  � Ëd�v»Ì�Ê  �Ìºf�ZÅÉ  |» Ë� Ëd  Z¬» �{ Á |ÀÅ{ ¹Zn¿Y Y� |»Zm |¿Z¼�a ËÄ�  Z]
|Àq Ë¾  �eY�f�YÉ  |» Ë� Ëd  �ÁZÀ§ Á |¿Z¼�aÉZÅÉ  ¨�eÌÄ  Y�] Ä·Z]�É  Ä/¬�À»YÉ   ¼m Z/]/Ìd ·Âe Á �z/�»/Ì|  ,Y� Ä/·Z]�
���]Ê  |ÀÀ¯]65[.  

  
4-1-3 µ|» ORWARE  

Á� �] Y|f]Y �{É  Ä·Z]�ZÅÉ  ·MÊ  ZÀ� Á ZÅ�YÂ¿Zy Ë �    Z»Y {Â] �¯�¼f»Ä]�Â�    ¹ÁY|»��f�³ ËÄf§Z  Z/� ¶»Z/� Á d�Y Ë� 
�z]ZÅÉ   {Z»É  ¿ Ä·Z]�Ì�  »Ê|�Z]  µ|» .ORWARE  ¯�e �YÌ^Ê  ��Y �Y/Ë]ZÊ u Ä/y�q/ÌcZ  Á�ne/ËÄ¸veÁÌ¶ �m/Ë½Z 
 {YÂ»31    ÁÄ�Y�eZÅÉ  » Ã{Z¨f�Y �¿Y�eÊ|À¯  ÁZf¿ Ë l � cY�iY �{ Y� Ëd�v»Ì�Ê /»� Ã�/¯ ½|/� ¹�³ |À¿Z»Ì,¾ /�YÌ|É 

 ,½|�À£Ê�Z�É ·ÁY {YÂ»ÌÄ °�e ÁÌ¶ �Âf§ ½�YÌ¼ÌZÊË » �¼mÊ¬|À¯ ]67[.  
  

4-1-4 �Á�  { Ë�´ ��Y Ë]ZÊ   cÓÂ�v» ËZ �Ìºf�ZÅ  �Y Ã{Z¨f�Y Z]�ne ËÄ¸veÁÌ¶ �Å ËÄÀ  {Â� Á  
  Ä¯Ä]�Â�  Y�§ ËÃ|À¬ÉY  Ã{Z¨f�YÃ|�  .d�Y  Y�]É   Ë¾f§Z  Æ]ÌÄÀ¬ Ë�e¾  �eY�f�YÉ  Y�/]É  ¨/�eÌÄ   Ä/] Ä/mÂe Z/] |¿Z¼/�a

�Å ËÄÀ-ZÅÉ   {Z�f«YÉ  � Á Ëd�¬Ìv»�Ê  Zf¿ Á Ë l  �Å {Â� .½M ËÄÀ32  » �{Ì { ½Z Ë�´  ·M |WY� {YÂ»Ê  ¹Zn¿YÃ|�  d/�Y  ]68[. 
 Ë®  Á Ë³�Ê  � Ã{Á|v» ,�Y�]Y Á{ Ã|¼�Ìºf�    µÂ�v» ËZ  �Ì¼f�Ê  Z] Ä¯ d�Y Ë|  ��Y Ë]ZÊ    .{Â/�/Ë®  /] º/Æ» cÁZ/¨eÌ¾ 

��Y Ë]ZÊ  �Å {Â� ËÄÀ  ��Y Á Ë]ZÊ    Äy�qcZÌu  Y Ë¾    ¥|Å Ä¯ d�Y�ne ËÄ¸veÁÌ¶  �Å {Â� ËÄÀ  Æ]ÌÄÀ�Z�É   �Y Ä/ »Zm �§Z/À»
�� Ëª  a �] Ä^¸£ÌZÅ|»ZÉ   {Z�f«YÉ  � Á Ëd�v»Ì�Ê  ��§ �]ÌcZ    .d�YcZÌu Äy�q Ê]ZË��Y  �Y�]YÉ  Ã|�{�Y|¿Zf�Y   d�Y

iPe ½|¿Z�� ¶«Y|u Ä] ½M ¥|Å Ä¯Ì�    �] ÃÂ¬·Z]v»Ì�� Ëd�,  d�Y �]ZÀ» Á ½Z�¿Y d»Ô�  -Y�]ZÀ] Ë¾   {Á|v» ËdZÅ  Ä]�Â� 
�e{Á|v»É � e Ë¦ »Ê|¿Â� � ËY�  d�Y Ã|�¿ �Zv· ½M �{ {Z�f«Y]65[.  

  
۵ .  ¹�¿ZÅ�Y�§YÉ  Äy�q Ê]ZË��YuÌcZ )LCA(  

5-1 ¹�¿�Y�§Y Á�a Z¼Ì� Sima Pro  
�ÌZ¼    Á�a¹�¿�Y�§Y  µ|»�Z�É  ��Y Á Ë]ZÊ  �Ìºf�    µZ� �{ Ä¯ d�Y µÂ�v»1990  ¿ ½ZÆm ��Y�� �{ Á |� ��fÀ»/Ì� 

  �Á�§ Ä]»Ê|��  .SimaPro    ½Y�ÁZ�» ��ÂePRe,  |À¸Å �{ �¬f�»,    Á Ä �Âe�Âe Ë �Ã|�  d�Y  ]69[  . Ë®  ��Y �Á� Ë]ZÊ 
|m Ë|  Ä¯ d�Y    Z]Äf�{ZÅÉ  �MÌ\,  � ËÃÁ�³�ZÅ    Á�m Ë½ZZÅ   ËZ  " {YÂ»É"  iPe Ä¯ÌcY�  ] Y�Ì½Z  »Ê|ÀÀ¯,    ½ZÌ]»Ê {Â/�   Z/]

Y �Y Ã{Z¨f�Y Ë¾  cZ�Ô�Y,  �Å ËÄÀZÅÉ    Äy�qcZÌu  Y�]É   Ë®    µÂ�v»¶]Z«Ä^/�Zv»  d/�Y  Z/� Ë� /�¨eÌZÅ�É ÄWY�YÃ|/� 
� ��ÂeÌZ¼  Z¼¿ Á�a Ë�    Ã{Y{»Ê {Â�  .]70[.  SimaPro  Ä]½YÂÀ�   »Ì�Z  Ã{Z¨f�Y{�Â»    �Y�«»Ê³Ì {�  � ËY�  Y Ë¾  � Z/ÆÀeÌºf/� 

¹�¿�Y�§YÉ  cZÌu Äy�q Ê]ZË��Y    ¶«Y|u Ä¯ d�YÃ{Z¨f�Y{�Â»    Z»Äf§�³�Y�«   �{Z« Ä¯ (Z» cZ�Ô�Y ª^� ¶«Y|u) d�Y

 
31 SFA: Substance Flow Analysis 
32 CBA: Cost Benefit Analysis 
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 d�Y�Ìºf�ZÅÉ Àf^» ±��]Ê M�§ �] Ë|À  �Y Y� |uYÁEcoinvent 3  Ä^�Zv» ½ÂÀ¯Ze] |À¯71[ . �{SimaPro  �¬§/Ë® 

