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 ���]Ê  ��¿Y ¥��»É  ·Âe �{Ì| � Ì\ Za �]Ë Ä � Äy�qË d� LCA  Z]�}M ½Zf�Y �{Ë ½Zn  ]�£ Ê  

  
 Ã|Ì°q  

   ��Y Ë]ZÊ  ZÅ �yZ�É  ��¿YÉ  � Á Ëd�v»Ì�Ê  Ë®  Y�] µÂ¼ » �Á�É  ¼zeÌ¾  ·ÂeÌ|  Za Ë�Y|  �{  �z]ZÅÉ    ¦¸fz»
��ÁZ�¯  .d�Y É� t�� Ä] ÄmÂe Z] Ë� � d�¯Ì\  ½Zf��Æ� �{ÄÌ»Á�Y �{ �«YÁ ½Zf�Y Ê]�£ ½ZnËZ]�}M , ¥|ÅÄ ·Z�» É  

���] ��ZuÊ  �ÁÌd ��¿Y ¥��»É �Z�f¿Y Á ÓM ËÃ|À ZÅd�Ë� ÉÊ�Ìv» �� �Y Ëª ��Y Ë ]ZÊ Äy�qÉ �d�Ë Y�]É ·Âe Ì| 
y} ÁÌÃ�  �Z�É  �Ì \    ¶�§ �{  d�Y{�]Â�v»d�Y µ .  ¿ {�Â» cZ�Ô�YÌ�Z  �� �Y Ëª    Z]  Ä^uZ�» Á Ä»ZÀ���a½Y�Y|£Z]  

�Ì\  �ÁM �¼mÉ  |�  .Zf¿  �Z�Y �] Ë l,  »Ì´¿ZÌ¾  ��¿Y ¶¯ É  ¿ {�Â»Ì�Z   {Á�ÁÉ  � ¡Z]  {�°¸¼� ÁÌ \    Ä]\Ìe�e  116505 
Á �Zf°Å �] µÁ�Z´»  34951  ¯ Ì¹�³Â¸    .|»M d�{ Ä] �Zf°Å �]Y�]É  ¸¼�ÌcZ   d�Y{�] �Y �a  ,»Ì´¿ZÌ¾  ��¿Y ¶¯É   {Á�Á  É

15727  ¾e �] µÁ�Z´»  |� {�ÁM�]  .� ¡Z]  �{Ì \¶¬¿ Á ¶¼u Á cZ§M �§{ ¹Â¼� ,dyÂ� ºÆ� ,  d^�¿  ��¿Y  ¶¯ Ä] É 
 {Á�ÁÉ Ä] e�eÌ\ 58 % , 12 ٪  Á 11 ٪  ,|¿{Â]·Zu �{Ê  �z] �{ Ä¯�a  ,d�Y{�] �YºÆ� Ä^ mÉ �Ì\  ©�] Á �{ {Á�ÁÉ  

��¿YÉ  e�e Ä]Ì\  50%    Á46%   {Â]  .��Y Ë]ZÊ  ZÅ �yZ�É   ��¿YÉ  ��¿Y d^�¿ Ä¯ {Y{ ½Z�¿  É72/0  µÁ�Z´» �] ¹�³Â¸Ì¯,  Ã�Æ] 
�Á  É��¿Y  É3/0  µÁ�Z´» �] ¹�³Â¸Ì¯��¿Y ,É    �Zy33/3    ¹�³Â¸Ì¯ �]  µÁ�Z´» ��¿Y  ÁÉ  Ã|� Ä§Z�Y �·Zy  32621 - 

  .{Â] �Zf°Å �] µÁ�Z´»Zf¿ �Z�Y �] Ë l  ��Y �Y Ã|»M d�|] Ë]ZÊ  � cY�iY Ëd�v»Ì�Ê  �Ì\�eÓZ] , Ë¾  d�Y    ½Y�Ì» ³{Â·M Ê 
� ¡Z]  �{ µZ»�¿Ì\    Ä] �Â]�» §Á�eÁYÌ�Z°Ì½Â  »Â¼�»  �iY  ÁÌd  ]MÊ  � [MÌ� Ë¾  e�e Ä] Ì\  ¬» Z]  �Ë{Z473 × 10ିଽ    Á
137 × 10ିଽ    ,d�Y Ã{Â]·Zu �{Ê  ¸¼� �{ Ä¯ÌcZ  ¼� ,d�Y{�] �Y �aÌ d  ]MÊ  iPe ÁÌ �  �YÌ| É    ½|� �Ë{Z¬» Z] \Ìe�e Ä]

0/0802 × 10ିଽ    Á0/0121 × 10ିଽ  ]Ì��e Ë¾  |Àf�Y{ Y� �Y|¬»  .Zf¿ �Z�Y �] Ë l,   { dyÂ� Ë µ�    ºÆ� Z] {Â¯ Á97%  
·Âe cY�Z�f¿Y ¶¯ �YÌ| Ã|�  Ä] � ºÆ» �Z¬¿ ½YÂÀ� Ëd�v»Ì�Ê � ¡Z] �{Ì\ |� ÄfyZÀ�  .|¿Y Ã  

  
Äy�q Ê]ZË��Y :É|Ì¸¯ cZ¼¸¯�yZ� ,d�Ë� É�yZ� ,É��¿Y ÉZÅd�Ë� ÉZÅÊ]�£ ½ZnËZ]�}M ,\Ì� ,Ê�Ìv» 
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1-  Ä»|¬»  
   Ä �Âe |À¿Z» Ê¸ËÓ{ ��Zy Ä] ZÅ µZ� Ê� É��ÁZ�¯ ÉZÅ ºf�Ì� {Â¯ �Y Ã{Z¨f�Y ,½ÂÌ�Y�Ì¿Z°» É �§{ ¹Â¼� ,ZÅ

Ã{�¯ �ÌÌ¤e c|� Ä] Ã|� sÔ�Y ÉZÅ�~] Á cZ§M �ËY�§Y �z] ¾ËY �{ Ê¸Ì�§ ÉZÅ dyÂ� Ä] Ê´f�]YÁ ,¾ËY�]ZÀ] .|¿Y
  d�Y Äf§ZË]1Á2[Ã{Z¨f�Y . �ÁZ�  ̄�z] �{ É��¿Y �Y �iR» ÉÄÀÌÆ] ºf�Ì� ,�Y|ËZa |Ì·Âe �{ Ê¼Æ» �¬¿ É� ,É{Z�f«Y É�Z�

 �{ ½YÂe Ê» É��ÁZ�¯ �{ É��¿Y ¶Ì¸ve Á ÄË�ne �Y .|À¯ Ê» É�Z] YÂÅ Ê³{Â·M �ÅZ¯ Á Ê¸Ì�§ dyÂ� �ËZy} �¨u
Â´·Y �{ d�Ë� �Ìv» É�Y|ËZa �] Ê¿Z�¿Y ÉZÅ dÌ·Z § �ÌiPe Ê]ZË��Y  {�¯ Ã{Z¨f�Y É��¿Y ½ZË�m ¦¸fz» ÉZÅ]3Á4[ �Y . 

Ã{Z¨f�Y ,�´Ë{ ¥��d�Ë� cÔ°�» Êy�] {ZnËY h�Z] É��¿Y �Y |u �Y �Ì] ÉÃ�¯ ½|� ¹�³ |À¿Z» Ê�Ìv» ¾Ì»� É
Ä¿Zz¸³ ÉZÅ�Z³ �Z�f¿Y �Y Ê�Z¿  [M Ê³{Â·M ,ÉY–  ¶�Zu �ÅZ¯ ,YÂÅ Á ­Zy �ÅZ¯ Á ­Zy �ËZ��§ ,­Zy É�Ìy

Ä] .d�Y Ã|� �]ZÀ»  �ÅZ¯ ÉY�] \�ZÀ» cZ»Y|«Y [Zzf¿Y �Â�À»d�Ë� cY�iY  É��¿Y ¥��» |»M�Z¯ dË�Ë|» ,Ê�Ìv»
�yZ� �Y Ê°Ë ½YÂÀ� Ä] Á d�Y ºÆ»  {Â� Ê» Äf§�³ ��¿ �{ �Y|ËZa Ä �Âe ºÆ» ÉZÅ]5 Á6[µZ� �{ . Ê]ZË��Y ,�ÌyY ÉZÅ

Äy�q  d�Ë� É)LCA(  d�Ë� cY�iY ¾ÌÌ e Á Ê���] ÉY�] |Ì¨» É�Y�]Y Ä] ÊËY~£ �]ZÀ» Á É��ÁZ�¯ cÓÂ�v» Ê�Ìv»
  Ã|� ¶Ë|^eÃ�Âu �{ µÂ¤�» {Y�§Y ,�Á� ¾ËY �{ .d�Y  É1LCA  É{Á�Á ¹Z¼e  �] Ä¯ ºf�Ì� ®Ë �{ Y� cY�Z�f¿Y  Á ZÅ
Äy�q �Z�Y  |ÀÀ  ̄Ê» ¶Ì¸ve Á ÄË�ne ,d�Y |Ì·Âe |ÀËM�§ ZË cÓÂ�v» d�Ë� É]7  ,8    Á9[  ½Á�§Y�Á� dÌ¼ÅY Ä] ÄmÂe Z] .

Ã{YÂ¿Zy ÊËY~£ |^� �{ Ê£Z] cÓÂ�v»�¬¿ µÂ�v» ¾ËY ,Ê¿Y�ËY ÉZÅ  Ê£Z] cÓÂ�v» �YÂ¿Y ÄÌÆe Á µZ¤f�Y �{ Ê¼Æ»
 \Ì� .{�Y{2    �Ì] ÃÂÌ» ¾ËY ,ª�ZÀ» �Â¿ ¾ËY cÓÂ�v» Ä] ÄmÂe Z] Ä¯ d�Y µ|f » Á {�� ª�ZÀ» �{ ÃÂÌ» ¾Ë�e ºÆ»

ÃÂÌ» �ËZ� Z] Ä�ËZ¬» �{ Y� Ê¿ZÆm c�Zne w�¿ ¾Ë�e  \Ì� Ê¿ZÆm |Ì·Âe .{�Y{ Ê£Z] ÉZÅ3/89    µZ� �{ ¾e2016   Ä¯ {Â]
] ½Y�ËY |Ì·Âe Z3050000  ) ¾e3/4% Ä^e� �{ Z°Ë�»M Á ZaÁ�Y ,¾Ìq �Y �a (Ê¿ZÆm |Ì·Âe ¶¯ É4  {�Y{ �Y�«]10[  .  
   ÃÂÌ» d�Y{�] �Y �a Ä¯ ÊËZm ½M �Y½M �Y Ê�z] ,\Ì� ÉZÅ½M É�Ë~a {Z�§ Ä] ÄmÂe Z] Á {Â� Ê» ¥��» ZÅ  ZÅ
 x�Za Á  ,d�Y{�] ¶�§ �Y k�Zy �{ �Y�Z] ÉZÅ�ZÌ¿ Ä] ÊËÂ³Ã�Ìy}ÃÂÌ» É ¶»YÂ� �Y Êy�] .d�Y É�Á�� �ZÌ�] \Ì� É

ÃÂÌ» É�Y{�Z^¿Y Á Ã�Ìy} �{ Äf�] ,É�Z� \e�» �Â¿ ,Ê^�¿ �Z�§ ,Ê^�¿ d]Â�� ,�Z^¿Y �Ìv» c�Y�u Äm�{ |À¿Z» \Ì� É
 |Àf�Å �iR» ÃÂÌ» �¼� µÂ� �ËY�§Y ÉY�] Ã|ÀÅ{ ��Âa {YÂ» �Y Ã{Z¨f�Y Á É|À]]11,12[    .  

     Z]  É{ZË� cZ ·Z�»  d�Ë� ¶Ì¸ve Á  ÄË�ne  Á É��¿Y  �] �¯�¼e  Ê¿Y{�» Á  �§ ÉÂ¬e -|¿�Y{ {ÂmÁ \Ì� |Ì·Âe Ê�Ìv»
)2016  \Ìe�e Ä] Ê]�£ ½ZnËZ]�}M ½Zf�Y ÉY�] \Ì� |Ì·Âe �{ Y� ÊmÁ�y Á É{Á�Á Ê¸  ̄É��¿Y (7764    �Zf°Å �] µÁ�Z´»

  Á802695  ½M  lËZf¿  �Z�Y�]  .|¿{Y{  ��Y�³  �Zf°Å �]  µÁ�Z´»É�ZÌ]M  [M ºÆ�  ,ZÅ    Ê¸¯  É��¿Y  Ä]  µ�Ë{  dyÂ� Á
  \Ìe�e Ä]  ,É{Á�Á36%    Á16%    {Â]]13[)  ½Y�Z°¼Å Á Ê §Y� .2010É��¿Y  d^�¿  Ä¯ |Àf§�³ ÄnÌf¿  (٣  )ER(Ã�Æ] ,  É�Á

 É��¿Y4  )EP(  �Â�z» É��¿Y Á5  )SE  (  \Ìe�e Ä] ½Y�Æe ½Zf�Y �{ Á \Ì� |Ì·Âe �{ \Ìe�e Ä]16/1   ,µÁ�Z´» �] ¹�³Â¸Ì¯
46/0    Á µÁ�Z´» �] ¹�³Â¸Ì¯06/2    d�Y ¹�³Â¸Ì¯ �] µÁ�Z´»]1[Ä ·Z�» �{ .�{ Ä¯ ÉY   �ZÆq) µÁY ÃÁ�³ ,|� ¹Zn¿Y ½Z¿ÂË

®Ë ¡Z] Ä� Á Ê·Â¼ »  ¡Z]ÃÁ�³ Ä¯ Ê·Zu �{ ,|Àf�Y{ Y� É{Á�Á  É��¿Y ¾Ë�eÓZ]  (Äq�Za   (®Ì¿Z³�Y cZ£Z] Ä¼Å) ¹Â�

 
1- Life Cycle Assessment 
2-  M. pumila 
3- Energy Ration 
4- Energy Productivity 
5- Specific Energy 
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¾ÌËZaY� É{Á�Á É��¿Y ¾Ë�e  Ã��u Ä�Ây ¶Ì°�e �{ ¶»YÂ� ¾Ë�f�Ì] .|Àf�Y{�¯¦¸� ,ZÅ�¯ Ä] .|¿{Â] É�ZÌ]M Á ZÅ-
) ÃÂÌ» |Ì·Âe µÁY ÃÁ�³ ÉY�] ,ÃÁÔ�41189  ) ÊmÁ�y É��¿Y Á (�Zf°Å �] ¹�³Â¸Ì¯98854  �Ì] (�Zf°Å �] µÁ�Z´» ¾Ë�e

  |¿{Â]]14[ºÅ .Y�] ,¾ÌÀq) ½Y�Z°¼Å Á Ê¸ ¿Zy ªÌ¬ve �Z�2020�Ì] µ�Ë{ dyÂ� (  Z] Y� É��¿Y ¥��» ½Y�Ì» ¾Ë�e
  d^�¿77%    {�Y{]15[) ½Y�Z°¼Å Á Â´¿Â· .2016  (LCA  Ã�Ìn¿� Ä] ZÌ·ZfËY µZ¼� �{ Y� Ê·Â¼ » Á ®Ì¿Z³�Y \Ì� �^À» ÉZÅ

½M .{�ÁM d�{  É�Á�Z] ¥Ôy�] Ä¯ |¿{Y{ ½Z�¿ ZÅ |¿YÂe Ê» Ê·Â¼ » ÉZÅ \Ì� Ä] ®Ì¿Z³�Y ÉZÅ \Ì� tÌm�e ,¾ÌËZa
Ä]  d�Ë� cY�iY �ÅZ¯º¯ ¥ÔfyY  ,LZÀjf�Y  Ê¼¯ Z]  .|À¯ ®¼¯ Ê�Ìv»  �Y �e7%  ¶Ì§Á�a  ¾Ì]d�Ë� ÉZÅ Á{  Ê�Ìv»

Ê» w� �ËZ»�M {�Â» µÂ�v»  |Å{]16[Ä ·Z�» �{ . {�°¸¼� ,¾Ìq �Â�¯ �{ É�´Ë{ É  d�Ë�ºf�Ì� Ê�Ìv» |Ì·Âe ÉZÅ
½M ªÌ¬ve .|� Ê]ZË��Y ®Ì¿Z³�Y Á Ê·Â¼ » \Ì�  µZj» ½YÂÀ� Ä]) ½M Z] �^e�» ÉZÅ{Â¯ �Z�f¿Y Á |Ì·Âe Ä¯ {Y{ ½Z�¿ ZÅ

d�Ë� cY�iY Ê¸�Y ¶»YÂ� L�m É�Z¼Ì] Á d§M dË�Ë|» ÉY�] É{Á�Á ÉZÅ É��¿Y Á (Ê»Y{ Á Ê�ÂÀ�» ÉÁ� Ê�Ìv»
|¿{Â] Ê·Â¼ » \Ì� |Ì·Âe ºf�Ì�d�Ë� Ê¸¯ cY�iY �{ Ê¼Æ» ºÆ� Ä¯ Ê·Zu �{ , {Â¯ Ã�Ìy} Á |Ì·Âe ¶Ì·{ Ä] Ê�Ìv»

ºf�Ì� �{ ®Ì¿Z³�Y  d�Y ®Ì¿Z³�Y \Ì� |Ì·Âe ÉZÅ]17[Äy�q É�°§ {�°ËÁ� .  d�Ë� ÉLCA   |À¯ ¾Ì¼�e |¿YÂe Ê»
d�Ë� cY�ÌiPe Ä¯®Ë �Á� ®Ë ªË�� �Y Ê�Ìv»Ä¸u�» Ä] Ä¸u�» ®Ë �Y �¬§ Á |¿Â� Ê» Ã|ÅZ�» Äq�Za Ê¼¿ ¶¬fÀ» É

 |¿Â�]18 Á19[.   
   Ä ·Z�» pÌÅ Ä¯ |Å{ Ê» ½Z�¿ {ÂmÂ» �]ZÀ» �Á�»d�Ë� ÉZÅ �yZ� Á É��¿Y ¾Ì¼ze {�Â» �{ Ê¸»Z¯ É Ê�Ìv»

 ,É�´Ë{ ¥�� �Y .{�Y|¿ {ÂmÁ ½Y�ËY �{ (\Ì� Ã�Ìy}) d�Y{�] �Y �a ÉZÅ{�°¸¼� Ze Ê£Z] \Ì� µÂ�v» |Ì·Âe �Y
Á ®Ë�eY�f�Y cÓÂ�v» �Y Ê°Ë \Ì� µÂ�v»   |À»�ZÌ¿ Á d�Y Ê]�£ ½ZnËZ]�}M ½Zf�Y �{ �Â�y Ä] Á ½Y�ËY �{ ºÆ»

Ä ·Z�»�Ì] Ä¯ d�Y Ê Ì�Á ÉÃ{Z¨f�Y ÉZf�Y� �{ Á {Â� ¶¼� ½M ÉÁ� �fÆ] Á �e  É��¿Y ¥��» É�Z� ÄÀÌÆ] Á ÄÀÌÆ] É
Ä^Àm �{ �Â¯~» µÂ�v» |Ì·Âe �{  Ä] ÄmÂe Z] .{Â� ¹Zn¿Y É{�]�Z¯ Á ¹�Ó cZ»Y|«Y ½M ¦¸fz» ÉZÅ cZ ·Z�» Ä¯ ¾ËY

Äy�q �{ Ê§��» É��¿Y Ê���] Z] Ä�]Y� �{ É{ZË� ¹Zn¿Y Ä] ½ZÆm ¦¸fz» �Z¬¿ �{ É��ÁZ�¯ cÓÂ�v» |Ì·Âe ¶»Z¯ É
Ä] ��vÀ» Á Ê»Â] c�Â� Ä] \Ì� |À¿Z» ÊeÓÂ�v» |Ì·Âe |ÀËM�§ Ä¯ ÊËZÅ cÁZ¨e Ä] ÄmÂe Z] ¾°Ì· ,d�Y Ã|Ì�� �{ {�§

Ä¬�À» �ÅÊ» Y�Y{ ÉY Á� ¾ËY �Y ,|�Z]Ä ·Z�» ¹Zn¿YÃ{ZÆÀ�Ìa �{ É{�Â» ÉÄ] dÌ¼ÅY �WZu ��Zu ÉÊ» ��¿ .|�� 
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2-  �Á� Á {YÂ»  
2-1- \Ì� É�Y{�Z^¿Y Á |Ì·Âe  

   ½M �Y� ½Zfy�{ Ä¯ ZmÌ\  ·Âe �~] Z]Ì|  ¼¿ ¶j»Ê  Ä¼¸« �Y ,|ÀÀ¯Y�] ZÅÉ  j°eÌ�  |m ½Zfy�{ Ë|  » Ã{Z¨f�YÊ   .{Â�
 � Ä«Z� Ë� »�ÌÀÊ  Y�] Ä¯É » Ã{Z¨f�Y ½{� Ä¼¸«Ê Ä¿Â³ Ä] {Â�YÉ » [Zzf¿YÊ� ½Zfy�{ Ä¯ {Â�Ì\ZÅÊË  Ã�Y|¿Y �{ZÅÉ 

] Á cY��u ,Z»�� �]Y�] �{ d»ÁZ¬» ,¦¸fz»Ì�Z¼É  Á Á ZÅ´f�]YÊ    {�°¸¼� .|ÀÅ{ ��Á�a ­Zy Ä]  Ã{�Z] Á Äf�] ½Zfy�{
  �Y dy�{ º¯Y�e Ä]40    Ze200  ̄Ì¹�³Â¸  �Z  ̄½Zfy�{ {Y| e) {Â] |ÅYÂy(�]�»�f» �{ Ã|� Äf  . ½Zfy�{ ,½Zf�»� µÂ� �{

�Ì\    ÃZ» �yYÁY �{¾Ë{�Á�§  » duY�f�YÊ  » |�� Ã�Z]Á{ Á |ÀÀ¯Ê  Za �yYÁY �{ µÂ¼ » �Â� Ä] ½Zfy�{ .|ÀÀ¯ÌË�   �a
� �Y Ë��  ±�]  ZÅ ËZ  YÁY �{ Ë ¶    �Y ¶^« �ZÆ]|��  ±�]» ��Å ZÅÊ  YÁY �{ .|¿Â� Ë¶    ¶�§  d�Y{�]�Á�Z] ,µÂ�v»É   Á

­Zy��ÁÉ  fy�{Z½  ºÅ» ¹Zn¿Y ½Z»�Ê  Y�] .{Â� É  Â^Æ] {  ̄Ì ̈Ìd  ZÅ{Â  ̄Á {Â  ̄,­ZyÉ  � Ì¼ÌZÊË  ¿ |À¿Z»ÌcY�f  ¿Â»MÌÂ¹  ,
�aÂ�  �Zfa cZ¨·Â� Á cZ¨�§ Ìº  » Ã{Z¨f�Y ¹Á�· c�Â� �{Ê  Â�¿|  .¶³ �Á�� Z]Å{Ê]M µÁY Ä¸u�» ,Ì�ZÉ  Za Ä] Ë½Z   »Ê 

» d�Y{�] �Y �a ¹Á{ Ä¸u�» Á |��ÌÃÂ  Za Ä] Ë½Z  »Ê  Ã�Á{ .|��É  ]MÌ�ZÉ  » Ä] Äf�] ½Zfy�{Ì½Y�   Y�] {ÂmÂ» [MÉ  
]MÌ�ZÉ    �Y7    Ze14  ¤f» �Á�Ì�  ]M .d�YÌ�ZÉ Y Ã��« �Á� Á{ Ä] É    Á Ê]M ©�£  » ¹Zn¿YÊ   ��YÁY �Y d�Y{�] .{Â� �ÂË�Æ� 
£M�Z  »Ê    ÃZ» �yYÁY Ze Á {Â�½Z]M   ËZ   � ]Ê    ��YÁY Ze cZ«ÁY�}M   {�Y{ Ä»Y{Y  .]20[¶«Y|u .   d]Â��  Ê^�¿  �Z^¿Y  |ËZ]  90 ٪  

|�Z]  .�{  �Ì£  ¾ËY  ,c�Â�  ½Y�Ì»  �Ìz^e  d]Â��  ÃÂÌ»  �ËY�§Y  Äf§ZË  Á  h�Z]   ¾Ìq  Á  ­Á�q  Á  �ÅZ¯  ½�Á  Ê»    {Â�]21[  . 
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2-2-  �¼m  cZ¬Ì¬ve Ã�Âu Á Ã{Y{ É�ÁM  

Ä ·Z�»  ��Zu  �{  ¡Z]ÉZÅ  \Ì�  ,ÄÌ»Á�Y  Z]  duZ�»  10548  �Zf°Å  Á  1332  �f»  �eÓZ]  �Y   t��  ,ZË�{   �«YÁ  �{   �z] 
É�¯�»  ½Zf�Y  ½ZnËZ]�}M  Ê]�£  ¹Zn¿Y  Ã|�  d�Y¶°�) .  1(  Ä »Zm  É�Z»M  Ã{�f�³  ÉY  Ä]  Ã{Z¨f�Y  �Y  Ä¿Â¼¿  É�Ì³  Ê§{Z�e 

Ã{Z�  �ZÌ¿   {�Y{  .�{  ¾ËY  ,�Á�  µZ¼fuY  Ä¿Â¼¿  É�Ì³  �{  �Å  Ä¸u�»  ÉY�]  ¹Z¼e  ÉZ��Y  Ä »Zm  ½Z�°Ë  d�Y  .,¾ËY�]ZÀ]  Ã�Y|¿Y 
 Ä¿Â¼¿ Z] µÂ»�§ ½Y�qÂ¯  ¾ÌÌ e Ê»  {Â�.  

 )1(  2 2

2 2 2
N  

 
t Sn

Nd t s
=

+
 

 )2(    t sd
n
×

=  

 ½M �{ Ä/̄  N  ) Z/] �]Y�]620Ã�Y|/¿Y (  Ä/ »Z/m  É�Z/»M  d//�Y  )�{  ¾ËY   {�Â»   {Y|/ e  |/Ì·Âe  ½Z/³|/ÀÀ¯  \/Ì//�  �{  Ä/¬�À» 
ªÌ¬ve(, t \Ë�//� ½ZÀÌ¼�Y  �{   t�//� 95٪  ) Z] �]Y�]96/1,d//�Y ( ݏଶ �¿ZË�YÁ �Ìa ÊÀÌ] Ã|//�  )d^//�¿ É��¿Y   (Z] �]Y�] 

)174/0(,  d ) Z] �]Y�] �Zn» ÉZ�y736/0(  Á n  Ã�Y|¿Y    .d�Y Ä¿Â¼¿Y�]É   » ¥Y�v¿Y {�ÁM�]Ì�Z mÄ »Z  ¥|Å(S)  ,20  ¡Z]   Ä]
 §{Z/�e �Â�Ê   » ¥Y�v¿Y Á |¿|/� [Zzf¿YÌ�Z  d^/�¿  Ä]��¿YÉ  �{  ) Ä·{Z »1·Âe .|/� {�YÁ (Ì|  /� ½Z³|ÀÀ¯Ì\ 91  Ä»ZÀ/�/��a

¼°e Y�Ì¶ |¿{�¯.  

  

¶°� 1-  ½Y�ËY �{ ÄÌ»Á�Y ÊËZÌ§Y�¤m dÌ «Â»  
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Ä»ZÀ���a �YY�] ZÅÉ   �¼m �ÁMÉ  Ã{Y{¸¯ {�Â» �{ ZÅÌÄ   {Á�ÁÉ¿ |À¿Z» ZÅÌÁ�É  ¿Z�¿YÊ { dyÂ� , Ëµ� [M ,¶¬¿ Á ¶¼u ,
]MÌ�ZÉ¿) ZÅ{Â¯ ,ÌcY�fÃ��u) cZ§M �§{ ¹Â¼� ,{Â¯ ,(cZ¨·Â� Á �Zfa ,cZ¨�§ ,º� ,�¯o�Z« Á �¯·Âe Á (�¯Ì| 
�Ì\    ½YÂÀ� Ä] Ë®  ymÁ�Ê» Ã{Z¨f�Y Ê {Â�] .Ì�    �Y80٪  Ì·Âe|  ¯½Z³|ÀÀ  � Ì\    �ZÆq Ä] Y� {Ây cÓÂ�v»Ä¿Zy{�� 

¸�YÊ  Z]�}M  ½Zf�Y  �{Ë½Zn  ]�£Ê  Zm  ,|¿{�¯  ¶¬fÀ»ÊË    Ä¯40٪  ½MZÅ  cÓÂ�v»   {Ây  Y�  �{  Ä¿Zy{��ZÅÉ   f À� Ê 
�Y|Æ´¿É  »Ê    Ä] �Â]�» cZ�Ô�Y .|ÀÀ¯Ä^ mZ�Á , Ë¶  ¸¬¿ÌÄ ,¶¬¿ Á ¶¼u ��¿Y ,[MÉ  ^� �Z³ ÁÌ Ê   � �{ Ã{Z¨f�Y {�Â»Ê 

Y �a ¶uY�»�  ·Âe Z] Ä^uZ�» Á Ä»ZÀ���a �Y Ã{Z¨f�Y Z] d�Y{�]Ì½Z³|ÀÀ¯| �Ì\  ] Ä|»M d�{ . 
 