  �m�»µZ»�¿�Z�É    Á Ë®  ¿�Á ¶»Z�Ê  Y�]É    �Å Ë®    �YÃÁ�³Z/ÅÉ  /�MÌ\  "½Z/�¿Y d»Ô/�",  "¯Ì¨/Ìd  �Â¯YÌºf/�"   Á
" �]ZÀ»"   {�Y{ {ÂmÁ  -Y�]ZÀ] Ë¾,    �{SimaPro    �]ZÀ»µZ»�¿�Z/�É  /¿�Á ¶/»YÂ� ÁÊ  ÃÁ�³|/À]É  »Ê|¿Â/�. µZ»�¿�Z/�É 

ÅÁ�³Ê  Ã{Z¨f�Y{�Â»    �{SimaPro    �]ZÀ» Z]µZ»�¿�Z�É   {�§É  Ã{Z¨f�Y{�Â»    �{GaBi  d�Y cÁZ¨f»  /] cÁZ/¨e Ä/¯Ì¾ 
Zf¿ d^�¿ Ë l  �z�»Ã|�    ÁµZ»�¿�Z�É  Y Y� Ë {Zn  »Ê|À¯�Âe Ä¸u�» �Y | ] . Ë¾, Y/Ë¾ /] �Y cZ/§ÔfyYÌ¾ »Ê|/¿Á� �/ËY� 

  �]ZÀ» Ä] �Â]�» µÂ�v»µZ»�¿�Z�É  ÅÁ�³Ê  ¿�Á ¶»YÂ� ÁÊ  Ã{Z¨f�Y{�Â»    �{SimaPro    �]ZÀ» µÂ�v» Z]µZ»�¿�Z�É 
 {�§É  Á  ÉZÅ�Âf¯Z§¿�ÁÊ Ã{Z¨f�Y{�Â»   �{GaBi  {�Y{ d¬]Z�» ]69[.  

  
5-1-1 �Á�ZÅ �{ Ê]ZË��Y ÉSima Pro 

  Ê³{�f�³ Ä] ÄmÂe Z]�Á�ZÅ  É�ne ËÄ¸veÁÌ¶,  �Á�ZÅ  {�]�Z¯ ¾Ë�f�Ì] Ä¯ ÊË|¿�Y{Y�    ¦Ë� e Ä»Y{Y �{»Ê|¿Â� 
 Ä¯ {�Â» ¦¸fz» cZ ·Z�» �{�ne ËÄ¸veÁÌ¶, �Á�ZÅÉ CML, IPCC  ÁReCiPe ]Ì�f� Ë¾ |Àf�Y{ Y� Ã{Z¨f�Y.  

  
5-1-1-1 CML 2001  

 �Á�CML 2001  �{15 Y .|� Ã{Z¨f�Y �iY Ë¾  ÃZ´�¿Y{ ��Âe Ä¯ �Á�·Ì½|À  µZ� �{ |À¸Å �{2001 Y ËÃ|�{Zn 
d�Y,  ] ¶»Z�Ì�    �Y1700  �m Ë½Z  d�Y ¦¸fz»  ]72[  .Äf�{|À]ÉZÅÉ  �Z�YÊ  /�Y ¶»Z/�Ì|É  ½|/�,  ¤e/ÌÌ�  [M,YÂ/ÅÁ 

 �]ZÀ» �ÅZ¯, ¼�Ìd v»Ì�Ê,  §Á�eÁYÌ�Z°Ì½Â, ¼�Ìd ¿Z�¿YÊ, �ze Ë\ Ó ËÄ  �¯Y Á ½�YÌ�Y|Ì½Â �Âf§Ì¼ÌZÊË d�Y ]73[.  
  

5-1-1-2 IPCC  
  ¶»Z� �¬§ Ë®  ¤e :d�Y Äf�{ÌÌcY�  YÂÅ Á [MÊË   �¿Zfa Ä] ÄmÂe Z] Ä¯Ì¶  /»� Ã�/¯ ½|/� ¹�/³Ì¾  Ã�Y|/¿Y³Ì�É 

»Ê {Â�¤e ÃÁ�³ .ÌÌcY� YÂÅ Á [MÊË,  �YIPCC 2007 Ã{Â],  �] �{Ì�ZÉ  �Y�Á�ZÅÉ  { Ë�´ ¿Ì�  Ã{Z¨f�Y»Ê {Â� ]72[.  
  

5-1-1-3 ReCiPe  
Y Ë¾  Y�] �Á�É  Z¼f» �yZ� t�� Á{ ¾f�Y{ Ë�  »Ê {Â�  :�yZ�ZÅÉ  » Ä�¬¿Ì¿ZÊ,  ZÅ|uYÁ Z]É  Y�] ¦¸fz»É   �/Å

iPe ÃÁ�³Ì�  iPe Ä¯ÌcY�  n¿� µÂ� �{ Y�ÌÃ�  ·Â¸ » Á d¸�Ê  �ne ËÄ¸veÁÌ¶  »Ê|ÀÀ¯�Y :Ì|É ½|�, ¤eÌÌ� [M,YÂÅÁ ¸zeÌÄ 
£ �]ZÀ»ÌÃ|¿��,  ¼�Ìd� Ëd�v»Ì�Ê,   �¿ZfaÌ¶   §Á�eÁYÌ/�Z°Ì½Â,  ¼/�Ìd  ¿Z/�¿YÊ,    cZ /� �e/Ë¿ÂÌÃ�,  /»� �Y Ã{Z¨f/�YÌ¾, 

�ze Ë\  Ó ËÄ  ½�Y,   �¯Y Á ª¸ » cY�}Ì�Y|Ì½Â  �Âf§Ì¼ÌZÊË  Á  �yZ�ZÅÉ  Za Ä�¬¿ Ë¿ZÊ  cY�/iY Ä/¯� Ëd/�v»Ì�Ê  �{ Y�
ZÆf¿YÉ  Y Ë¾  n¿�ÌÃ� d¸�-·Â¸ »Ê �ne ËÄ¸veÁÌ¶ »Ê|ÀÀ¯, ZÅ|uYÁÉ Äf/�{ZÅÉ iP/eÌ� Y�/] Y�É 3 Za Ä/�¬¿ ÃÁ�/³/Ë¿ZÊ 

�Z�{�Y|¿Zf�YÉ »Ê|ÀÀ¯ �M :Ä¸¼m�YÌ\ Ä]d»Ô� ½Z�¿Y, �MÌ\  Ä]�Â¯YÌºf�ZÅ �M ÁÌ\ ��f�{ Ä]Ê  �]ZÀ» Ä] ]74[.  
  

5-2 openLCA  
¸�Y Äf�ÅÊ    �Åµ|»�Z�É  cZ/Ìu Ä/y�q Ê]Z/Ë��Y  µ|»�Z/�É    µÂ/�v» �/¼� Ä/y�qÄ/ ·Z�»{�Â»   �{ .d/�Y

openLCA  |À¿Z¼Å)ISO 14040(,  �¼� Äy�q µ|» Ë® � µÂ�v»Ìºf� »Z¿ µÂ�v»ÌÃ| »Ê {Â/� Za Ä/] Äf/�] Á ËÃZ/´ 
m�e Á Ã{Y{ÌcZv  �]�Z¯,  �Á�ZÅÉ  ¨¸fz»Ê  Y�]É  Y Ë {Zn  ¼°e ÁÌ¶  �Ìºf/�ZÅÉ    �{ .{�Y{ {Â/mÁ µÂ/�v»openLCA, 

�³ ËÄÀ    Ä^�Zv»"�ne/ËÄ¸veÁÌ¶"  Z/f¿ Ä/¯ |/� [Z/zf¿Y Ë l    �{ Ä°^/� Ä^/�Zv» Ä]Z/�»SimaPro  Y Y� Ë {Z/n  »Ê|/À¯.   �{
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openLCA,  Ë® �Ìºf�  Ä¯ µÂ�v» Ë®�Z] Y ËÃ|�{Zn d�Y, »Ê|¿YÂe y}ÌÃ� .{Â/� OpenLCA aÌ {ZÆÀ/�Yc  Á �f/�Ì]

Zf¿ Ë l  �� Ë �  { Ë�´É  ¿Ì�  ÄWY�Y»Ê|Å{ ]71[.  
  

5-3 GaBi  
GaBi   Ë®  ¹�¿�Y�§Y  µ|»�Z�É  ��Y Á Ë]ZÊ  �Ìºf�  ·ÁY Ä¯ d�Y µÂ�v»Ì¾    µZ� �{ �Z]1992   Á |/� �ÅZ� �Y�Z] �{

��ÂePE INTERNATIONAL,  Ë® ¿Z¼·M d¯��Ê Ä �Âe ËÄf§Z �Âe ½ZÆm ��Y�� �{ Á Ë � |� ]69[. ]Ì�f/� Ë¾  Äz/�¿
GaBi Ã{Z¨f�Y{�Â» 4.4.139.1 ¨¸e)Ì¬Ê {Â] (,  Äz�¿ Z]4.131 DB Za ¶»Z/� ËÃZ/´  Ã{Y{EcoInvent .d/�Y SimaPro  Á
GaBi  aÌ�eÁ�� Ë¾  ¹�¿ZÅ�Y�§YÊË  Y�] Ä¯ |Àf�ÅÉ  ��Y Ë]ZÊ    Äy�qcZÌu    Ã{Z¨f�Y»Ê|¿Â�  �Z�f¿Y ./»Ê {Á�  ��Y Ä/¯/Ë]ZÊ 

�Ìºf�ZÅÉ   «{ �Y Ã{Z¨f�Y Z] µÂ�v»Ìª M�§ Ë|À ,|uYÁ Z/f¿ Ä�Â¼n» Ë l ¶]Z«Z¬» ËÄ/�YÉ  .|/Å{ Ä/WY�Y �Y�/]Y Á{ �/Å Z/] Y�
  {�°¸¼�¹�¿�Y�§Y    �Z�Y �] Ë®  Â¼¿Ä¿   §{Z�eÊ    �Y100  M�§ Ë|À  Z¬» |uYÁ ËÄ�  »Ê {Â�.  /�] �{Ì�ZÉ  Z/f¿ {�YÂ/» �Y Ë l  /]Ì¾ 

SimaPro    ÁGaBi  �¬e Ë0Z^   Ë½Z�°  d�Y,   { {�YÂ» �{ Z»Y Ë�´  Zf¿ Ë l    ½Z�¿ Y� cZ§ÔfyY»Ê|Å{.    �{GaBi   Ë® µZ»�¿�Z�É 
  Á Ë®  ¿�Á ¶»Z�Ê  Ä]�Â�  Ä]��vÀ» {�§  Y�]É  iPe �Â¿ �ÅÌ�Y~³�É    µZ¼�Y»Ê|¿Â�.  /]Ì¾  SimaPro    ÁGaBi   {�Â/» �{

 {Z¬» Ë�  �z�»Ã|� Z»�³ Ë� »� Ã�¯Ì¾ �Â�v» cÁZ¨eÊ  {�Y{ {ÂmÁ ]69[.  
  
۶ . � e Ë¦ Äf�{ZÅÉ iPeÌ�  

Äf�{ZÅÉ iPeÌ� cÓZ¬» �{ � s�� Ä] ¦¸fz» Ë� � e Ë¦ »Ê {Â�:  
• Z¿YÂeÊË  �YÉ|Ì  ½|�  )AP(  ¯)¹�³Â¸Ì  ) {�³Â³SO2Z¿YÂe :(µ{Z » (ÊË  Y�] Y� {YÂ»É  /�YÉ|Ì   ½|/�

� e Âm¦Ë  Ê»Àq .|À¯¾Ì  ¯�eÊeZ^Ì  Ê»�Y ½Y�Z] h�Z] |¿YÂeÉ|Ì  Á� �] ­Z¿��yÉ  ucZ¿YÂÌ  °�yÊ 
�{ ÁÊËZË  .{Â�  

• ��y  »� Ã�¯ ½|� ¹�³) ¾ÌGWP) (¯¹�³Â¸Ì   {É �¯YÌ|  ¾]�¯   §�� :(µ{Z »dÌ  �ve®Ë   ½|� ¹�³
»� Ã�¯¾Ì �� �YªË ³{Â·MÊ �Âe Y� ZÅ�Z³ tÌ .{Y{  

• ¶Ì�¿Zfa   §Á�eÁY) ½ÂÌ�Z°Ì¯¹�³Â¸Ì  ) cZ¨�§PO4(   §Á�eÁY ��y :(µ{Z »½ÂÌ�Z°Ì    �{[MZÅÉ  v�/�Ê 
¯Y�Ây {YÂ» ��ÂeÊ �Âe Y� tÌ Ê».|Å{  

• ÊËZ¿YÂe  �ze\Ë  ÓÄË  ½�Y  )ODP) (¯¾]�¯Á�Â¸§Á�¸¯ ¹�³Â¸Ì) Z/ÅCFC-11µ{Z/ » (Y :(¾/Ë  Z/¿YÂeÊË 
¯�ecZ^Ì Y�] Y�É Z¬·YÉ ] �Y¾Ì Ó ¾f§�ÄË � e ½�Y¦Ë Ê».|À¯  

• ÊËZ¿YÂe  »Â¼�»dÌ  ¼�dÌ»�) ÊÀÌTE) (4/1  ¯Ì¹�³Â¸DB  Z/¿YÂe :(µ{Z »ÊË  /� {YÂ/»ÊËZÌ¼Ì  Y�/] Y�É 
iPe�Ì  Á� �]É    ,½Z�¿Y¿ÌÃZ³Á�ZÅ  Z�ZÀ� ½Y�Â¿Zm ÁÊË    �Å .{�¯®Ë  Y �Y¾Ë  ³{Â·MÊZ/Å  ÁZ/uÉ   cY�/¸§

´À�¾Ì ZË  ·M {YÂ»Ê  Ä¯ |Àf�Å] ��¿�YÌ�Â·Â Ë°Ê .|¿{Â]  
• dÌ¼�d�Ë��{ Ê�Ìv»ÊËZË  � [M) ¾Ë�ÌEF) (4/1  ¯Ì¹�³Â¸DB  iP/e Ä/] �Â]�» :(µ{Z »�Ì  Á� �/]É 

�ÃZ´f�ËZÅÉ  � [M¾Ë�Ì  Âm)ÉÄÅY�]M ,ZÅ�Â/� Z/] ½�Z/z» Á Z/ÅÉ    �Y �/f¼¯5/0  |/��{/�Z¿ ,(Ê   �Y
³{Â·MÊ {Y� {YÂ» t�� d�¸£ Á [M ,ÂÌf¯YÂË.  