 
  

2-3-   �yZ� Á É{Á�Á ½ZË�m É��¿Y ÉZÅ  

   )  Ê¿ZfÌ¯1999  (  [�� Z]  �Å {Á�Á �Y|¬»É  �� �{ Ë\  ��¿YÉ  ��¿Y µ{Z » ,Ä�Â]�»É   {Á�ÁÉ  mÁ�y ÁÊ    Y�  �{
 µÂ»�§3  {�¯ Ä^�Zv»  ]22[.  

)3 (  Einput=Iconsumption × ecinput 

Ä¯   ½M �{  inputE  ��¿YÉ   {Á�ÁÉZÅÉ   §��»  ,(�Zf°Å �] µÁ�Z´») ÊconsumedI    �Â¼n»  É��¿Y {Á�ÁÉ    ¥��» Ä¯ d�Y
»ÌuYÁ) {Â�|1-ha  Á (inputec  ��¿Y µ{Z »É   {Á�ÁÉ  uYÁ) d�ZÅ  |1-MJ.(   {Á�Á |uYÁÉ  ÅZ» Ä]  Äf�]Ì d   {Á�ÁÉ   cÁZ¨f»

Y�] ,µZj» ½YÂÀ� Ä] .d�Y É   { dyÂ� Ëµ�  · |uYÁÌ�f  Y�] ÁÉ  ¯ |uYÁ ZÅ{Â¯Ì¹�³Â¸  .d�Y  Y�]É  ���]Ê  iPeÌ�    ¡Z] Ã�Y|¿Y
��¿Y ¥��» �{É  Z¬» Á ËÄ�  ��¿YÉ  ·ÂeÌ| É  ]Ì¾  ZÅ Ã�Y|¿Y Z] cZ£Z]É  ZÅ ¡Z] ,¦¸fz» É  � Ì\  �) ®qÂ¯ Äf�{ Ä� Ä] Ë� 

75/0    ��Âf»  ,(�Zf°Å)5/1-75/0  �Zf°Å  (Á  ±��]  )Ì]��e    �Y5/1   �¬e (�Zf°ÅÌº   ÄÀ»Y{ |Àq ½Â»�M �Y �b� Á (|¿|�
Y�] ¾°¿Y{É  Z¬» ËÄ� M�Z»É Y Ë¾ .|� Ã{Z¨f�Y Äf�{ Ä�  

   �yZ�ZÅÉ ��¿YÉ �Y�]Y ½YÂÀ� Ä] É Y�] �iÂ»É ���]Ê Z¬» Á ËÄ� �Ìºf�ZÅÉ  ·Âe ¦¸fz»Ì|  ÃÁÔ� .|¿Y Ã|� ¦�¯
Y �] Ë¾ e ,ÌÌ¾  Y Ë¾   » ZÅ �yZ�Ê  Y�§Y Ä] |¿YÂe Ë�  �Á Ã�Æ] É  ��¿YÉ    d^�¿ .|À  ̄®¼¯ ��¿YÉ  )ER( ,  �Á Ã�Æ] É  ��¿YÉ(EP)    

(µÁ�Z´» �] ¹�³Â¸Ì¯)��¿Y ,É  Á ËÃ�  (SE)    (¹�³Â¸Ì¯ �] µÁ�Z´»)��¿Y ÁÉ  Y �·ZyÄ§Z�    Ã|�(NEG)  (�Zf°Å �] µÁ�Z´»)    �Y
ZÅ �yZ�ÊË � cÓ{Z » �Y Ã{Z¨f�Y Z] Ä¯ |Àf�Å Ë�   Ä^�Zv» ¶]Z« :|Àf�Å  

)4 (  ( )
( )

1

1

  .

  .

EO MJ ha
ER

EI MJ ha

−

−
=  

)5 (  ( )
( )

1

1

  .

  .

Y kg ha
EP

EI MJ ha

−

−
=  

)6 (  ( )
( )

1

1

  .

  .

EI MJ ha
SE

Y kg ha

−

−
=  

)7 (     –  NEG EO EI=  
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Ä¯   ½M �{  EO  ��¿Y É   mÁ�yÊ  ,(�Zf°Å �] µÁ�Z´»)  EI  ��¿YÉ   {Á�ÁÉ    (�Zf°Å �] µÁ�Z´»)  ÁY  ) Ã{�Z]  �] ¹�³Â¸Ì¯
d�Y (�Zf°Å . 

 
 
 
 
 
 
 
 
 
  
2-4- Äy�q Ê]ZË��Y\Ì� É�Y{�Z^¿Y Á |Ì·Âe d�Ë� É  

y�q  Ê]ZË��YÈ    d�Ë��Y�]Y  ½YÂÀ�  Ä]É   Y�]É   �¼m�ÁM É  ��Y  Á Ë]ZÊ   {Á�ÁÉmÁ�y  ,ZÅÊa  Á  ZÅÌZÅ|»ZÉ    ÃÂ¬·Z]
� Ëd�-v»Ì�Ê   Ë®  �Ìºf�  ·ÂeÌ|  Äy�q µÂ� �{É   �¼�  µÂ�v»  � e Ë¦  .d�Y Ã|� ]ÄmÂe Z   Ä]  {�Y|¿Zf�Y14040   Á�ËY

2006  ¸�Y  Ä¸u�»  �ZÆqÊ  Á� Ë {�°  LCA   e  �Y  |Àe�Z^�ÌÌ¾    ,ÄÀ»Y{  Á  ¥|Å  d��Æ§ {ÂmÂ»É  Äy�qd�Ë� É  )6LCI ,(
��Y Ë]ZÊ iPeÌ� Äy�qd�Ë� É  )7LCIAÁ ( �Â�À» Á ¥|Å]23 Á24[ . 

 
  
2-4-1-  �Â�À» Á ¥|Å  
   ·ÁYÌ¾  ¹Z³ ¾ËYÄ ·Z�», ÊËZ�ZÀ� Y �Y ¥|Å .d�Y Ä ·Z�» ¥Y|ÅY Ë¾ ���] Ä ·Z�»Ê iPeÌcY� ·ÂeÌ| �Ì\ ¡Z] �{  ,ZÅ

¶¬¿  Á  ¶¼u  y} ÁÌÃ�  �Z�É    �{Ä¿Zy{��ZÅ  v»  �]Ì�  �Ëd�  Y .{Â] Ë¾  ZÅ|uYÁ Ä¸u�»É   {�°¸¼�É  )8FUZÅ��»  Á ( É  
�Ìºf�   e Y�ÌÌ¾  »Ê  � ��» .|À¯Ìºf�  Y �{ Ë¾  ·Âe �Y �Y~³ ½YÂÀ� Ä] Ä ·Z�»Ì|  � Ìy} Ä] (Ã�YÂÆ³) ¡Z] �{ \ÌÃ�  �Ì \   �{

Ä¿Zy{��  � e Ë¦    .d�Y Ã|�  É{�°¸¼� |uYÁ�ÂeÌ¦   {|� É  �Ìºf�  ·ÂeÌ|   d�Y  ]25Á26[  .�ne ËÄ  ¸ve ÁÌ¶  v»Ì�  � Ëd� 
Y �{ Ë¾  �Y Ã{Z¨f�Y Z] Ä ·Z�»1 � ¾eÌ\ ·ÂeÌ|  ½YÂÀ� Ä] Ã|� É{�°¸¼� |uYÁ|� ¹Zn¿Y. 

 
  
2-4-2- Äy�q É{ÂmÂ»   \Ì� d�Ë� É  
   Y Ë¾    Ä¸u�»É{ÂmÂ» �Y Êf��Æ§   {Á�ÁÉ    Y�  ZÅÊ» ÄWY�Y|Å{  ¬f�» �Z�f¿Y ¶»Z� Ä¯Ìº  v» �Å Ä]�Ì    Á [M ,YÂÅ)

ºÅ Á (­ZyÀqÌ¾  £ cY�Z�f¿YÌ�¬f�»Ìº  �Z¿Ê  ·Âe �YÌ |    �Å �{ Ã{ZÆ¿1  ·Âe ¾eÌ|  �Ì\  ¬f�» �Z�f¿Y .d�YÌº  £ ÁÌ�  ¬f�» Ìº  
¿Ì�   {Á�Á ½YÂÀ� Ä]É  Ä¸u�»  É��Y Ë]ZÊ  iPeÌ�  Äy�q  d�Ë�  LCIA   ��Y �{ Ë]ZÊ  Äy�q  d�Ë� É�³ ��¿ �{Äf§  »Ê   �{ .{Â�

ZÅ ¡Z] É �Ì \ |À] Äm�{ ,¶¬¿ Á ¶¼u É y} ÁÌÃ� Ä¿Zy{�� �{ É�Z�  »Ê ¿YÂe |  »Ì ½Y�  e Y� �Z�f¿YÌÌ¾ ¯À .| »Ì½Y�  �Z�f¿Y

 
6 - Life Cycle Inventory 
7 - Life Cycle Impact Assessment 
8 - Functional Units 
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£Ì�  ¬f�»Ìº   {Á�Á �Y|¬» ½YÂÀ� Ä]É    |uYÁ �Å �{ Ã{Z¨f�Y {�Â»  É{�°¸¼�� e Ë¦  »Ê  �� �Y Ä¯ {Â� Ëª   e Ä»ZÀ���aÌÌ¾ 
»Ê  YÂÅ Á [M ¶»YÂ� .{Â�ÊË  |» Á Ë� Ëd  ¸¼�ÌcZ  »Ê  ¬f�» �Z�f¿Y �] |À¿YÂeÌº  iPeÌ�   |¿�Y~´]  ]27Á28[  ÉY�] �Ë� cÓ{Z » .

 {Â¯ �ËZy} ¾Ì¼ze :|¿|� Ã{Z¨f�Y  
)8 (  NH3 – N = (Nfer × Ffer) + (Nfym × Ffym) 
)9 (  NO2 – Ndirect = (Nfer + Nfym + Nres) × F1 
)10(  ܰ ଷܱ

ି - N = (Nfer + Nfym + Nres) × Frac LEACH 

Ä¯ ½M �{  ferN  ¿ �Y|¬»Ì½�Á�f    ,d/�Y {Â¯ �{ferF �/� Ë\  �Z/�f¿Y3NH   ,d/�Y {Â¯ �{fymN ¿ �Y|¬»Ì½�Á�f  {Â¯ �{
  ,d/�YfymF  �/� Ë\ ,d/�Y {Â¯ �{ �Z/�f¿Y  directN - ٢NO  ¬f/�» �Z/�f¿YÌº /�¯Â¿Â»Ì|   {É ¿Ì½�Á�f  d/�Y.  resN YÂfv»É  ¿Ì½�Á�f 
Z¬] �{ ËZÉ ³ÌÅZÊ   ,d/�Y1F �Z/�f¿Y ¶»Z�  2NO  ௞௚ேమைିே

௞௚ே
)(  d/�Y  Z] �]Y�] Ä¯)01/0(  d/�Y]29[ .LEACHFrac  �/� Ë\ |^e Ë ¶ 

( ௞௚ேைయ
షିே

௞௚ேೌ೛೛೗೔೏೐
)   �Y|¬» Z]3/0  Áܱܰଷ

ି    �Y|¬» Z] cY�fÌ¿ �Z/�f¿Y ½Y�Ì»40/1 ZÅ�Âf¯Z§ .d/�YÉ  �Y {Â¯ �Z/�f¿Y]29[  Á]30[ 

|/� Ä^/�Zv»|¿.  ·{ Ä]Ì¶  Z/��§ Á ½|/� Äf/�/� Ë�  /�z] ,­ZyÊ À» Ä] {Â¯ �{ {ÂmÂ» �¨/�§ �YZ» {Y�M [M �]Ê  {Â/�]31[ .
�/� Ë\ ZÅ{Â¯ �Z/�f¿YÉ  �]Za ËÄ P   �Y|¬»05/0    |»M d/�|]]29[Y �] ÃÁÔ� . Ë¾�/� , Ë\ |^e Ë¶ ) cZ¨/�§5O2P�¨/�§ Ä] ( 
(P) �Y|¬»43/0  Y.d/�  »Ì½Y�  ¬f/�» �Z/�f¿YÌº /�Z¿Ê  { dyÂ/� �Y Ã{Z¨f/�Y �Y Ëµ�  ]Z ]32[ ] .|/� Ä^/�Zv» ÄmÂe Z Ä]]29[  ��§
Y �] Ë¾  Y�mY Ä¯ d/�YÉ Ã�/�u �{ {ÂmÂ» µZ §ZÅ �¯É » {Y�M ­Zy �{Ê  e �Y �a .|¿Â/�ÌÌ¾ »Ì½Y�   �{ �Z/�f¿YYÂÅ ,

ºÅ Á ­Zy Á [MÀqÌ¾  {Á�ÁÉ mÁ�y ÁÊ¬ve ¹Á{ d¼/�« ,Ìª  ,É{ÂmÂ» d/��Æ§ ,Za Ä] Ë½Z »Ê .|/��  /� ��»Ìºf/� 
/� ¶¼u ¶»Z/�Ì\   Ä] ¡Z] �YÄ¿Zy{�/�   �/�Âf» .d/�YÄ¸/�Z§  ÉÌ]¾  Á ZÅ ¡Z]Ä¿Zy{�/�ZÅ �¬e Ë0Z^ 300 ¯Ì�f»Â¸   {Â]Ã  /� ÁÌ\ 
»Z¯ Z] \¸£Y ZÅÌ½Â  ZÅÉ 4 ÀeÊ » ¶¼uÊ //�¿Â�ÁM �¼m cZ�Ô�Y .|É  Y �{ Ã|//� Ë¾  {Á�Á ½YÂÀ� Ä] Ä¸u�» É��Y Ë]ZÊ 

iPeÌ�  Äy�q d/�Ë�  LCIA » Ã{Z¨f/�YÊ  Y�] �Y�§Y ¹�¿ �Y ½M �{ Ä¯ {Â/�É ¼zeÌ¾ iPeÌcY� d/�Ë�v»Ì�Ê » Ã{Z¨f/�YÊ 
 {Â�. 