• ¸zeÄÌ [M )WD( )\ °»�f»Y :(¾Ë Z¿YÂeÊË Z¬·Y �{ {YÂ»É �Âe Y� [M �ÅZ¯ tÌ Ê».|Å{  
• ÄÌ¸ze �¸§ )MD( )µ{Z » ¾ÅM ¹�³Â¸Ì¯33Y :(¾Ë Z¿YÂeÊË ¯�ecZ^Ì ¸zeÄÌ � e Y� �¸§ Ã|ÀÀ¯¦Ë Ê».|À¯  

 
33 kg Fe eq 
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• ¥~u   �§) Ê¸ÌFD(  )¯Ì¹�³Â¸  µ{Z » ¾£Á�34Y :(¾Ë  Z¿YÂeÊË  Z¬·Y �{ {YÂ»É  ^� dyÂ� �ÅZ¯Ê Ì   Y�

�Âe tÌ Ê»] |Å{12[  
  

ÄnÌf¿É�Ì³  
Y Ë¾    Ä ·Z�»¾Ë|Àq  ¸¯ cZ°¿ Á Ã{�¯ �Á�» Y� Ä·Z¬»/Ì|É fyY �{ Y�/Ì�Z Y�/] ½Z/¬¬v»É |/» Á Ä /�Âe Ë� Ëd  {Â/^Æ]

¨�eÌÄÄ¿Zy  �� �Y Ëª  cZ»Y|«Yd�Y Ã{Y{ �Y�« cZÌu Äy�q Ê]ZË��Y.  µÁ|m �{2 eY�Z�f¿Y ÉY�Y{Ê/» �¨�¼eY Ä] Ê |/�Z]
Ä¯  Y �Ë{Z¬» ½ZÌ» �Y  �Z�f¿ {É �¯YÌ|    ºÆ� ¾]�¯¶]Z«ÆmÂeÊ  d�Y Ã{Y{ �Z�fyY {Ây Ä] Y�.  ¼ÅM�§ ¾Ì/Àr ÄÌ¨/�e |/ÀË

eY�Z�f¿Y ÉY�Y{ [Ô�Z§ ¾n·  Ê]M �]ZÀ» Ä] Ê­YÁ  Ê»|�Z]  Ä¯  ½ZÌ» �Y    ,¾Ì´À� cY�¸§  ¹ÂÌ»{Z¯¹Á�¯ Á  ­Z¿��y�e Ë¾ 
  ©Ô�Y Ê¼� cY�¸§»Ê|¿Â�    ºÆ� [Ô�Z§ ¾n· ÄÌ¨�e |ÀËM�§ �{ Ä¯¶]Z«ÆmÂe �Z/�fyY {Â/y Ä/] Y� cY�Z/�f¿Y �Y Ê

Ã{Y{¿Y|  �{ Á  {Z/nËY h/�Z] Ê¿Z/�¿Y ¥�/�» c�Â/�]Ì�Z¼ÉZ/Å Ê¯Z/¿��y ÉÄ/¸¼m�Y  ,Ä/Ë� ½Z��/�¹�¿¿YÂzf/�YÊ ,
XeÁ�aÌ�ÂÀÉ    ÁµZ¼fuY  �MÌ\  |� Ë|  ¸¯ÌÄ  »Ê|¿Â�Ä¯ -    Ä] ÄmÂe Z]�MÌ\ZÅ Ê�Ìv» É¿Z�¿Y Á {�YÂ» ÊÃ|/��¯} eÌ�Z/¼ 

  º�Å]Ê�YÂÅÉ  ·{ Ä]Ì¶  ´À� cY�¸§ {ÂmÁÌ¾�eÓZ] , Ë¾  »Ì¿́ZÌ¾  »Â¼�»Ìd  ¼�Ìd  � [MÌ� Ë¾   {�Y{ Y�  ºÆ� . cÓÂ�v»
Á�Y{ÊË   �z� d^«Y�» ÁÊ    ¾n· �{Ä]¸¯�Â�Ê  »Â¼�»Ìd  /� [M Z]Ì� Ë¾  Z¬» �{ ËÄ/�  ´À/� cY�/¸§ Z/]Ì¾  qZ/¿Ì�  d/�Y -
Y�]ZÀ] Ë¾Z] , Ë|    ÄmÂeÁ ËÃ�YÉ  ´À� cY�¸§ Ä]Ì¾  ,Ä]Á ËÃ�  Á�É¼�Y Ze {Â� Ã{Y{ ,Ì½ZÀ  »Â¼/�» Ä/¯ {Â/� ¶�ZuÌd   [M Z/]

�Ì� Ë¾    [Ô�Z§ ¾n·Ã{Z¨f�Y{�Â»  Y�]É  ��ÁZ�¯ ¥�Z�»É  ¼ze |u �YÌ¾  Ã{�Ã|�  Y�]É  M�§ ËZÅ|/ÀÉ  /e�Y�uÊ   �/eY�§
 {Á�¿Ê] º�Å .ÉY�Y{ [Ô�Z§ ¾n· �Y É�YÂÅ  cZÌu Äy�q Ê]ZË��Y  Z�ZÀ�ÊË  /¼Æ» ¶»YÂ�Ê  /v» Ä/] Ä/¯ Y�Ì�  aÌÁ�/� 

  ®¼¯»Ê|À¯  ,½Z°»Y~a Ë�  »Ê|À¯.  Z]  ¸»YÂ� Ä] ÄmÂeÊ  ] Ä/¯Ì�f/� Ë¾  iP/eÌcY�  � Ëd/�v»Ì�Ê ¤e/ÌÌcY� YÂ/Å Á [MÊË 
Äf�Y{|¿Y  Ä¸¼m�Y  ZÅ�Z³ �Z�f¿Y) {�Y{ {ÂmÁ YÂÅ �{ Ä¯ cY�Z�f¿YÉ  YÂÅÊË  �Y  ¨�e �yÌÄ  [Ô�Z§35Z/�Z¬e Á (É  ��/¿YÉ 

)©�]  �Y  ¨�e �yÌÄ  ¨�e �y �{ ([Ô�Z§ÌÄ    [Ô�Z§ºÆ»�e Ë¾  ½MZÅ    |Àf�Å)  {Á|/u60  |/��{  Á  25  |/��{  �Y  /Ì¸¯Ä 
  ¶»YÂ�d¯��Ã|ÀÀ¯  ¨�e �y �{ÌÄ  ¾n· �{ YÂÅ �{ �Z�f¿Y �Y ¶�Zu ºÆ� .([Ô�Z§)¾n· ÄÌ¨�e �y Ä] �Z�f¿Y36�/¬§ ( 

5  |��{  ] d�Y75[.  ��Y Ë]ZÊ  iPeÌcY� � Ëd�v»Ì�Ê  �Y�]Y Z],cZÌu Äy�q Ê]ZË��Y W�m |/«Z§/ÌcZ  Ä/] �Â/]�»Ó/ËÄZÅ  Á
¾§�ÁMÉZÅÉ  Ã{Z¨f�Y{�Â»  Y�§ �{ Ë|À  Ê] º�ÅÉ�YÂÅ ¿ ÁÌÃZ³Á� ¯�eÌ^Ê Z»�³ �f°·Y Á Ë �ÌÄf |Àf�Å -Y�]ZÀ] Ë¾,  d�Y ¹�Ó

Y Ë¾  W�mÌcZ  �Âe �fÆ]Ì¦  ¬ve Ä �Âe Ze {Â�ÌcZ¬   �» �{ÌZÅ�É  f À�Ê  Y�]É  ZÅ�Z] ½|¿Z�� ¶«Y|u Ä]É  � Ëd/�v»Ì�Ê 
½Z°»Y~a Ë�  |�Z]  .Z¬» ËÄ�   �ZfyZ�cZÌu Äy�q Ê]ZË��Y  {�Â» Ä·Z¬» �Å�ne ËÄ¸veÁÌ¶ ½Z°»Y~a Ë� d�Y, �/ËY�  Á Z/Å�f»Y�Za
¸uY�»Ê  Ä]]ÂyÊ  ZÅ{�Y|¿Zf�Y ��ÂeÉ  Á�ËY37  � e Ë¦Ã|�|¿Y.  iPeÌcY�  v»Ì�Ê  Z] Ä¸u�» �Å Ë|  Ä]d«{  ��Y Ë]ZÊ   ­�{ Á

Y Ä] Ze {Â� Ë {Zn   Ë®  �eY�f�YÉ  Za Ë�Y|É  Ä¬�À»YÉ  Y�]É  ·ÂeÌ|  ]Ì�Z³Â  |À¯ ®¼¯ {Â¯ �Y.  Zf¿ Ë l  ��Y Ë]ZÊ    cY�/iY/v»Ì� 
� Ëf�Ê  ¿ÌÃZ³Á�  ]Ì�Z³Â  ·Âe �Â�Ì|  ºÅ½Z»�    c�Y�u Á ©�]]Ì�´¿Z  Y Ë¾  ¬uÌd¬  d�Y Ä¯¨�e ¶uY�» �{ÌÄ  Á [Ô�Z§ ¾n·

ZÆ¿�{ Ëd  Ä] �nÀ» Ä¯  ·ÂeÌ|    ©�]Z»�³ Á    ½M �Y»Ê {Â�  Y�Y{É    cY�iY� Ëd�v»Ì�Ê  u Äy�q µÂ� �{ÌcZ Y Ë¾ ¿ÌÃZ³Á� 
  Á {Â]Y Ë¾  Zf¿ Ë l  Ä]Z�»    Z]Zf¿ Ë l  Ä]d�{Ã|»M  ��Âe  Â¯ ½Ó  ) ½Y�Z¯ ºÅÁ2020  Á Ê¿�ZaZe Á () ½Y�Z°¼Å2020  (»Ê|�Z]   Á

  ÉY�Y{� cY�iY Ëd�  v»Ì�  Ä¸¼m�Y   �¿ZfaÌ¶  ¤eÌÌ�  ¸«YÌº-   �¿ZfaÌ¶    �]Z/À» �ÅZ¯-  /�§ dyÂ/�Ì¸Ê  cY�/¸§ Á-  /�¿ZfaÌ¶ 
[M �ÅZ¯-   �¿ZfaÌ¶  �ze Ë\  ½�Y-   �¿ZfaÌ¶   §Á�eÁYÌ�Z°Ì½Â  ,� [MÌ� Ë¾  �{ Á/ËZÊË-  /�¿ZfaÌ¶  /�YÌ|É    ½|/�Ì»�/ÀÊ- 

 
34 oil kg eq
35 Ww: wastewater treatment line 
36 SL: sludge treatment line
37 ISO: International Organization For Standardization 
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�Âf§Ì¼ÌZÊË-   �¿ZfaÌ¶  »� µZ¤�YÌ¾  �Æ�É  ��ÁZ�¯ ÁÉ-  �¿ZfaÌ¶ °�eÌ¶ ª¸ » cY�}-  �¿ZfaÌ¶ ¼�Ìd ¿Z�¿YÊ »Ê|�Z] . �{

  cÓZu ¹Z¼ecZÌu Äy�q Ê]ZË��Y  ¾n· �y Ã{Á|v» �{38�iR» ¶»YÂ� , ] Z]Ì�f� Ë¾  {Z/¬» Ë� Z/Æ¿ �/§{ ª/¸�»ÊË  ¾/n·
) ËÀ Ê  iPeÌcY�  ·Z¼fuYÊ  Y�])É  ¼�Ìd  ¿Z�¿YÊ  ( ËZ  Y�]) Ã|� [ZÀfmY cY�iYÉ    Ä¼ÅÃÁ�³Z/ÅÉ   { Ë�/´((  ,15 |/��{ ÉY�/] 

�ze Ë\  ½�Y  �¬e Ze Ë0Z^  80  |��{  Y�]É  ¼�Ìd  ¿Z�¿YÊ��¿Y µ{Z e ,É  �Y12 |��{ ÉY�] e¤ÌÌcY� [MYÂÅÁ /] Ä/]Ì�  �Y75 
|��{  ÉY�]  ½�Y �ÅZ¯  ³{Â·M ÁÊ    [M  �Y11  |��{  ÉY�]  ¼�Ìd  ¿Z�¿YÊ    cZ � �e Á Ë¿ÂÌÃ�    Ze Ã|ÀÀ¯22  |��{  ÉY�/] 

 �§ �ÅZ¯Ì¸ÊÀr¼Å .Ì¾    d�Y ºÆ»  ½ZÌ]ZÅ�Z³ �Z�f¿Y ¶»Z� Ä¯ {Â�É   �/¬§ YÂ/Å �{ {ÂmÂ»Ä/]�Â� Y�/] �/¬§ �/�»É 
¤e/ÌÌcY� [M YÂ/ÅÁ/]Ì�  �Y80  |//��{�Y ÌiP/ecY� /�Z¿Ê  �Yv»Ì�� Ëd/�  �Y �/f¼¯ Z//ÆÀe Á8 |/��{ �Y ¶/¯ cY�//iY 
� Ëd�v»Ì�Ê  Ä·Z]� ¾§{ ¶v» �{    d�Y ½M ½|� Äf�Z^¿Y ¶Ì·{ Ä]]76[.  »Ê½YÂe    Ä/¯ d¨³¸/�YÊ�e Ë¾  ¸»Z/�Ê   �Y Ä/¯

�� Ëª  iPe ÃÁ�³Ì�  ¼�Ìd  ¿Z�¿YÊ  iPe Ä]ÌcY� v»Ì�� Ëd�  ®¼¯»Ê|À¯¯ ,Ì¨Ìd º�Å  {Á�Á {YÂ»É d/�Y ½M �Y|¬» Á -
Y�]ZÀ] Ë¾¤e Á ¾f§�³ ��¿ �{ Z] ,ÌÌ�  ZÆ¿ º�Å �§{ �{ÊË,  »Ê½YÂe  iPeÌcY�  ¸¯Ê  v»Ì�  � Ëf�Ê   {Y{ �ÅZ¯ Y�  .\·Zm ÄmÂe
d�Y¼� ,Ìd  ¿Z�¿YÊ  ÃÁ�³ ZÆÀe    �YÄf�{ZÅÉ  iPeÌ�    d�Y¸¯ cY�iY Ä] �nÀ» Ä¯Ê    ¾n· �y �{¼¿Ê {Â�Y ./Ë¾   Ä/] ©Z/¨eY

·{Ì¶   {Z¬» Ë�   §Z¯Ê  ´À� cY�¸§Ì¾  Z� Á Ë�  ÓM ËÃ|ÀZÅÉ  ¼�Ê    {ÂmÂ»� �{Ê ·Z §Ìd Ê] º�Å É�YÂÅ] d/�Y77[.  ÃÁÔ/�
Y �] Ë¾Y�] ,É  ¼�Ìd  ¿Z�¿YÊy�] ,Ê  iPe �YÌcY�  W�mÊ  ¨�e �YÌÄ   §Z�YÊ   �] Ä¯ [MÌ�Z  d�Y Ã{Â·M   Äf§�³ ��¿ �{»Ê {Â/� 