  

2-4-3-  ��YË]Z Ê  iPe Ì�   Äy�q  d�Ë�  LCIA  ÊmÁ�y �Ì�¨e  ÁÄy�q  Ê]ZË��Y  ÉZÅ  �{ d�Ë�  É
ÃÂÌ» \Ì� É  

 Y �{ Ë¾  M�§ ËÀ|�Z�f¿Y ,cY    Ä]  �Â]�»  Ä]  ¶¬¿  Á ¶¼u ,cZ£Z]Ä¿Zy{��  y} ÁÌÃ�  �Z�\Ì� É   {Á�Á ½YÂÀ� Ä]É    Ä]
¹�¿�Y�§YSimapro V.8.03.14  |� {�YÁ  ��Y Ë]ZÊ  iPeÌcY�    �Á� Ä]  Äf�]CML2    �yZa ËÄ  V2.05 2000   Y�]É  �Z� µ|» É  

  ¹Zn¿Y|Ë{�³a .ÌZÅ|»ZÉ  � Ëd�  v»Ì�Ê  Y �Y Ã{Z¨f�Y Z] Ë¾  �Á�   Á    �Y Ã{Z¨f�Y Z]10  iPe Ä·Â¬»Ì�   �¿Zfa ¶»Z�Ì¶  �YÌ| É    ½|�
)9ACP�ÅZ¯ ,(  Ã|¿� �Ì£  )10AD �¿Zfa ,(Ì¶  »� Ã�  ̄½|� ¹�³Ì¾  )11GWP �¿Zfa ,(Ì¶   §Á�eÁYÌ�Z°Ì½Â  )12EUP  ,(�ÅZ¯   Ó Ë Ä  

 
9 - Acidification Potential 
10 - Abiotic Depletion 
11 - Global Warming Potential 
12 - Eutrophication Potential 
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�YÁ) ½13OD»Â¼�» ,(Ìd  �{ [M Z]ËZ  )14MAET  ,(» ¶Ì�¿Zfa¼�Ì»Âd  ¿Z�¿YÊ  )15HTP»Â¼�» ,(Ìd  M Z][  �Ì� Ë¾   ZË�{ Ã�Ze Á 
)16FAETY ,( �¯Ì�Y|Ì½Â  �Âf§Ì¼ ÌZÊË   )17PhO �¿Zfa ,(Ì¶  »Â¼�»Ìd  � Ëd�  v»Ì�Ê  »�Ì À  Ê)18TEP(    |Àf�Å]33[  .�{   ��Y Ë ]Z Ê  

iPeÌ�  Äy�qd�Ë� É  LCIAZÅ Ã{Y{ ,É    d��Æ§ {ÂmÂ»É  Y�� �{ Ë\  |^e Ë¶  » [��Ê    Ä] Äf�] Ze {Â�]30[    �yZ�
ZÅÉ d�Ë�v»Ì�Ê Y Ë {Zn Â�¿|: 

)11(  ICIi = ∑J RJ   ×CFij 

Ä¯  ½M  �{  iICI  iPe  Ã�¼¿Ì�  Y�]É  Äf�{  Éi    ÉY�Y  Ä]É{�°¸¼�  |uYÁ  FU  ,JR   {�]�Z¯   {Á�ÁÉ  j  Y�Y  Ä]  |uYÁ  É
É{�°¸¼�  FU    ÁijCF   {Á�Á Ä�z�» ¶»Z�É  j  iPe �{Ì�  Äf�{É  i   .d�Y  � {�°ËÁZÅÉ  ¨¸fz»Ê  Y�] É  Z¬» ËÄ�  � ¶»YÂ  v»Ì �Ê 

 {Z�) �yZ� .{�Y{ {ÂmÁÉ  �yZ� �Å -�m�» �Y|¬» Z]  (Ä]   Ë®   {|� �m�» Ã�Z¼�É  Ê» ºÌ�¬e {Â�   �z] Ä] Ä¯Ê   �Y
» �Z�fyY cZ�Ô�YÊ  Ë|]Z ¿ .µZ»�  �Z�É  »Z¿Ê  Y Ä] Ä¯ d�Y Ë¾  M�§ Ë|À  » Ã{Y{Ê  f«Á .{Â�Ê  ZÅ|uYÁÉ  v»Ì�Ê   µZ»�¿

»Ê  iPe ,|¿Â�Ì�  uYÁZÅ|É  Y�]  ¦¸fz»É  ZÅ Äf�{É  �iY  �Y~³  ] �YÌ¾  »Ê  » Ã�ZmY Á {Á�Ê  Zf¿ |Å{ Ël    �iYZÅ Äf�{É 
Z¬»  ¦¸fz» ËÄ�  Á� Ä] Äf�]  .{Â� Ë {�°  �Z�  µ|»É  CML2    �Y�§Y  ¹�¿ �YSimapro   Y�]É  Y�� kY�zf�Y Ë\   Ã{Z¨f�Y  µZ»�¿

Ê»  {Â�]27Á34[  . �¨eÌ�  Zf¿ Ë l,  Á� �{ �yM Ä¸u�» Ë {�°  Äy�q Ê]ZË��Yd�Ë� É  LCA  Zf¿ ¹Z¼e .d�Y Ë l  Y �{ Ë¾   Ä¸u�»
���]Ê  �¨e ÁÌ� »Ê ZÅ ¶u ÃY� Á |¿Â�É ·Z¼fuYÊ » ÄWY�Y Ê Â�¿ .|  

2-5- �]ZÀ» Ê���]  
  ½Y�Z°¼Å Á ÊÀÌWÂ³)2009Ê¬Ì¬ve �{ (  Y�] É  ���]Ê    ,¹Z°vf�Y Ë®  Ä ·Z�»É   {�Â»  É�]  �{ {ÂmÂ» ÄfÌ�Ë�f°·Y ÉÁ�  

Z¬] ËZÉ  [Âq    Ze |¿{Y{ ¹Zn¿YiZeÌcY�  ZÅ [Zzf¿Y Á ZÅ ¶u ÃY�É  Y� ¦¸fz»   Äy�q ÉÁ�  d�Ë� ÉLCA  » ½Z�¿Ê  Å{À| .
Ä ·Z�»É    Z] ��¿ {�Â»·ÂeÌ|  d¸aZÅÉ  ]ÂqÊ  Z¬]) ËZÉ  ZÀ� Ë �  ([Âq    {Â] ÃY�¼ÅÄ¯    �{ Ë®  ¿ÌÃZ³Á�    ²À� µZ£�|Ì·Âe 

»Ê|�  .|¿|uYÁ  É{�°¸¼�  1  ¯ÌcYÁÂ¸    Ä� .d�Y ©�] d�Z�ÄÀË�³  Y�]  É½Z°»ZÅÉ  M�§ Ë|À  Ã�Â�À» |ÀqÉY  Á{ ,ÄÀË�³ 
Y�] {Â^¿ Á {Â] É ]Ì¿�ÂÌ®  2CO  �ZÆq Á  ÄÀË�³  Y�] É   �ze �Á�Ì�  |¿|� Ã{Y{½M .Ä¯ |Àf§�³ ÄnÌf¿ ZÅ  Y�]É  Y Ë¾   {�Â»

��§¾Ë|Àq Ê  Y{ {ÂmÁ �Á�  Z] Ä¯ {�ZÅ{�Y|¿Zf�Y  ZÅ ¶¼ ·Y�Âf�{ ÁÉ  ��Y Ë]ZÊ  LCA    Ê¸ §�Ìºf�  ZÅÉ  ��¿YÉ  � Ëf�  Ê
 §Z¯ Ã�Y|¿Y Ä]Ê Ã|�¿ d]Zi |¿Y  ]35.[ 

) ½Y�Z°¼Å Á ÊÀÌ]Á�q2009  �{ (Ä ·Z�»ÉY  Äy�q Ê]ZË��Y ÉÁ� �]d�Ë� É19  LCA  ÃÂÌ� �ZÆq  �¯�¼e Ê°Ë�eY�f�Y É
 .|¿{Â¼¿  Ä] ½Á|] Ä·Z]� ¾§{Ä] Z] Ä·Z]� ¾§{ ,�Z³ÂÌ] ©Y�fuY �Y É�Ì³�Z¯ Ä] �Z³ÂÌ] ©Y�fuY �Y É�Ì³�Z¯  ,©�] |Ì·Âe �Â�À»

Ê» Y|m ®Ì¿Z³�Y�Ì£ cZ ËZ� �Y Y� ®Ì¿Z³�Y cZ ËZ� Ä¯ É�Z� \e�» ÃZ´f�{|À¯  .Y Ë¾  Ã|ËYZÅ  ¯�e Á �Y|¬» �]Ì\  Ä·Z]� É 
  É�Æ��Y{�Æ�É  ¹Á�Y) Ë·ZfÌ ZÁ (  dve   { ËÃZ³|ZÅÉ  ¦¸fz»  Ä¸¼m �Y  ¿ZÆm cY�Z�f¿YÊ  ¸v» ÁÊZ�Z¬e ,É    Ê¸¯  ,{YÂ»¿ÌZÅ�ZÉ 

  Ê¸¯��¿YÉ    ÁcY�iY  �Â·Â¯Y Ë°Ê  ��YË]ZÊ  »Ê    |¿Â�½M ªÌ¬ve �Y ¶�Zu lËZf¿ . ÉZÅ�Æ� \¸£Y ÉY�] Ä¯ {Y{ ½Z�¿ ZÅ
ºf�Ì� ,ZaÁ�Y ±��]ÄÀË�³ ¾Ë�e|] �Y Ê°Ë ½YÂÀ� Ä] Ä·Z]� ¾§{ ÉZÅÉZÅ  Ä] Ä¯ d�Y |¿Z¼�a dË�Ë|» ¾f§�³ Ã|Ë{Z¿ ¶Ì·{

  Ze d�Y �{Z« d·Zu ¾Ë�fÆ] �{ Ä·Z]� d§ZË�Z]  ,½M �] ÃÁÔ� .d�Y É��¿Y  d§ZË�Z]15٪    �Æ� Ê§��» ©�] ½Y�Ì»¹Á�   Y�

 
13 - Ozone Layer Depletion 
14 - Marine Aquatic Ecotoxicity 
15 - Human Toxicity Potential 
16 - Fresh Water Aquatic Ecotoxicity 
17 - Photochemical Oxidation 
18 - Terrestrial Ecotoxicity Potential 
19- Life Cycle Assessment 
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|À¯ ¾Ì»Pe.  Äy�q  d�Ë� ÉLCA  �eY�f�Y �YÉ  ZÅÉ  Ä·Z]� �§{ ¦¸fz»  ÉY Ä�ËZ¬» |Àq �Á� �Y É�Ì³ Ã�Æ] Z]   Ã{Z¨f�Y
] |À¯ Ê»36 .[ 

) ½Y�Z°¼Å Á d·Â¯2011Äy�q Ê¬Ì¬ve �{ (  d�Ë� ÉLCA  ®^¸m �Y �Z³ÂÌ] |Ì·Âe  Ê���] Y� Ó�¸¯ ÉZÅ|¿{�¯  .
½M ªÌ¬ve �Y ¶�Zu lËZf¿  .{�Y{ ©�] ¥��» Z] ÉÂ« �Z^e�Y ½Zf» |Ì·Âe ��Âe Ã|� {ZnËY cY�iY Ä¯ {Y{ ½Z�¿ ZÅaÌ §��d  

  |ÀËM�§ �{» Y�Ê  Z] ½YÂe�Y  Ã{Z¨f�Y    �ÅZ¯  ½{Y{�Å ËÄÀ  ZÅ  Á   ËZ    Z]  �Y Ã{Z¨f�YY�Z¯ {Â^Æ]ÊË  ]Ê  �YÂÅ  ÉM�§ Ë|À   dve
Y�� Ë�  Ã|� µ�fÀ¯  .{�ÁM d�{ Ä]    |Ì·ÂeY Ë¾  ��¿YÉ� Ëf�Ê    Z]  |Ì·ÂeZ� Ë�  dyÂ�ÉZÅ  � Ë f�Ê  Ä]  c|�» d]Z«�Ê  |À¯ 

]37  .[  
) Ê¿Y{�» Á �§ ÉÂ¬e2015  �Ôe Ê¬Ì¬ve �{ ( �Y Ã{Z¨f�Y Z] Y� ¹|À³ µÂ�v» |Ì·Âe ÉY�] É��¿Y ¥��» Ze |¿{�¯

Äy�q {�°ËÁ�  d�Ë� ÉLCA  É��¿Y �Zv· �Y Ê]ZË��Y ¾ËY .|ÀÀ¯ ¶Ì¸ve Á ÄË�ne¶�Zu ,ÊmÁ�y Á É{Á�Á ÉZÅ ,É�Ìy
Ã{Z¨f�YÃ�Æ] ,�Â�z» É��¿Y ,É��¿Y �Y ÄÀÌÆ] ÉºÅ .|� ¹Zn¿Y �·Zy É��¿Y Á É��¿Y É�ÁÆ� ªÌ¬ve ¾ËY ,¾ÌÀqº  ÉZÅ

É��¿Y ¦¸fz»É��¿Y �]ZÀ» ,ºÌ¬f�» �Ì£ Á ºÌ¬f�» ÉZÅ ¶�Zu lËZf¿ .d§�³�] �{ ºÅ Y� �Ë~aZ¿ |Ë|ne Á �Ë~a |Ë|ne ÉZÅ
½M ªÌ¬ve  �Y�yZ� Êy�]  ZÅ¶�Zu ,|Ì·Âe  Ê¸¯  ���Y  |À¿Z»  É{Z�f«Y  ÉZÅÃ�Æ]  Á  É�Ìy  ½Y�Ì».{�¯ d^i  Y�  É�Á

���Y  Ê¸¯·ÂeÌ|   µ{Z »967.73  �Ó{]Y�] �Zf°Å � ÉÄ¬�À»É ���] {�Â»Ê Ä] ,|»M d�{·Zu �{Ê  Ä¯ ½Y�Ì»Ã�Æ]�Á É
3.22 ¯Ì¹�³Â¸ ]�Zf°Å � ] |� ¶�Zu38 .[ 

) ½Y�Z°¼Å Á ÁÁZq2015Äy�q cZ ·Z�» ½ZË�m Ä� ÉÁ� �] Ê¬Ì¬ve �{ (Ä] Ä¯ d�Ë� É Ê]ZË��Y ÉY�] ��°» �Â�
d�Ë� cY�ÌiPefyZ� �Z� Á dyZ� Ê�Ìv»Ê» ¹Zn¿Y ½Z¼ ,{Â�|¿{�¯ �¯�¼eÄ ·Z�» {�Â» ½ZË�m Ä� ., Äy�q Ê]ZË��Y É

  d�Ë�LCA Äy�q Ê]ZË��Y , É��¿Y d�Ë� É20  LCEA  Ê]ZË��Y Á  Äy�q¾]�¯ cY�Z�f¿Y d�Ë� É21 A2LCCO    Ä¯ |Àf�Å
ºÌ¼�e �{ É��¿Y ½ZË�m Ä� ¾ËY½Â¿Z« Á É�Ì³½M ªÌ¬ve �Y ¶�Zm lËZf¿ .|Àf�Å ºÆ» Á ¶Ìy{ É�Y~³ Ä¯ {Y{ ½Z�¿ ZÅ

 �]Y�] �{ ½ZË�m Ä� ¾ËY¥Y|ÅY ��Y Ë]ZÊ�Á� , Á ZÅ ËÄf§Z ZÅ|¿|� Ä�ËZ¬» ½Z�{Ây É Äq�³Y .½ZË�m Ä� ¾ËY ��Y �{Ë]Z Ê 
¥Y|ÅY lËZf¿ ,  Æ]Z�»Ê  |¿�Y{    Z»YiZeÌcY�  � Ëd�  v»Ì�Ê  Äy�q �{É  ½M ½Z¼fyZ�ZÅ cÁZ¨e  ZÅÊË  » ½Z�¿  Y�Ê  |ÀÅ{ .

Ä]Ê¸¯ �Â�,  �¯�¼e  ¸�YÊ  ��YË]ZÊ  ZÅ �Á� ÁÉ  {Z¨f�Y {�Â»Ã  �z�» ,Ã{�¯  Zf¿ Ä  ̄d�YË l  �Z³�Z� 0Ô»Z¯É  » Y�Ê   ½YÂe
�m Ä� �Y Ë½Z ]Ä {�ÁM d�{ ]39.[  

) ½Y�Z°¼Å Á �e�M2018  �Y ¶�Zu cZ¬f�» Ze |¿{�¯ �Ôe Ê¬Ì¬ve �{ (2CO  dyÂ� |À¿Z»  ÉZÅ{�]�Z¯ Á Ê¸Ì�§ ÉZÅ
ÄÀÌ»� �{ ½Md§��Ìa ¾Ë�yM ª]Z�» Y� É�Z�Á�Y{ É  Ê¼¸� ÉZÅ Äy�q {�°ËÁ� ªË�� �Y  d�Ë� ÉLCA   Ä ·Z�» Á Ê���]

½M .|ÀÀ¯ZÅ   �Ê   {�¯|¿  Ze   ¶»Z� �¿ZfaÌ¶    ÉY�] Y�  �ÅZ¯Za{�É  d�Ë� cY�iYv»Ì�Ê   �Y ¶�Zu lËZf¿ .|ÀÀ¯ Ê]ZË��Y
½M ªÌ¬ve  �] ÊÀf^» Ê¼Ì� ÉZm Ä] ½YÂe Ê» Ä¯ {Y{ ½Z�¿ ZÅ2CO ] {�¯ Ã{Z¨f�Y �^� Ê¼Ì� �Y40.[  

  Á ÊÀ�v») ½Y�Z°¼Å2018d�Ë� cY�iY Á É��¿Y ½ZË�m Ê¬Ì¬ve �{ (  {�°ËÁ� ªË�� �Y Y� �Â´¿Y |Ì·Âe ºf�Ì� Ê�Ìv»
Äy�q  d�Ë� ÉLCA    Y�  Ä ·Z�»|¿{�¯  .Y�] É  f�{Ì]ZÊ  Y Ä] Ë¾  ¯�e ,¥|ÅÌ^Ê  ��Y �Y Ë]ZÊ  Äy�qd�Ë� É  )LCA(   �ne Á Ë Ä 
¸ve ÁÌ¶   ��ÂaÊ    ZÅ Ã{Y{)DEA» ¹Zn¿Y (Ê   Y �{ .{Â� Ë¾    Ä ·Z�»58  Y ,­Y�Y ½Zf��Æ� �{ ½Zf�¯Ze Ë½Y�   Ê���] {�Â»

|Àf§�³ �Y�«��¿Y . É   {Á�ÁÉ  mÁ�y Á \Ìe�e Ä] Ê  33264.47  Z´»�µÁ  ]�Zf°Å �    Á  211715.80  Z´»�µÁ  ] �   Ä^�Zv» �Zf°Å
|�Zf¿ . Ë l  » ½Z�¿Ê    Ä  ̄|Å{41/22٪  ½Zf�¯Ze �YZÅÉ  Ä ·Z�» {�Â»  |»M�Z  ̄�Â� Ä]É   » �Z¯Ê  Æ] .|ÀÀ¯ÌÄÀ  �Z�É  Z]   Ã{Z¨f�Y

¬» Ä] d�³�Z] �Á� �YÌ�Z  ) d]Zi22CRS( Âm Ä§��ÊË  ½Y�Ì»  Ä]  3628.18  Z´»�µÁ  ]  �Zf°Å �)90/٪10Y� (   ¥��»  �{
 

20- Life Cycle Energy Assessment 
21- Life Cycle Carbon Emissions Assessment 
22 - Constant Returns to Scale 
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��¿YÊ» ½Z�¿ É|Å{  . Äy�q �Á� Á{ \Ì¯�e Ä¯ {Y{ ½Z�¿  d�Ë� ÉLCA   ZÅ Ã{Y{ Ê��Âa ¶Ì¸ve Á23  DEA    |¿YÂe Ê»
 �ÅZ¯ ,ÊeZÌ¸¼� �fÆ] ÊËM�Z¯ \mÂ» �»Y ¾ËY Ä¯ |ÀÅ{ �ÅZ¯ Y� É{Á�Á É��¿Y ¥��» Ze |À¯ |�Z¬f» Y� ½Y��ÁZ�¯

ÄÀË�Åd�Ë� cY�iY �ÅZ¯ Á ZÅ] {Â� Ê» �Â´¿Y |Ì·Âe |ÀËM�§ �{ Ê�Ìv»41 .[  
) ½Y�Z°¼Å Á Ê¸ ¿Zy2019d�Ë� cY�iY Á É��¿Y ¥��» Ze |¿{�¯ Ê � Ê¬Ì¬ve �{ (·Âe Ê�Ìv»  �Y Y� \Ì� [M |Ì

 Äy�q �] ÊÀf^» ÉZÅ{�°ËÁ� ¶Ì¸ve Á ÄË�ne ªË�� �Y Ê]�£ ½ZnËZ]�}M ½Zf�Y �{ Y� Ä¿Zy�Z¯ �{ É|À]  Äf�] Ze  ¡Z]  É
  d�Ë�LCA  ½M ªÌ¬ve �Y ¶�Zu lËZf¿ .|ÀÀ¯ Ê���]�Â�z» É��¿Y ¥��» ½Y�Ì» Ä¯ {Y{ ½Z�¿ ZÅ24  )SE [M |Ì·Âe (
  \Ì�33/28    .{Â] É��] �Å ÉY�Y Ä] µÁ�Z´»  �Â� Ä]ÊË�m�e   dyÂ�  µ�Ë{^� �Z³ ,Ì Ê    ÁÉ��]  ÉZÅ¸aÊ  eYÌ¾¸   cÓZf§�e

]Ì��e Ë¾ »� �{ Y� ºÆ�ÌÄÀ É¥��» ��¿YÉ  ÉY�]·ÂeÌ|  � [MÌ\  {�°ËÁ� �Y ¶�Zu lËZf¿ ª^� .|Àf�Y{LCA Äy�q ,  É
Ä¿Zz¸³ ÉZÅ�Z³ �Z�f¿Y Ä] �Â]�» d�Ë��» ÉY ,\Ì� [M |Ì·Âe �{ Ê§��» �]ZÀ» Ä] �Â]eq 2CO kg 83/1 Ä¯ d�Y   Ze|¼�

Ä]d�Y Ê Ì^� �Z³ Á µ�Ë{ dyÂ� ��Zy ]42 .[  
  ¾ÌÀr¼Å) ½Y�Z°¼Å Á É�{Z¿2020Ã|ÀËÓM �Z�f¿Y Á É��¿Y ¥��» dÌ �Á Ze |¿{�¯ Ê � Ê¬Ì¬ve �{ (d�Ë� ÉZÅ-

»  ªË�� �Y Y� Ê�Ìv25LCA   ¶�Zu lËZf¿ .|ÀÀ¯ ÊËZ�ZÀ� d�Y{�] ¶�§ �{ Y� ½M É�Y{�Z ¿̂Y Á \Ì� µÂ�v» |Ì·Âe ÉY�]
½M ªÌ¬ve �Y  ºÆ� Z] {Â¯ Á Ê·�Ë{ dyÂ� Ä¯ {Y{ ½Z�¿  ZÅ97%  Ã|ÀËÓM ¶¯ ¾Ì]  �Y  ºÆ» Á  �Z�u �Z¬¿ ½YÂÀ� Ä]  ZÅ

d�Ë�] |¿|� ÊËZ�ZÀ� \Ì� cZ£Z] �{ Ê�Ìv»43 .[ 
 
 
 
 
 
 
 
  
3-  hv] Á lËZf¿  
3-1- \Ì� |Ì·Âe É��¿Y ¶Ì¸ve Á ÄË�ne  
»Ì¿́ZÌ¾    É��¿Y {Á�ÁÉ  mÁ�y ÁÊ  Y�]É    Ä�  Z] ¡Z] Ã�Y|¿YÉZÅ    ¦¸fz»|� Ê���]  ��Âf»  .É��¿Y   {Á�ÁÉ  Y�]É  

·ÂeÌ|  �Ì\  116505    �] µÁ�Z´»·Zu �{ ,d�Y �Zf°ÅÊ   » Ä¯Ì´¿ZÌ¾  ��¿YÊmÁ�y É  83,883  ] µÁ�Z´».d�Y �Zf°Å �  �{  
Z»�M µÂ� Ë�  ,��¿Y �Y|¬»É  � ¾e �Å �{ Ã|� ¥��»Ì\   �]Ì�Z  ]Ì��e  Z»�M �Y ËcZ�   ̧^«Ê    {Â]]44Á45[Y . Ë ¾    �Â�Â»

»Ê·{ Ä] |¿YÂeÌ¶   � ¥��» Ë {Z  WÁ�Z³Ì¶  ¡Z] �{ZÅÉ  �Ì\  ���] {�Â»Ê  �À] .|�Z] Ë ¾    [Z�fuY Z]56%   Êf§ZË�{ É��¿Y ¶¯
±��] ½YÂÀ� Ä]�e Ë¾   {Á�ÁÉ  °�e Y� Ã|� ¥��»Ì¶  »Ê    Á |Å{yÂ� ºÆ� ½Y�Ì»  d { Ëµ�  98٪  d�Y  . ËY¾  �Â�Â»    Ä]

·{Ì¶  Ã{Z¨f�Y  É·ÂeÌ|  � ½Z³|ÀÀ¯Ì \  Ä¬�À» �{É  ZÅ `¼a �Y Ä ·Z�» {�Â»É   { Ë·�Ê   Ã{Z¨f�Y Z] .d�Y wÂ�À» Á |»M�Z¯Z¿
ZÅ `¼a �YÉ  � ,�e |»M�Z¯Ìºf�  ZÅÉ  ]MÌ�ZÉ  |Ë|m  ]M |À¿Z»Ì�ZÉ  ZÅ `¼a Á �Z�§ dveÉ  ]MÌ�ZÉ  ·Y�f° Ë°ÊZm Ä] , É 

ZÅ `¼aÉ   { Ë·�Ê  ,ZÅ ¶u ÃY� ½YÂÀ� Ä] d�Y ¾°¼»ÊË   Y�]É  Y ª^� .|¿Â� Äf§�³ ��¿ �{ dyÂ� ¥��» �ÅZ¯ Ë¾   ,Ä·Z¬»
 { dyÂ� Ëµ�  22%  Ì·Âe �{|  �Ì\    ½Y�Æe ½Zf�Y �{]44[   Á16%  �{  ½Zf�Y  Ì»Á�YÄ  ]45[  Äf�Y{ ºÆ�    .d�Y  �ZÌ³ZÆ¯ Ê�

 
23- Data Envelopment Analysis 
24- Specific Energy  
25- Life Cycle Assessment 
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) ½Y�Z°¼Å Á2015(  �ne ËÄ  ¸ve ÁÌ¶  ��¿YÉ    Y�·Âe {�Â» �{Ì |  �Ì\    �{ Ë½Z¿Â  ¹Zn¿Y  ¿{Y{|    dyÂ� Á É�ZÌ]M [M ½M �{ Ä¯
Ê¸Ì�§  e�e Ä]  \Ì]Z  39847    µÁ�Z´»]�Zf°Å �    Á38175    ,�Zf°Å �] µÁ�Z´» ½YÂÀ� Ä]�z]  ÉZÅ��¿Y ÄmÂe ¶]Z«É    É{Á�Á
Z�ZÀ�ÊË   {�¯|¿½Z¼Å .Y �{ Ä¯ �Â� Ë¾  ·Âe Ä¸u�» �{ ,d�Y Ã|� ��Y�³ Ä·Z¬»Ì|  �Ì\  dyÂ� ,Ê§��»    Ê¸Ì�§]Ì��eË ¾ 

��¿Y  ¶¯ �{ Y� ºÆ� É   §��»Ê    d�Y Äf�Y{]48  ,47 Á  49[ {Á�Á  �Y  ¶¬¿ Á  ¶¼u Á cZ§M �§{  ¹Â¼� . É  ZÅÉ  | ] É   Z]
]Ì��e Ë¾ ¬ve Ä¬�À» �{ ¥��»ÌeZ¬Ê e�e Ä] Ä¯ |Àf�ÅÌ\ 12% Á 11%  ¶¯ É��¿Y§��»Ê °�e Y�Ì¶ »Ê    .|ÀÅ{  {�Â» �{

� ¥��» ,cZ§M �§{ ¹Â¼�Ë{Z »Ê   |¿YÂe �Â]�»¸¼� Ä]ÌcZ º��ZaÊ fÀ�Ê ºÅ Á º¯ d«{ Z]ÀqÌ¾  {Z¿ ËÃ| �Âe ¾f§�³Ì Ä 
ZÅÉ   ��zf»¾Ì  ] Á cZ§M {�Â» �{Ì�Z¼É  ZÅÉ   �ËZ�  Ä¬�À» �{É  ºÅ Á Ä ·Z�» {�Â»ÀqÌ¾    {Y| e Á ½Z»�  cZ §{  \�ZÀ»Z¿