Á  Y Ä] Ë¾  À »Ê   Ä¯ d�Y»Ê|¿YÂe Ä]½YÂÀ�  §Z�Y �^À»Ê Y�]É �Z] Ë]ZÊ  Ã{Z¨f�Y �]ZÀ»] {Â�78,79[ .¬]/ÌÄ Äf/�{ZÅÉ iP/eÌ� 
)Ä]½YÂÀ�µZj»  cZ � �e ,Ã�Ì¿ÂË  µZ¤�Y ,»�Ì¾ZÅÉ  ��ÁZ�¯É�ze , Ë\    Á cY�¸§ �§Ì¶ZÅ�Y ,Ì|É  /»� ½|�Ì¾Z/��§ , Ë� 

� [MÌ� Ë¾  �ze Á Ë\  Â´·Y �Y (½�YÉ  Æ]Z�»Ê  a/ÌÁ�É  »Ê|/ÀÀ¯Y�/] .É  �ZÀ/� Ä/¼Å ËZÅÂÉ  ��Y/Ë]ZÊ  u Ä/y�q/ÌcZ   �{
f¿ ,¾n· �y Ã{Á|v»ÌÄn  ¸¯Ê    Y�»Ê½YÂe  Ä]½YÂÀ�  |� [ZÀfmY cY�iYÃ  ¸�Y ¶»YÂ� .{�¯ �¯}Ê  ©�] Á ¾n· �§{  �Z] Á

¨�eÌÄÄ¿Zy  » �{ [Ô�Z§Ì½Y�  �f¼¯É    �j¯Y|u Z])20  |��{  ÉY�]  �YÌ|É  »� ½|�ÌÀÊ  Y�/] �f¼¯ ÁÉ  Z/� Ë�  Äf/�{ZÅÉ 
.|Àf�Å (Ä]��  iPeÌcY�  � Ëd�v»Ì�Ê    µZ¤�Y)»�Ì¾ZÅÉ  ��ÁZ�¯É�ze , Ë\    Á cY�¸§ �§Ì¶ZÅ�ze ,/Ë\   cY�/iY �Y (½�Y

� Ëd�v»Ì�Ê  ³Â¸mÌ�É  »Ê|À¯� , ËY�  [Ô�Z§ ÄÌ¨�e �y   cY�iY Ä] �nÀ»� Ëd/�v»Ì�Ê  ¹Z/¼e �{ ÃÂ¬·Z/]ÃÁ�³Z/ÅÉ 
iPeÌ�  »Ê {Â�  ,·Zu�{ÊÄ¯  ¾n· ÄÌ¨�e �y  ³Â¸m h�Z]Ì�É    cY�iY �Y� Ëd�v»Ì�Ä¯ Ê  ]Ì�f�  Y�]É  Äf�{ZÅÉ  iP/eÌcY� 

)Ä]�m  ¼�Ìd  ¿Z�¿YÊ(  d�Y  .Ä]¸¯�Â�Ê  ,»Ê½YÂe   Ä¯ d¨³[Ô�Z§ ÄÌ¨�e �y ] ��» �iYÌ�f�É  Ä/] d^�¿ ÄÌ¨/�e �/y
¾n·    �{v»Ì�� Ëd�  ¬» Äq�Å Á {�Y{Ì�Z    ½M±��]�e    �y ¥Ôy�] ,|�Z]¾n· ÄÌ¨�e ÃÂ¬·Z/] cY�iY ,� Ëd/�v»Ì�Ê 

±��]�e  .{Â] |ÅYÂy  º�Å  ]Ê�YÂÅÉ  iPe Z]Ì�  »Â¼�» �{Ìd  Ä] ½Z�¿Y  ·{Ì¶  ZÆ¿ �§{ÊË  ·¾n    �y �Y (¾n· �§{) ÄÌ¨/�e
¾n·v» �] ,Ì�  iPeÌ� ¨À»Ê »Ê {�Y~³. ��{Ì¾µZu·Âe ,Ì| ¿ º�ÅÌ� f^j» �iYÊ �� �Y Ä¯ {�Y{ Ëª �Z] Á ({Â/¯) �]ZÀ»/Ë]ZÊ 
��¿YÉ    (Z»�³ Á ©�])¶�Zu  »Ê {Â�  Àr¼Å ÁÌ¾  ·{ Ä]Ì¶  ¨�eÌÄ  Z�Y §Ê    �Z]) [M¨�eÌÄÄ¿Zy  [Ô�Z§(  Ä/¯ /�Z¿Ê  �/y �Y

¾n· ÄÌ¨�e  ] d�Y75[.  
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38 SL-LCA: LCA performed within the boundaries of the sludge line

287



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
3. Aziz, N.I.H.A., M.M. Hanafiah, and S.H. Gheewala, A review on life cycle assessment of 

biogas production: Challenges and future perspectives in Malaysia. Biomass and 
Bioenergy, 2019. 122: p. 361-374. 

4. Yadav, M., et al., Biological treatment of lignocellulosic biomass by Chaetomium 
globosporum: process derivation and improved biogas production. International journal of 
biological macromolecules, 2019. 128: p. 176-183. 

5. Morero, B., E. Groppelli, and E.A. Campanella, Life cycle assessment of biomethane use in 
Argentina. Bioresource technology, 2015. 182: p. 208-216. 

6. Berglund, M. and P. Börjesson, Assessment of energy performance in the life-cycle of biogas 
production. Biomass and Bioenergy, 2006. 30(3): p. 254-266. 

7. Mezzullo, W.G., M.C. McManus, and G.P. Hammond, Life cycle assessment of a small-
scale anaerobic digestion plant from cattle waste. Applied Energy, 2013. 102: p. 657-664. 

8. Esteves, E.M.M., et al., Life cycle assessment of manure biogas production: A review. 
Journal of Cleaner Production, 2019. 219: p. 411-423. 

9. Fantin, V., et al., Environmental assessment of electricity generation from an Italian 
anaerobic digestion plant. Biomass and Bioenergy, 2015. 83: p. 422-435. 

10. Ioannou-Ttofa, L., et al., Life cycle assessment of household biogas production in Egypt: 
Influence of digester volume, biogas leakages, and digestate valorization as biofertilizer. 
Journal of Cleaner Production, 2021. 286: p. 125468. 

11. Wang, Y., et al., Life cycle assessment of large-scale and household biogas plants in 
northwest China. Journal of Cleaner Production, 2018. 192: p. 221-235. 

12. Singh, A.D., et al., Life-cycle assessment of sewage sludge-based large-scale biogas plant. 
Bioresource technology, 2020. 309: p. 123373. 

13. Slorach, P.C., et al., Environmental sustainability of anaerobic digestion of household food 
waste. Journal of environmental management, 2019. 236: p. 798-814. 

14. Ding, A., et al., Life cycle assessment of sewage sludge treatment and disposal based on 
nutrient and energy recovery: A review. Science of The Total Environment, 2021: p. 
144451. 

15. Kan, S., et al., Assessment of energy efficiency for the life cycle of large and medium-sized 
methane project. Kezaisheng Nengyuan/Renewable Energy Resources, 2015. 33(6): p. 908-
914. 

16. Xiao, C., et al., Life cycle and economic assessments of biogas production from microalgae 
biomass with hydrothermal pretreatment via anaerobic digestion. Renewable Energy, 2020. 
151: p. 70-78. 

17. Aziz, N.I.H.A. and M.M. Hanafiah, Life cycle analysis of biogas production from anaerobic 
digestion of palm oil mill effluent. Renewable Energy, 2020. 145: p. 847-857. 

18. Curran, M.A., Life cycle assessment: a review of the methodology and its application to 
sustainability. Current Opinion in Chemical Engineering, 2013. 2(3): p. 273-277. 

19. Thomassen, M.A., et al., Life cycle assessment of conventional and organic milk production 
in the Netherlands. Agricultural systems, 2008. 96(1-3): p. 95-107. 

20. Hospido, A., et al., 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, 2005. 10(5): p. 336-345. 

21. Sablayrolles, C., B. Gabrielle, and M. Montrejaud‐Vignoles, Life cycle assessment of 
biosolids land application and evaluation of the factors impacting human toxicity through 
plant uptake. Journal of Industrial Ecology, 2010. 14(2): p. 231-241. 

288



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
22. Houillon, G. and O. Jolliet, Life cycle assessment of processes for the treatment of 

wastewater urban sludge: energy and global warming analysis. Journal of cleaner 
production, 2005. 13(3): p. 287-299. 

23. Tarpani, R.R.Z., et al., Life cycle environmental impacts of sewage sludge treatment 
methods for resource recovery considering ecotoxicity of heavy metals and pharmaceutical 
and personal care products. Journal of environmental management, 2020. 260: p. 109643. 

24. Dong, B., et al., Changes of heavy metal speciation during high-solid anaerobic digestion of 
sewage sludge. Bioresource Technology, 2013. 131: p. 152-158. 

25. Dąbrowska, L. and A. Rosińska, Change of PCBs and forms of heavy metals in sewage 
sludge during thermophilic anaerobic digestion. Chemosphere, 2012. 88(2): p. 168-173. 

26. Liu, Y., et al., Evolution of heavy metal speciation during the aerobic composting process of 
sewage sludge. Chemosphere, 2007. 67(5): p. 1025-1032. 

27. Verlicchi, P. and E. Zambello, Pharmaceuticals and personal care products in untreated 
and treated sewage sludge: occurrence and environmental risk in the case of application on 
soil—a critical review. Science of the Total Environment, 2015. 538: p. 750-767. 

28. McClellan, K. and R.U. Halden, Pharmaceuticals and personal care products in archived 
US biosolids from the 2001 EPA national sewage sludge survey. Water research, 2010. 
44(2): p. 658-668. 

29. Appels, L., et al., Principios y potencial de la digestión anaerobia de lodos activados por 
residuos. Prog. Combustible de energía. Sci, 2008. 34: p. 755-781. 

30. Ma, T., H. Yang, and L. Lu, Feasibility study and economic analysis of pumped hydro 
storage and battery storage for a renewable energy powered island. Energy Conversion and 
Management, 2014. 79: p. 387-397. 

31. Abbasi, T., S. Tauseef, and S.A. Abbasi, Biogas energy. Vol. 2. 2011: Springer Science & 
Business Media. 

32. Zeeman, G. and G. Lettinga, The role of anaerobic digestion of domestic sewage in closing 
the water and nutrient cycle at community level. Water Science and Technology, 1999. 
39(5): p. 187-194. 

33. Gregson, N., et al., Interrogating the circular economy: the moral economy of resource 
recovery in the EU. Economy and society, 2015. 44(2): p. 218-243. 

34. Verstraete, W. and S.E. Vlaeminck, ZeroWasteWater: short-cycling of wastewater resources 
for sustainable cities of the future. International Journal of Sustainable Development & 
World Ecology, 2011. 18(3): p. 253-264. 

35. Vickers, N.J., Animal communication: when i’m calling you, will you answer too? Current 
biology, 2017. 27(14): p. R713-R715. 

36. Puyol, D., et al., A mechanistic model for anaerobic phototrophs in domestic wastewater 
applications: photo-anaerobic model (PAnM). Water research, 2017. 116: p. 241-253. 

37. McCarty, P.L., J. Bae, and J. Kim, Domestic wastewater treatment as a net energy 
producer–can this be achieved? 2011, ACS Publications. 

38. Chernicharo, C., et al., Anaerobic sewage treatment: state of the art, constraints and 
challenges. Reviews in Environmental Science and Bio/Technology, 2015. 14(4): p. 649-
679. 

39. Winkler, M.K., R. Kleerebezem, and M.C. van Loosdrecht, Integration of anammox into the 
aerobic granular sludge process for main stream wastewater treatment at ambient 
temperatures. Water Res, 2012. 46(1): p. 136-44. 

289



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
40. Matassa, S., N. Boon, and W. Verstraete, Resource recovery from used water: The 

manufacturing abilities of hydrogen-oxidizing bacteria. water research, 2015. 68: p. 467-
478. 

41. Batstone, D.J., et al., Mathematical modelling of anaerobic digestion processes: 
applications and future needs. Reviews in Environmental Science and Bio/Technology, 
2015. 14(4): p. 595-613. 

42. Martinez-Sosa, D., et al., Anaerobic submerged membrane bioreactor (AnSMBR) for 
municipal wastewater treatment under mesophilic and psychrophilic temperature 
conditions. Bioresource technology, 2011. 102(22): p. 10377-10385. 

43. Pintilie, L., et al., Urban wastewater reclamation for industrial reuse: An LCA case study. 
Journal of cleaner production, 2016. 139: p. 1-14. 

44. Pretel, R., et al., Economic and environmental sustainability of submerged anaerobic MBR-
based (AnMBR-based) technology as compared to aerobic-based technologies for 
moderate-/high-loaded urban wastewater treatment. Journal of Environmental 
Management, 2016. 166: p. 45-54. 

45. Skouteris, G., et al., Anaerobic membrane bioreactors for wastewater treatment: A review. 
Chemical Engineering Journal, 2012. 198: p. 138-148. 

46. Smith, A.L., et al., Navigating wastewater energy recovery strategies: a life cycle 
comparison of anaerobic membrane bioreactor and conventional treatment systems with 
anaerobic digestion. Environmental science & technology, 2014. 48(10): p. 5972-5981. 

47. Wei, C.-H., et al., Sustainable organic loading rate and energy recovery potential of 
mesophilic anaerobic membrane bioreactor for municipal wastewater treatment. 
Bioresource technology, 2014. 166: p. 326-334. 

48. Ioannou-Ttofa, L., et al., The environmental footprint of a membrane bioreactor treatment 
process through Life Cycle Analysis. Sci Total Environ, 2016. 568: p. 306-318. 

49. Massara, T.M., et al. Benchmarking of low environmental footprint biological processes for 
the treatment of industrial waste streams. in CYPRUS2016 4th International Conference on 
Sustainable Solid Waste Management. 2016. 

50. Foley, J.M., et al., Life cycle assessment of high-rate anaerobic treatment, microbial fuel 
cells, and microbial electrolysis cells. Environmental science & technology, 2010. 44(9): p. 
3629-3637. 

51. Georgiopoulou, M., et al., Selection of the best available technology for industrial 
wastewater treatment based on environmental evaluation of alternative treatment 
technologies: the case of milk industry. Fresenius Environmental Bulletin, 2008. 17(1): p. 
111. 

52. Wu, J.-G., et al., Life cycle assessment of a wastewater treatment plant focused on material 
and energy flows. Environmental management, 2010. 46(4): p. 610-617. 

53. O'Connor, M., G. Garnier, and W. Batchelor, Life cycle assessment comparison of industrial 
effluent management strategies. Journal of cleaner production, 2014. 79: p. 168-181. 