  ��Za�Z]ZÅÂ´·Y �Y Ã{Z¨f�Y .|É  Y�] \�ZÀ»É  � [Zzf¿Y�ÁZÅÉ  �Zb¼�Ê  »Ê  Zm |¿YÂe Ë�´Ë¾  ]ÂyÊ  Y�]É   ] �ÅZ¯Ê 
Á� ËÄÉ    Ã{Z¨f�Y {�Â» cZ§M �§{ ¹Â¼� ¶¯ .|�Z] cZ§M �§{ ¹Â¼� �Y Ã{Z¨f�Y]�ÉY  ·ÂeÌ|  �Ì\    �{ Ë½Z¿Â  7300   µÁ�Z´»

 �Zf°Å �]]46[ Á Z]�}M �{ Ë½Zn ]�£Ê 10130   �Zf°Å �] µÁ�Z´»]50[  {Â] .  
   »Ì´¿ZÌ¾  {�°¸¼�É Ä¬�À» �{É  Ä ·Z�» {�Â»34951 ¯Ì¹�³Â¸ ]·Zu �{ ,|� Ä^�Zv» �Zf°Å �Ê  ��Âf» {�°¸¼� Ä¯
20774  Ì¯¹�³Â¸  ]  �Zf°Å �ÉY�]    ��Y�³ ½Y�Æe ½Zf�Y  |�]44[Y . Ë¾  Ä�ËZ¬»  » ½Z�¿Ê    Ä¯ |Å{  {�°¸¼�·ÂeÌ|  �Ì\    �{
 ½Zf�YÊ]�£ ½ZnËZ]�}M Æ]�f .d�Y ½Y�Æe ½Zf�Y �Y  

   Zf¿ Ä] ÄmÂe Z] Ë l   Ë®  Z¬» ËÄ�  »Ì´¿ZÌ¾    Ä¯  ¾°¿Y{ �Á� �Y Ã{Z¨f�Y Z]|� ¹Zn¿YÀ » cÁZ¨e ,Ê  �Y{É  ��¿Y ¶¯ �{ É   {Á�ÁÉ 
]Ì¾  ¡Z]ZÅÉ    ��Âf»  Á  ®qÂ¯ {ÂmÁ   {�Y|¿  .Z»YÆmÂe  ¶]Z«  cÁZ¨e  ,Ê  ��¿Y  ¶¯  �{É   {Á�ÁÉ  ]Ì¾  ZÅ ¡Z]É   ±��]
)±��]  �Y �e5/1  ZÅ ¡Z] Á (�Zf°ÅÉ    ��Âf» Á ®qÂ¯ {ÂmÁ   {�Y{  .�Y  ��¿  »Z¬ ËÄ�  »Ì´¿ZÌ¾  ]Ì¾   {Á�ÁÉ  ] ,ZÅÌ��eË¾ 

¿ �{ cÁZ¨eÌÁ�É  ¿Z�¿YÊ  ]M [M ÁÌ�Z É  �Z» .|� Ã|ÅZ�» Ì¾  º� cÓM�ZaÊ {Â¯ ,   �ZaÉZÅ   �y�qÊ  f·Â¯ ÁÌZÅ�ÂeYÂ   �{
ZÅ ¡Z]É  ±��]  ¼¿ Ã{Z¨f�YÊ  .|¿Â�  �za  f�{Ê  ZÅ �¯ Ã��u Á {Â¯   ºÅ ÁÀqÌ¾  d§M d«{ ¹|�» h�Z] ZÅ �¯ Ê  

ZÅ ¡Z] Ä¯ {Â�É  ZÅ ¡Z] Ä] d^�¿ ±��]É   ��Âf»Á ®qÂ¯ É��¿Y  ]Ì��e  É ¥��»Ê» .|ÀÀ¯  
    Y�]É  ·ÂeÌ|  � Ì\    �{  �Æ�»Á�YÌÄ�yZ� ,  É��¿Y d^�¿  (ER)    �Y|¬»41/10  |»M d�|]  ]45[  �{ . Ë �Â�¯½Z¿Â  �Y|¬» 

Y Ë¾  �yZ�   Z] �]Y�]  9/0  ]46[  �{ ,  ½Zf�Y ½Y�Æe  �yZ� ¾ËY  �Y|¬»  16/1  ]44[    ,d�Y½Z¼Å  ,d�Y  t�YÁ Ä¯�Â�Zf¿ Ël 
É{ZË� cÁZ¨e ÉY�Y{ ¶�Zu  Zf¿ .|Àf�Å Ë l Zf¿ Z] ��Zu Ä ·Z�» Ë l ¸^« cZ ·Z�»Ê À » cÁZ ëÊ�Y{É »Á�Y .{�Y{ÌÄ Y �^À» Ë¾ 

�Ô�YcZ  .{Â]Ê»½YÂe ZÅ ¡Z]É  �Æ�¼�Ì¹� ½ZÆ¨�Y ½Zf�Y  �a cZ£Z] Ä] Y�  µÂ�v» �Æ�»Á�YÌÄ  Ä]Z�e .{Y{  
   �yZ�  Ã�Æ]É��¿Y É�Á  )EP  (  �Y|¬»32/0    µÁ�Z´» �] ¹�³Â¸Ì¯Y Ä] ,|� Ä^�Zv» Ë¾  À » Ê    Ä¯32/0  ¯Ì¹�³Â¸  �Ì\  

]¥��» ÉY�Y Ä    �ÅMJ  ��¿Y É  ·ÂeÌ|  »ÊºÅ .{Â�ÀqÌ¾�yZ� ,  �Â�z» É��¿Y  )SE(    �Y|¬»33/3   ¹�³Â¸Ì¯ �] µÁ�Z´»
» ½Z�¿ Ä¯ {Â]Ê |Å{33/3  µÁ�Z´»��¿YÉ Y�]É  ·ÂeÌ| 1 ¯Ì¹�³Â¸ �Ì\  ¿ {�Â»Ì�Z  .d�Y  

   Zf¿ Ë l  Z¬» ËÄ�É  »Ì´¿ZÌ¾  �yZ�ZÅÉ  ��¿YÉ  ]Ì¾  ¡Z]  Ä� Z]  ÊËZÅÃ�Y|¿Y É    ,¦¸fz»ÆmÂe  ¶]Z«  cÁZ¨eÊ  ]Ì¾    ¡Z]
ZÅÉ    ��Âf» Á ±��]Á  ®qÂ¯  ½Z�¿  ,{Y{  Z»Y  cÁZ¨e   ÊÀ »�Y{É  ]Ì¾  ZÅ ¡Z]É    ��Âf»Á  ®qÂ¯   {ÂmÁ  d�Y|¿ . ÉY�]  

¡Z]ZÅÉ  ��Âf» ,®qÂ¯Á  ,±��] É��¿Y d^�¿ �yZ�  )ER( e�e Ä]Ì\ 64/0 ,72/0  Á10/1 Ä^�Zv»  ½Z¼Å .|�  Ä¯ �Â�
» Ã|ÅZ�»Ê  ,{Â�  É��¿Y d^�¿ �yZ�  )ER(  Y�] É  ZÅ ¡Z] É  ] ±��]Ì� �e  » �YÌ´¿ZÌ¾   É��¿Y d^�¿ �yZ�  )ER (   Ä¬�À»É  

f¿ �{ .d�Y Ä ·Z�» {�Â»ÌÄnY�] ,É  Â¬e Ëd   É��¿Y d^�¿ �yZ�)ER(  ·Âe �{Ì|  �Ì\  ZÅ ¡Z] �{,  Z] Ë|  ZÅ ¡Z]É   ®qÂ¯
  ºÅZ]Y�] .|¿Â� ¹Z£{YÉ  Y�§Y Ë�  �Á Ã�Æ]É  ��¿YÉ  f¿ �{ Á ÌÄn  �Ìºf�  ZÅÉ  ·ÂeÌ|  Y~£ {YÂ»ÊË  �e�Ì¼e|» , Ë� Ëd   |»M�Z¯

��¿Y �]ZÀ»É ZÅ{Â¯ |À¿Z»É  ·MÊZÅ �Á� �Y Ã{Z¨f�Y Á [M �Y|¬» ,½Z»� ,É Â¿ Ë¾ ]MÌ�ZÉ �ÂeÌÄ »Ê Y �] ÃÁÔ� .{Â� Ë¾ ,
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aÌd§�� dyÂ�ZÅ É � Ëf�Ê ºÅ ÁÀqÌ¾ �Y|¿Y ÃY�É ·Âe ÁÌ | ZÅ�ÂeÂ»É  » Ä] �Â� Ä¿Z³|ÀqÌ½Y� ÆmÂe ¶]Z«Ê   �ÅZ¯ �{

³{Â·MÊ » ®¼¯Ê  .|À¯ 
 
  
3-2-  \Ì� É�Y{�Z^¿Y �{ É��¿Y ¶Ì¸ve Á ÄË�ne  
     �Z�Y �] ËÄf§Z  ��Âf»  ,ZÅÉ��¿Y   {Á�ÁÉ    \Ì� É�Y{�Z^¿Y �{Y�Y Ä]É    �Å1    ¾e15727    µÁ�Z´»  Z] .|� Ä^�Zv»

ZÅ µ{Z » �Y Ã{Z¨f�YÉ  ��¿Y É  Ä^ m  �Ì\^� �Z³ Á ©�] ,Ì Ê  e�e Ä] Ä¯Ì\  2/158    �] µÁ�Z´»  ,¹�³Â¸Ì¯93/11   µÁ�Z´»
  Á  cYÁÂ¸Ì¯ �]5/49  \ °»  �f»  �]  µÁ�Z´»   d�Y  ]22[  ,Ä^ m  �Ì \  ��¿Y Z] É   {Á�ÁÉ  7910  ¾e  �]  µÁ�Z´» ,    ½YÂÀ�  Ä]

]Ì��e Ë¾  ��¿Y Ã|ÀÀ¯ ¥��»É  Z¬» �{ ËÄ�  Z� Z] Ë�   {Á�ÁÉ  ZÅ  |� ÄfyZÀ�  )50٪  ¶¯  É��¿Y   {Á�ÁÉY�] .(É  �Y|Æ´¿É  1   ¾e
�Ì\    �{Ä¿Zy{��  �Y ,100  Ä^ m  10  ̄ÌÂ¸ÊË  » Ã{Z¨f�YÊ    �Å ½�Á Ä] ÄmÂe Z] Ä  ̄{Â�Ä^ m¸  ̄½�Á ,Ä^ m ÊZÅ  50  ̄Ì¹�³Â¸ 

¶�Zu »Ê  .{Â� Z]��¿Y ¾f§�³ ��¿ �{É Y�] ¹�ÓÉ ·ÂeÌ|  Ä^ m 1 ¯ÌÂ¸ÊË )158 (µÁ�Z´»Y , Ë¾  É��¿Y {Á�ÁÉ   ½YÂÀ� Ä]
 Ë®  ��¿Y  ¥��» �{ ÄmÂe ¶]Z« ¶»Z�É  M�§ �{ Ë|À    d�Y{�] �Y �a  \Ì�  �Y Ã{Z¨f�Y .|� ÄfyZÀ�Ä^ mZÅÉ  ®^� Z] �e

Y�§Y Ë� d»ÁZ¬», �Á�Ê  Y�]É  ��¿Y ¥��» ½|¿Z�� ¶«Y|u Ä]É Y Ë¾  {Á�ÁÉ .d�Y  
    {Á�Á Z]É  ��¿YÉ  7250  ¾e �]  µÁ�Z´»  �Y �a ©�] ,Ä^ m  )46%  ¶¯  É��¿Y   {Á�Á É»Á{ (Ì¾   {Á�ÁÉ   .{Â] ºÆ»

�Ìºf�  ZÅÉ  ZÀ�Á� Á Ã|ÀÀ¯ ®ÀyÊË  » Ã{Z¨f�Y ©�] �Y Á{ �ÅÊ  � .|ÀÀ¯Ìºf�  ZÅÉ  Ä¿Zy{��  ÉYZ] Ë|  ¼ÅY Ä] ÄmÂe Z]Ì d  
Y Ë¾   {Á�ÁÉY�] , É  Ã{Z¨f�YÉ Æ]ÌÄÀ  ��¿Y �YÉ  ·ÂeÌ|  f¿ �{ .|¿Â�ÌÄn�Y ,Ã{Z¨f  ZÅ dyÂ� �YÉ  � Ëf�Ê  |ne Ë|  ~a Ë�   ¾°¼»

ÆmÂe ¶]Z« �Â� Ä] Y� ©�] ¥��» d�YÊ  Y�]ZÀ] ,|Å{ �ÅZ¯ Ë¾  ��¿YÉ  ZÅ Ä^Àm ÁÉ   � Ëd�  v»Ì�Ê  É�Y{�Z^¿Y  �Ì\   Y�
 {Â^Æ] »Ê �z].| 

 
  
3-3-  �yZ� d�Ë� ÉZÅ \Ì� |Ì·Âe �{ Ê�Ìv»  
   ZÅ �yZ�É d�Ë�v»Ì�Ê ·Âe �{Ì| �Ì\ |� Ä^�Zv» |¿. Ã�¯ ½|� ¹�³ ¶Ì�¿Zfa¾Ì»� É )GWP( Ë°Ê ºÆ» �Y-

e� Ë¾  iPeÌcY�  �Ëd�v»Ì�Ê  .d�Y  Y �{ Ë¾  Ä ·Z�»Ã�¯ ½|� ¹�³ ¶Ì�¿Zfa ,¾Ì»� É  )GWP(  ÉY�Y Ä]  |uYÁ �Å  É{�°¸¼�  
)FU( 2 eqkg CO3008/53   .|� Ä^�Zv» Y Ë¾ Ä] �yZ�   ½Y�Ì»2 eqkg CO 957 q �{Ì¾ ,2 eqkg CO 612 �{ Y Ë·ZfÌZ ]16[   Ákg 

2 eqCO  641  Y{Z¿Z¯ �{  ]51[  Y Ã|� ��fÀ»|¿  ´¼Å Ä¯Ê   º¯�Y �e  Ã�¯ ½|� ¹�³ ¶Ì�¿Zfa¾Ì»� É  )GWP(   �{ Ã|� Ä^�Zv»
Y Ë¾  »Ä ·Z�  Y .d�Y Ë¾    �Â�Â»·{ Ä]Ì¶   { dyÂ� �Y Ã{�f�³ Ã{Z¨f�Y Ëµ�  ZÅ `¼a �{É  Y [M µZ¬f¿Yd�iPe ÃÁ�³ �{ .Ì�  

Ã�¯ ½|� ¹�³ ¶Ì�¿Zfa¾Ì»� É  )GWP( { dyÂ� ¥��» , Ëµ�  96%  �Y  ¶¯  �Z�f¿Y  Y�  Ì°�e¶  »Ê  |Å{  Ä] �nÀ» Ä¯   �Z�f¿Y
ÓM ËÃ|À ZÅÊË |À¿Z» O2N ،2CO  وXNO Ê».{Â�  

    dyÂ� { Ëµ�,  � ½Â¿Z¯ ½YÂÀ�  Ä] Ëd�,Ê�Ìv»  ]Ì��e Ë¾  »Ì½Y�  ¬f�»  �Z�f¿YÌº    {�Y{  Y�  Á83%    �yZ�  ¶Ì�¿Zfa
) É|Ì�YACP% ,(99   �yZ� �¿ZfaÌ¶  §Á�eÁYÌ�Z°Ì½Â )EUP% ,(95  �yZ�»Â¼�»Ìd  M Z][ �Ì� Ë¾ ) ZË�{ Ã�Ze ÁFAET (

% Á95    �yZ� �¿ZfaÌ¶   »Â¼�»Ìd  � Ëd�  v»Ì�Ê  »�ÌÀ) ÊTEP  (°�e Y�Ì¶  »Ê    .|Å{  �{Ä ·Z�» Á �Â¯�YÁ ��Âe Ä¯ ÉY
) ½Y�Z°¼Å2012  ,|� ¹Zn¿Y (¿Â»MÌÂ¹  (ܰܪସ

ା)   �¯Y ÁÌZÅ|É  ¿Ì½�Á�f  )xNO�Z¿ (Ê  Ã{Z¨f�Y �YÉ  ¿ {Â¯ÌcY�f  ZÅ ¡Z] �{ É  
�Â´¿Y  ¤f» ½YÂÀ�  Ä]ÌZÅ�É  ¸¯Ì|É  Y�]É  �yZ�  É|Ì�Y ¶Ì�¿Zfa  )ACP(  �Z¿ �Z�f¿Y  ÁÊ  ºÆ» �Y�e Ë¾   �yZ� �{  ��ZÀ�  
 �¿ZfaÌ¶   §Á�eÁYÌ�Z°Ì½Â  )EUP  (Z�ZÀ� ,|¿{Â]  �Zfa Á cZ¨�§ {Â¯ Ä¯ÊË  |¿|�  ]52[·Âe cY�Z�f¿Y ºÆ� .Ì|   ��Âe Ã|�
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 { dyÂ� Ëµ�  ÓZa �{ ËÃZ´�    ZÅ35%    Á55%  Ä ·Z�» �Z�Y �] .{Â] cY�Z�f¿Y ¶¯ �YYÉ    ,d�Y Ã|� ¹Zn¿Y Y{Z¿Z¯ �{ Ä¯ �{
É|À] Äf�{�ÅZ¯ ÉZÅ  Ó ËÄ  �YÁ  ½  )OD  Á (�ÅZ¯  ) Ã|¿� �Ì£AD  ,(  ºÆ�£ �Z�f¿YÌ�  ¬f�»Ìº   { dyÂ� Ëµ�   �Z�f¿Y ¶¯ �{ 

�yZ� �{ ÁÉZÅ  Ã�¯ ½|� ¹�³ ¶Ì�¿Zfa¾Ì»� É  )GWPÉ|Ì�Y ¶Ì�¿Zfa Á (  )ACP  (e�e Ä]Ì\  40%    Á20%    d�Y Ã|� d^i
]53[Y�]  . É  ZÅ �yZ�  ÉY �¯Ì�Y|Ì ½Â  �Âf§Ì¼ÌZ) ÊËPhO  ,(»Â¼�»Ì d  �{ [M Z] ËZ  )MAET  Á (�ÅZ¯  ) Ã|¿� �Ì£AD ,(

£ �Z�f¿YÌ�   ¬f�»Ìº  e�e Ä] {Â¯Ì\  75%  ,55%    Á38%  Ã|�  d�Y  .Fenvalerate    وAbamectin  Ã��u ZÅ �¯ÊË   �{ Ä¯ |¿{Â]
Ä¬�À»É  ¬veÌeZ¬Ê  ½M ºÆ� Á |¿|� Äf§�³ �Z¯ Ä]ZÅ �yZ� �{ ZÅ  É�ÅZ¯  ) Ã|¿� �Ì£AD,(   » ¶Ì�¿Zfa¼�Ì»Âd  ¿Z�¿Y Ê 

)HTP Á (»Â¼�»Ìd  �{ [M Z] ËZ )MAETº¯ ( �Y �e10%  {Â] . 
 
  

3-4-  �yZ� ¶Ì¸ve Á ÄË�ned�Ë� ÉZÅ \Ì� d�Y{�] �Y �a ÉZÅ|ÀËM�§ �{ Ê�Ìv»  
   ¸¼�ÌcZ  Y  �{ d�Y{�]  �Y �a Ë¾  � ¶¬¿  Á  ¶¼u ¶»Z� Ä ·Z�»Ì\|À] Äm�{ ,É  �Y|Æ´¿ ÁÉ    �{Ä¿Zy{��  .d�Y 

Ã�¯ ½|� ¹�³ ¶Ì�¿Zfa �yZ�¾Ì»� É  )GWP  (YË¾    Ä¸u�»2 eqkg CO  1/1  Z� Ä¼Å �{ .|� Ä^�Zv»�y  �m Ä] ZÅ   �yZ�
�ÅZ¯  Ó Ë Ä  �YÁ½  )OD(» ,Ì½Y�  ·ÂeÌ|  ZÅ�Z³É  Ä¿Zz¸³YÉ  ·Âe �YÌ|  ��¿YÉ  ³ �{Ì½ZÅZ    ÁÄ^ m  ]Ì��e Ë¾  iPeÌ�cY   � Ëd�-

»vÌ�Ê    Y� {�¯ s��»ZÅ �yZ� �{ .  É»Â¼�» Ìd  �{ [M Z] ËZ  )MAET(,  » ¶Ì�¿Zfa¼� Ì»Âd  ¿Z�¿YÊ  )HTP,(  »Â¼�»Ìd  Z]
M[  �Ì� Ë¾  ZË�{ Ã�Ze Á  )FAET  ,(É|Ì�Y ¶Ì�¿Zfa  )ACP  Á (Y �¯Ì�Y|Ì½Â  �Âf§Ì¼ÌZ) ÊËPhO  �{ (·ÂeÌ|    ©�]  Y�e�e Ä]Ì \ 

84%  ,82%  ,77%  ,73%    Á72%   �Y  ¶¯  cY�Z�f¿Y  Y�  Ì°�e¶  »Ê  Å{À  .|Ä^ mÉ    \Ì�ºÅÀqÌ¾    �{ ÄmÂe ¶]Z« {�Â» ½YÂÀ� Ä]
�yZ�ÉZÅ  �¿ZfaÌ¶  §Á�eÁYÌ�Z°Ì½Â )EUPÃ�¯ ½|� ¹�³ ¶Ì�¿Zfa ,(¾Ì»� É )GWP ,( �¿ZfaÌ¶ »Â¼�»Ìd � Ëd� v»Ì� Ê 

»�ÌÀ) ÊTEP  ,(�ÅZ¯  ) Ã|¿� �Ì£AD  ºÆ� Z] \Ìe�e Ä] (85 %  ,47%  ,47%    Á44%  |� ÄfyZÀ�|¿Y�� Ä] ÄmÂe Z] . Ë�   Á [M
YÂÅÊË    ½Zf�YÊ]�£ ½ZnËZ]�}M �¿Zfa ,Ì¶   � Ë {ZÉ  Y�]É  �Y|¿Y ÃY�É  ] ÁÄ³�Z¯Ì�É  �ÁZÀ§ÉZÅÉ  |m Ë|  ·ÂeÌ|  ��¿YÉ   {ÂmÁ

f¿ �{ .{�Y{ÌÄn »Ê ZÅ ¶Àa �Y ½YÂeÉ ��ÂyÌ|É  �]YÉ  »Pe Ì¾ ¿ {�Â» ©�]Ì�Z Ä¿Zy{��ZÅ  {�¯ Ã{Z¨f�Y . 
 
 
 
 
 
 
 
 
  
3-5-  �� {�ÁM�]Ë \  �Z� µZ»�¿ É  Ä¸u�» �Y É  ·Âe Ì|  �Ì\   Ä¸u�» Ze ¡Z] �{É  É�Y{�Z^¿Y  � Ì\    �{

 Ä¿Zy{��  
   Ê» ½Z�¿ lËZf¿  Ä¯ |Å{�yZ�ÉZÅ   �¿ZfaÌ¶   §Á�eÁYÌ�Z°Ì½Â  )EUP  Á (»Â¼�»Ìd  M Z][   �Ì� Ë¾  ZË�{ Ã�Ze Á  )FAET  (

]Ä  e�eÌ\    �Ë{Z¬» Z]  473 × 10ିଽ    Á137 ×  10ିଽ    ¾Ë�eÓZ]³{Â·M t��Ê  Ä¸u�» �{ Y�É    �{ \Ì� |Ì·Âe¡Z]  Y�  .|Àf�Y{ 
 ·Zu �{Ê  ¯�yZ� Ä  ÉZÅ»Â¼�»Ìd  �{ [M Z] ËZ  )MAETÉ|Ì�Y ¶Ì�¿Zfa Á (  )ACP  (e�e Ä] Ì\  Z]    �Ë{Z¬»× 10ିଽ  0.0802 

 Á×  10ିଽ 0.0121 �eÓZ] Ë¾ ³{Â·M t��Ê Ä¸u�» �{ Y�É .|Àf�Y{ d�Y{�] �Y �a   

1829



 

ملیسيزدهمين کنگره
و بيوسيستم مکانيک مهندسی

ايرانمکانيزاسيون
بيوسيستم  )١۴٠٠(مکانيک

 
 

   » �Z�f¿Y Ä¯ �Â�¿Z¼ÅÊ    ¥��» ,d§�  dyÂ� { Ëµ�  »Y{ {Â  ̄ÁÊ    ºÆ� Z]97%  ZÅ ½Â¿Z¯ ½YÂÀ� Ä]É  d�Ë�v»Ì�Ê 
ZÅ ¡Z] �{É  �Ì\   ÊËZ�ZÀ�|�|¿ ½YÂÀ� Ä] . Ë®  f¿ÌÄn ³Ì �ÉZf¿ , Ë l Zf¿ Z] ª]Z�» Ë l  ��Âe Ã|»M d�{ Ä] ]54[ ·Âe �{ Ì| 

´Æ¯ ½Zf�Y �{ �Â´¿YÌÂ¸ ËÄ   Â] Á Ë|¼uY�  ZÅ �yZ� �Z�Y�] {Â¯ .d�Y  ÉY �¯Ì�Y|Ì½Â  �Âf§Ì¼ÌZ) ÊËPhO  �Y|¬» Z] (68% ,
»Â¼�»Ì d  �{ [M Z] ËZ  )MAET  �Y|¬» Z] (52%  ,�ÅZ¯  ) Ã|¿� �Ì£AD  �Y|¬» Z] (50% ,»Â¼�»Ìd M Z][ �Ì� Ë¾  ZË�{ Ã�Ze Á 

)FAET  �Y|¬» Z] (43% » ¶Ì�¿Zfa Á¼�Ì»Â d  ¿Z�¿YÊ  )HTP  �Y|¬» Z] (42%    Ä]   ½YÂÀ�   ½Â¿Z¯  Ìv»�  �Ëf�Ê  M .|� ÄfyZÀ�½ ZÅ
ºÅÀqÌ¾  ¬f�» �Z�f¿Y Ä¯ |¿{Y{ ½Z�¿Ìº   {Á�Á É  Á Ä] ,ZÅ Ë Ã�  »Y{ {Â¯Ê» ,Ê  ] |¿YÂeÌ ��e Ë¾  �Å ËÄÀ  ZÅÉ  � Ëd�  v»Ì�Ê 

  �] Y�  �Z�YZÅ �yZ�É  Ã�¯ ½|� ¹�³ ¶Ì�¿Zfa¾Ì»� É   )GWP  ,( �¿ZfaÌ¶   §Á�eÁYÌ�Z°Ì½Â  )EUP  Á ( �¿ZfaÌ¶  »Â¼�»Ì d 
� Ëd�  v»Ì�Ê  »�ÌÀ) ÊTEP  �Ë{Z¬» Z] Y� (94%  ,85%    Á55%  ¼veÌ¶  Y .|À¯ Ë¾  ¿Y�´¿Ê  ZÅ É  � Ëd�v»Ì�Ê  y�]Ê  ÓM �Y Ë Ã|À  

¿ |À¿Z» ZÅÌcY�f ,�¨�§ ,3NH   وO2N  ̈ À» \«YÂ� d�Y ¾°¼»Ê .|�Z] Äf�Y{ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
4-  É�Ì³ ÄnÌf¿  
   Y �Y ¥|Å Ë¾  ���] Ä ·Z�»Ê  �m Ë½Z  ��¿YÉ  a ÁÌZÅ|»ZÉ  � Ëd�v»Ì�Ê  �Ì\  ¡Z] �YZÅ É »Á�Y �Æ�ÌÄ   Ä]Ä¿Zy{��-

ZÅÉ Z]�}M ½Zf�Y Ë½Zn ]�£Ê Y�] .{Â]É ¸¼�ÌcZ £Z]Ê ��¿Y ¶¯ ,d�Y{�] �Y �a Á É  {Á�ÁÉ e�e Ä]Ì \ 116505  µÁ�Z´»
  Á �Zf°Å �]157267    ¾e �]  µÁ�Z´»  .|� Ä^�Zv» ËÄf§Z  ¼ÅY ZÅÌd    Ä]  ®qÂ¯ cZ£Z] ¹Z£{Y�Â�À»    {Â^Æ]  d^�¿  �yZ�

É��¿Y  )ER(  v» �] d��{Z¿ Á |»M�Z¯Z¿ cZ§M �§{ ¹Â¼� Á {Â¯ �Y Ã{Z¨f�Y .{Y{ ½Z�¿ Y�Ì�  iPeÌ�  ¨À»Ê  »Ê  y�] .{�Y~³Ê  
 » �YÌZÅ�Z  » Y�Ê  Y�] ½YÂeÉ  � \«YÂ� �ÅZ¯Ëd�  v»Ì�ÊÃ{Z¨f�Y |À¿Z» ,É   «{Ìª  � cÓÂ�v» �YÌ¼ÌZÊËZ»�M , Ë�    ­Zy
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³ ÁÌÃZ Y�]É   eÌÌ¾ ¿Ì�Z q Á {Â¯�y� Y�] µÂ�v»É ZÅ Äy�q ½{�¯ {Á|v»É ¿Ì ½�Á�f  Y��ÂeÌÄ Y �] ÃÁÔ� .{�¯ Ë¾  ,
�  �Y Ã{Z¨f�YÌºf�  ZÅÉ  ¸ §Ê  º��ZaÊ  »Ê    �Y Ã{Z¨f�Y |¿YÂed�Ë��¯ZÅ  ¼ÅY Ä]  ÄmÂe Z]  .|Å{ �ÅZ¯ Y�Ìd    dyÂ�

 { Ëµ�  ·Âe �{Ì|  �Ì\  Y Á Ë¾   «YÁÌd    Ä¯  ÉY�]]MÌ�ZÉ  ÆmÂe ¶]Z« �Y|¬» �YÊ  WÁ�Z³Ì¶  » Ã{Z¨f�YÊ  À¯|ÀZ�» ¹Zn¿Y , cZ · 
 {�]�Z¯É  ZÅ �Á� {�Â» �{É  ]MÌ�ZÉ  )  É�ZÌ]M·Â¼ »  Á Ê¿ÌÄ¼  ¿Z°»ÌÃ�   dve Á  Y�] (�Z�§É   eÌÌ¾  �fÆ] Ë¾   ��¿ �Y �Á�

��¿Y ¥��»É    Á� \«YÂ� Ëd�v»Ì�Ê  »Ê    |¿YÂe|Ì¨»  |�Z].  y�]Ê  Y�§Y |À¿Z» {�YÂ» �Y Ë�   ¿ÌÁ�É  ¿Z�¿YÊyPe ,Ì�   ¹Zn¿Y �{
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Ä¿Zy{��v» Z] �Z³�Z� Ä¯ {Â� Ã{Z¨f�Y ZÅÌ� � Ëd� d�Y. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

منابع فهرست
[1] Rafiee, et al., 2010. Modeling and sensitivity analysis of energy inputs for apple production in Iran. Energy, 35, 

3301–3306. 
[2] Taki, et al., 2018a. Solar thermal simulation and applications in greenhouse. Inf. Process. Agric., 5, 83–113. 
[3] Khoshnevisan, et al., 2013. Prognostication of environmental indices in potato production using artificial neural 

networks. J. Clean. Prod., 52, 402–409. 
[4] Kaab, et al., 2019a. Combined life cycle assessment and artificial intelligence for prediction of output energy and 

environmental impacts of sugarcane production. Sci. Total Environ., 664, 1005–1019.  

1831



 

ملیسيزدهمين کنگره
و بيوسيستم مکانيک مهندسی

ايرانمکانيزاسيون
بيوسيستم  )١۴٠٠(مکانيک

 
 

[5] Tzilivakis, et al., 2005. An assessment of the energy inputs and greenhouse gas emissions in sugar beet (Beta 
vulgaris) production in the UK. Agric. Syst., 85, 101–119. 

[6] Taki, et al., 2018a. Solar thermal simulation and applications in greenhouse. Inf. Process. Agric., 5, 83–113.  
[7] Mostashari-Rad, et al., 2019. Energy optimization and greenhouse gas emissions mitigation for agricultural and 

horticultural systems in Northern Iran. Energy, 186, 115845. 
[8] Ferrari, et al., 2018. Effects of grape quality on the environmental profile of an Italian vineyard for Lambrusco 

red wine production. J. Clean. Prod., 172, 3760–3769. 
[9] Taki, M. and Yildizhan, H. (2018). Evaluation the sustainable energy applications for fruit and vegetable 

productions processes; case study: Greenhouse cucumber production. J. Clean. Prod., 199, 164–172. 
[10] Naderi, et al., (2020). Measuring the energy and environmental indices for apple (production and storage) by 

life cycle assessment (case study: Semirom county, Isfahan, Iran). Environmental and Sustainability Indicators, 6, 
100034. 

[11] Yepsen, et al., 2018. Life cycle assessment of conventional and organic apple production systems in China. J. 
Clean. Prod., 201, 156–168. 

[12] Taki, et al., 2018b. Assessment of energy consumption and modeling of output energy for wheat production by 
neural network (MLP and RBF) and Gaussian process regression (GPR) models. J. Clean. Prod., 172, 3028–3041. 

[13] Taghavifar, H. and Mardani, A. (2016). Prognaostication of energy consumption and greenhouse gas (GHG) 
emission analysis of apple production in West Azarbayjan of Iran using Artificial Neural Network. J. Clean. Prod., 87, 
1–9. 

[14] C. Kehagias, et al., 2015. Energy equilibrium and Carbon dioxide, Methane, and Nitrous oxide-emissions in 
organic, integrated and conventional apple orchards related to Natura 2000 site. J. Clean. Prod., 91, 89–95. 

[15] Khanali, et al., 2020. Energy flow modeling and life cycle assessment of apple juice production: 
Recommendations for renewable energies implementation and climate change mitigation. Journal of Cleaner 
Production, 246, 118997. 

[16] Longo, et al., 2016. Life Cycle Assessment of organic and conventional apple supply chains in the North of 
Italy. J. Clean. Prod., 56, 1–10. 

[17] Zhu, et al., 2018. Life cycle assessment of conventional and organic apple production systems in China. J. 
Clean. Prod., 201, 156–168. 

[18] Ardente, et al., 2006. POEMS: a case study of an Italian wine-producing firm. Environmental 
management, 38(3), 350-364. 

[19] Ghasemi-Mobtaker, et al., 2020. Application of life cycle analysis to assess environmental sustainability of 
wheat cultivation in the west of Iran. Energy, 193, 116768. 

[20] Yepsen, R., 1994. Apples. W.W. Norton & Co, New York, ISBN 0-393-03690-1, 1994. 
[21] Elzebroek, A.T.G. and Wind, K. (2008). Guide to Cultivated Plants. CAB International, Wallingford, ISBN 1-

84593-356-7, p. 27. 
[22] Kitani, O., 1999. Energy and Biomass Engineering, CIGR Handbook of Agricultural Engineering. ASAE 

Publications, St Joseph, MI, p. 351. 
[23] Khoshnevisan, et al., 2013. Prognostication of environmental indices in potato production using artificial neural 

networks. J. Clean. Prod. 52, 402–409.  
[24]  Hosseini-Fashami, et al., 2019. Energy-Life cycle assessment on applying solar technologies for greenhouse 

strawberry production. Renew. Sustain. Energy Rev. 116, 109411. 
[25] Rebitzer, et al., 2004. Life cycle assessment: Part 1: framework, goal and scope definition, inventory analysis, 

and applications. Environ. Int. 30, 701–720.  
[26] Shabanzadeh-Khoshrody, et al., 2016. Analytical investigation of the effects of dam construction on the 

productivity and efficiency of farmers. J. Clean. Prod. 135, 549–557. 
[27] Mousavi-Avval, et al., 2017. Combined application of life cycle assessment and adaptive neuro-fuzzy inference 

system for modeling energy and environmental emissions of oilseed production. Renew. Sustain. Energy Rev. 78, 807–
820. 

[28] Nabavi-Pelesaraei, et al., 2019. Life Cycle Assessment (LCA) approach to evaluate different waste management 
opportunities. In: Book: Advances in Waste-To-Energy Technologies, pp. 195–216. 

[29] IPCC, 2006. In: Eggleston, H.S., Buendia, L., Miwa, K., Ngara, T., Tanabe, K. (Eds.), IPCC Guidelines for 
National Greenhouse Gas Inventories, Prepared by the National Greenhouse Gas Inventories Programme. IGES, Tokyo, 
Japan. 

[30] Brentrup, et al., 2004. Environmental impact assessment of agricultural production systems using the life cycle 
assessment methodology: I. Theoretical concept of a LCA method tailored to crop production. Eur. J. Agron. 20, 247–
264.  

1832



 

ملیسيزدهمين کنگره
و بيوسيستم مکانيک مهندسی

ايرانمکانيزاسيون
بيوسيستم  )١۴٠٠(مکانيک

 
 

[31] Brasseur, G. and Granier, C. (1992). Mount Pinatubo aerosols, chlorofluorocarbons, and ozone depletion. 
Science 257, 1239–1242. 

[32] Nemecek, T. and Kagi, T., (2007). Life Cycle Inventories of Agricultural Production Systems. Ecoinvent report 
No. 15. Swiss Centre for Life Cycle Inventories, Dübendorf, CH. 

[33] Anonymous, 2003. PR_e Consultants. SimaPro 5 Database Manual. 
[34] Mostashari-Rad, et al., 2019. Energy optimization and greenhouse gas emissions mitigation for agricultural and 

horticultural systems in Northern Iran. Energy 186, 115845. 
[35] Guinée, J. B., Heijungs, R., & Van Der Voet, E. (2009). A greenhouse gas indicator for bioenergy: some 

theoretical issues with practical implications. The International Journal of Life Cycle Assessment, 14(4), 328-339. 
[36]. Cherubini, et al., 2009. Life cycle assessment (LCA) of waste management strategies: Landfilling, sorting plant 

and incineration. Energy, 34(12), 2116-2123. 
[37]. Collet, et al., 2011. Life-cycle assessment of microalgae culture coupled to biogas production. Bioresource 

technology, 102(1), 207-214. 
[38]. Taghavifar, H. and Mardani, A. (2015). Energy consumption analysis of wheat production in West Azarbayjan 

utilizing life cycle assessment (LCA). Renewable Energy, 74, 208-213. 
[39]. Chau, et al., 2015. A review on life cycle assessment, life cycle energy assessment and life cycle carbon 

emissions assessment on buildings. Applied energy, 143, 395-413. 
[40]. Artz, et al., 2018. Sustainable conversion of carbon dioxide: an integrated review of catalysis and life cycle 

assessment. Chemical reviews, 118(2), 434-504. 
[41]. Mohseni, et al., 2018. Coupled life cycle assessment and data envelopment analysis for mitigation of 

environmental impacts and enhancement of energy efficiency in grape production. Journal of cleaner production, 197, 
937-947. 

[42]. Khanali, et al., 2020. Energy flow modeling and life cycle assessment of apple juice production: 
Recommendations for renewable energies implementation and climate change mitigation. Journal of Cleaner 
Production, 246, 118997. 

[43]. Naderi, et al., 2020. Measuring the energy and environmental indices for apple (production and storage) by life 
cycle assessment (case study: Semirom county, Isfahan, Iran). Environmental and Sustainability Indicators, 6, 100034. 

[44] Rafiee, et al., 2010. Modeling and sensitivity analysis of energy inputs for apple production in Iran. Energy 35, 
3301–3306. 

[45] Taghavifar, H., Mardani, A., 2016. Prognaostication of energy consumption and greenhouse gas (GHG) 
emission analysis of apple production in West Azarbayjan of Iran using Artificial Neural Network. J. Clean. Prod. 87, 1–
9. 

[46] C. Kehagias, M., et al., 2015. Energy equilibrium and Carbon dioxide, Methane, and Nitrous oxide-emissions 
in organic, integrated and conventional apple orchards related to Natura 2000 site. J. Clean. Prod. 91, 89–95. 

[47] Strapatsa, et al., 2006. Energy flow for integrated apple production in Greece. Agric. Ecosyst. Environ. 116, 
176–180. 

[48] Akdemir, et al., 2012. An analysis of energy use and input costs for apple production in Turkey. J. Food Agric. 
Environ. 10 (2), 473–479. 

[49] Blanke, M. and Burdick, B. (2005). Food (miles) for thought-energy balance for locally-grown versus imported 
apple fruit (3 pp). Environ. Sci. Pollut. Res. 12, 125–127.  

[50] Khanali, et al., 2020. Energy Flow Modeling and Life Cycle Assessment of Apple Juice Production: 
Recommendations for Renewable Energies Implementation and Climate Change Mitigation. 

[51] Keyes, et al., 2015. Evaluating the environmental impacts of conventional and organic apple production in Nova 
Scotia, Canada, through life cycle assessment. J. Clean. Prod. 104, 40–51. 

[52] Vazquez-Rowe, et al., 2012. Joint life cycle assessment and data envelopment analysis of grape production for 
vinification in the Rías Baixas appellation (NW Spain). J. Clean. Prod. 27, 92–102. 

[53] Keyes, et al., 2015. Evaluating the environmental impacts of conventional and organic apple production in Nova 
Scotia, Canada, through life cycle assessment. J. Clean. Prod. 104, 40–51. 

[54] Elhami, et al., 2019. Energy and environmental indices through life cycle assessment of raisin production: a 
case study (Kohgiluyeh and Boyer-Ahmad Province, Iran). Renew. Energy 141, 507–515. 

  
     

1833



National Congress on Biosystems Engineering and Agricultural Mechanization th31 
Tehran, 15-17 September 2021 

 

Investigation of energy consumption in apple production based on LCA life 
cycle in West Azerbaijan province 

Hakim Alipour Journey*, Aref Mardani and Arash Mohebbi 
 

1. Biosystems Engineering Department, Urmia University, West Azarbaijan, Iran 
2.  Biosystems Engineering Department, Urmia University, West Azarbaijan, Iran 
3. Biosystems Engineering Department, Urmia University, West Azarbaijan, Iran

  

Abstract 

   Energy and environmental indicators testing is a common method for estimating sustainable 
production in various agricultural sectors. Considering the area under apple cultivation in Urmia city 
located in West Azerbaijan province, the purpose of this study is to investigate the situation of energy 
consumption and emission of environmental pollutants through the development of the life cycle for 
apple production and storage in the production season. It was collected through questionnaires and 
interviews with apple growers. Based on the results, the average total energy requirement and yield 
of the apple orchard were 116505 MJ / ha and 34951 kg / ha, respectively. For post-harvest operations, 
the average total input energy was estimated at 15,727 megajoules per ton. In the apple orchard, the 
share of fuel, pesticides, and transportation in the total input energy was 58%, 12%, and 11%, 
respectively, while in the post-harvest sector, the share of the apple box and electricity in the energy 
input was 50% and 46%, respectively. Evaluation of energy indices showed that the ratio of energy 
was 0.72 kg / mJ, energy efficiency was 0.3 kg / mJ, specific energy was 3.33 mJ / kg and added net 
energy was -3,621 MJ / ha. Based on the results obtained from the evaluation of the environmental 
effects of apples, the highest rate of normal pollution in the apple orchard is related to eutrophication 
and the effect of freshwater water poisoning with values of 473 × 10 -9 and 137 × 10 -9, respectively. 
While in post harvest operations, water toxicity and acidification effect with values of 0.0802 × 10-9 
and 0.0121 × 10 -9 had the highest values. According to the results, diesel fuel and fertilizer with a 
share of 97% of the total emissions produced are recognized as important environmental points in the 
apple orchard. 
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