54. Meneses-Jácome, A., et al., Sustainable Energy from agro-industrial wastewaters in Latin-
America. Renewable and Sustainable Energy Reviews, 2016. 56: p. 1249-1262. 

55. Vera, L., et al., LCA based comparative study of a microbial oil production starch 
wastewater treatment plant and its improvements with the combination of CHP system in 
Shandong, China. Resources, Conservation and Recycling, 2015. 96: p. 1-10. 

56. Hospido, A., M.T. Moreira, and G. Feijoo, A comparison of municipal wastewater treatment 
plants for big centres of population in Galicia (Spain). The International Journal of Life 
Cycle Assessment, 2008. 13(1): p. 57-64. 

290



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
57. Krzeminski, P., et al., Membrane bioreactors–a review on recent developments in energy 

reduction, fouling control, novel configurations, LCA and market prospects. Journal of 
Membrane Science, 2017. 527: p. 207-227. 

58. Yoshida, H., T.H. Christensen, and C. Scheutz, Life cycle assessment of sewage sludge 
management: a review. Waste Management & Research, 2013. 31(11): p. 1083-1101. 

59. Carballa, M., C. Duran, and A. Hospido, Should we pretreat solid waste prior to anaerobic 
digestion? An assessment of its environmental cost. Environmental science & technology, 
2011. 45(24): p. 10306-10314. 

60. Peters, G.M. and H.V. Rowley, Environmental comparison of biosolids management 
systems using life cycle assessment. 2009, ACS Publications. 

61. Hospido, A., et al., Environmental assessment of anaerobically digested sludge reuse in 
agriculture: potential impacts of emerging micropollutants. Water research, 2010. 44(10): p. 
3225-3233. 

62. Mills, N., et al., Environmental & economic life cycle assessment of current & future 
sewage sludge to energy technologies. Waste Manag, 2014. 34(1): p. 185-95. 

63. Gourdet, C., et al., In quest of environmental hotspots of sewage sludge treatment combining 
anaerobic digestion and mechanical dewatering: A life cycle assessment approach. Journal 
of Cleaner Production, 2017. 143: p. 1123-1136. 

64. Li, H., et al., Environmental and economic life cycle assessment of energy recovery from 
sewage sludge through different anaerobic digestion pathways. Energy, 2017. 126: p. 649-
657. 

65. Kirkeby, J.T., et al., Environmental assessment of solid waste systems and technologies: 
EASEWASTE. Waste Management & Research, 2006. 24(1): p. 3-15. 

66. White, P.R., M. Franke, and P. Hindle, Integrated Solid Waste Management: A Lifecycle 
Inventory: A Lifecycle Inventory. 1995: Springer Science & Business Media. 

67. Dalemo, M., et al., A study on problems of management of medical solid wastes in Dar es 
Salaam and their remedial measures RRAM Mato, GR Kassenga (Dar es Salaam, 
Tanzania)............. 1 ORWARE–A simulation model for organic waste handling systems. 
Part 1: Model. Resources, Conservation and Recycling, 1997. 21: p. 275-276. 

68. Petersen, M. and H.T. Andersen, Nyttiggørelse af returpapir–En samfundsøkonomisk 
analyse (Use of waste paper–An economic assessment). Institut for miljøvurdering, 
Copenhagen, 2002. 

69. Herrmann, I.T. and A. Moltesen, Does it matter which Life Cycle Assessment (LCA) tool you 
choose?–a comparative assessment of SimaPro and GaBi. Journal of Cleaner Production, 
2015. 86: p. 163-169. 

70. Ciroth, A., J. Franze, and G. Berlin, Life cycle costing in SimaPro. GreenDelta TC, august, 
2009. 

71. Ciroth, A., S. Winter, and G. Berlin, openLCA 1.4 overview and first steps. GreenDelta, 
Berlin, 2014. 

72. Acero, A.P., C. Rodríguez, and A. Ciroth, LCIA methods. Impact Assessment Methods in 
Life Cycle Assessment and Their Impact Categories.[Google Scholar], 2016. 

73. Guinée, J.B. and E. Lindeijer, Handbook on life cycle assessment: operational guide to the 
ISO standards. Vol. 7. 2002: Springer Science & Business Media. 

74. Goedkoop, M. and R. Spriensma, The Eco-indicator 99: A damage oriented method for life 
cycle assessment. Methodology report, 2001. 2. 

75. Lanko, I., et al., Life cycle assessment of the mesophilic, thermophilic, and temperature-
phased anaerobic digestion of sewage sludge. Water, 2020. 12(11): p. 3140. 

291



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
76. Yu, Q., et al., Comparative assessment on two full-scale food waste treatment plants with 

different anaerobic digestion processes. Journal of Cleaner Production, 2020. 263: p. 
121625. 

77. Riau, V., M.Á. De la Rubia, and M. Pérez, Temperature-phased anaerobic digestion 
(TPAD) to obtain class A biosolids: a semi-continuous study. Bioresource technology, 2010. 
101(8): p. 2706-2712. 

78. Khan, E.U. and Å. Nordberg, Membrane distillation process for concentration of nutrients 
and water recovery from digestate reject water. Separation and Purification Technology, 
2018. 206: p. 90-98. 

79. Quist-Jensen, C.A., et al., Membrane crystallization for phosphorus recovery and ammonia 
stripping from reject water from sludge dewatering process. Desalination, 2018. 440: p. 
156-160. 

80. Naushad, M., Life cycle assessment of wastewater treatment. Life cycle assessment and 
green chemistry series. 2018, Boca Raton: CRC Press, Taylor & Francis Group. xvii, 305 
pages. 

292



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

 

Investigation of energy and environmental indicators of biogas-fired power 
plant (BIO-CHP) wastewater treatment plant south of Tehran using life cycle 

assessment (LCA) 
 

3Hosein haji agha alizadeh, *2, Mjid rasouli1Mohammad rahmati  
 

1. Master student of Biosystems Engineering Department, Bu-Ali Sina University (e-mail address 
Mohandesrahmati76@gmail.com)  

2. Assistant Professor, Department of Biosystem Engineering, Bu-Ali Sina University (e-mail address 
m.rasouli@basu.ac.ir) 

3. Associate Professor, Department of Biosystem Engineering, Bu-Ali Sina University
  

Abstract 

With the acceleration of urbanization, the production of urban sludge is increasing rapidly. To minimize the 
environmental impact on the effluent of the wastewater treatment plant, perform environmental impact analysis and 
sustainability assessment in various wastewater treatment technical strategies, including wastewater sludge treatment, 
biogas from anaerobic digestion and energy production, based on life cycle direction. Environmental management is 
essential and is done internationally. The present study examines many articles in order to identify and investigate the 
processes in the treatment plant and the environmental effects of a biogas plant based on sewage sludge that has the 
greatest environmental impact on the biogas production system. The sewage sludge treatment process leads to the entry 
of heavy metals, pharmaceutical products and personal care into water and soil resources, as well as the production of a 
series of greenhouse gases into the atmosphere. In this study, while reviewing the maximum research at the global level, 
the methods used to analyze the results are presented and then, while defining the basic concepts, it expands the 
concepts. A variety of methods are available to assess environmental impacts that could potentially be used if biogas is 
produced. Life cycle assessment method was used to evaluate these effects and injuries in this study. The purpose of 
this study was to evaluate the life cycle and impact of a biogas plant based on municipal wastewater sludge. In general, 
life cycle assessment evaluates the results obtained from the inventory in nine categories of environmental impacts. 
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