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Purpose: Despite their achievements, the industrial parks have had a devastating effect on the 

environment and sometimes did not address social welfare issues. Therefore, it is necessary to improve 

their design based on the characteristics of sustainable development and ecological principles. One of the 

effective measures in this regard is Industrial Symbiosis (IS). It is a set of integrated plants aiming to 

exchange the waste of each plant as the raw material of another plant. Although several models have been 

presented for the optimization of water or energy exchange, one of the purposes of this research is to 

simultaneously exchange raw materials and waste in solid, liquid, and gas types. Considering the social 

characteristic of sustainable development is another necessity of this research that has been less 

discussed. Also, a significant portion of the waste needs to be recycled and cannot be exchanged directly 

between plants. Therefore, another purpose of this research is to increase the productivity of the model 

considering material flow between plants and recovery centres, which did not exist in previous models. 

 

Design/methodology/approach: In this research, a two-objective mixed-integer linear programming 

model is proposed considering the characteristics of sustainable development, which simultaneously 

enables the exchange of all raw materials and waste. Providing recyclable waste exchanges via recovery 

centres is another strength of the proposed model. The first objective is to minimize the economic costs 
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of the IS network, and the second objective is to maximize social welfare. The environmental 

characteristic is also controlled by model constraints. Finally, to validate the proposed model, it has been 

implemented in one of the industrial parks of Alborz province. Also, to solve the model, the ε-Constraint 

method has been used. 

 

Findings:  According to the model’s results, most of the plant's waste was replaced by the input raw 

materials of other plants, while before IS, all plant waste was disposed and all input materials were 

supplied through fresh materials. Therefore, the findings of the proposed model are as follows: 

- reducing the volume of disposed and useless plant waste and its costs; 

- reducing the volume of fresh input raw materials plants and its costs; 

- creating 23  job opportunities through the establishment of centres to recover; 

- compensating for lost working days due to the reduction of environmental pollutants to 

achieve the social characteristics of sustainable development; and 

- improving the characteristics of sustainable development in the industrial park compared to 

the time before IS.  

 

Research limitations/implications: This research, like other studies, has assumptions and limitations in 

model development. For example, the transmission path of all three types of material and waste was 

considered the same. The feasibility of situations trade-off and the use of waste of recovery centres was 

not studied. Also, the expectations of the park and the plants were considered in an integrated manner. 

Therefore, the following subjects are suggested to improve and develop the model in future studies: 

- design of IS network using bi-level models; 

- development of a model for the use of waste from the recovery centre; for example, methane 

gas or sludge treatment plant; 

- model development by considering seasonal plants through reliability inventory models and 

intermittent flows; 

- development of a model for locating and allocating unusable waste in the current network to 

the new plant; and 

- development of a model based on the different transmission paths for material and waste 

flow in solid, liquid, and gaseous according to the research assumption 3. 

 

Practical implications: One of the most significant applications of this paper is the simultaneous 

optimization of exchange material and waste in three types of solid, liquid, and gaseous in IS network to 

achieve the characteristics of sustainable development. Also, reducing the cost of input material and 

waste disposal compared to the time before IS are the economic advantages of this research. 

Social implications - One of the aims of this paper was to reduce the environmental and social impact of 

the industrial park to achieve the characteristics of sustainable development. For example, reducing the 

volume of fresh input raw materials and disposed waste plants and job creation were the environmental 

and social advantages of this study. 

 

Originality/value: The innovations of this research include the following: 

- simultaneous optimization of material and waste flow in three types: solid, liquid, and 

gaseous; 

- considering the social characteristic of sustainable development; and 

- considering the exchange between recovery centres and plants to use the waste in need of 

recovery. 

 

Keywords: Eco-industrial park, Industrial Symbiosis (IS), Sustainable development, Multi-objective 
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<� ����H�� �� �
��1 ���-
N- ���2  

: (�	��*�- _j�+� �-
<� ����H�� �� �
��2 ���-
N- ���2 

: (����*�- _j�+� �-
<� ����H�� �� �
��3 ���-
N- ���2 

:)*+1 H- )�@H�� �-
<� 4-�I9 E.�;��.�8� 8;��  \fF. Z�-W�- _	��

E	D� ��w.8� ��0�@ )-H-rM K�7�H�� Y*N 
N-�rwJ���  

:)*+2 H- )�@H�� �-
<� 4-�I9 E.�;��.�8� 8;��  \fF. Z�-W�- _	��

E	D� ��w.8� ��0�@ )-H-)R�,- K�7�H�� Y*N 
N-�  

:)*+3 H- )�@H�� �-
<� 4-�I9 E.�;��.�8� 8;��  \fF. Z�-W�- _	��

E	D� ��w.8� ��0
��9 
,��G� K�7�H�� Y*N 
N-��@ )-H- 

:!,���(max)   ����H�� �	��� �`0-
N�1 

:!,��	(max)  ����H�� �	��� �`0-
N�2 

:!,���(max)  ����H�� �	��� �`0-
N�3 

:!,���(min)   ����H�� $��%� �	��� _T-
N�1 

:!,��	(min)  ����H�� $��%� �	��� _T-
N�2  

:!,���(min)  ����H�� $��%� �	��� _T-
N�3  

:/�"�(01�)  8,�:��0 �9��: ��<��J �	b	0i  x�,�1 

:/�"	(01�) 0 8,�:��0 �9��: ��<��J �	b	i  x�,�2 

:/�"�(01�)  8,�:��0 �9��: ��<��J �	b	0i  x�,�3 

:/�"	(�2)  8,�:��0 8� )���� �-�� �	b	0 _T-
Nj  x�,�2 

:/�"�(�2)  8,�:��0 8� )���� �-�� �	b	0 _T-
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:/��"�(01�) H- �9��: �	b	0  ����H�� W0-���1  x�,�1 

:/�	"	(01�)  ����H�� W0-�� H- �9��: �	b	0�2  x�,�2 

:/��"�(01�)  ����H�� W0-�� H- �9��: �	b	0�3  x�,�3  

:!��"�  ��<��J 
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:���"� (34) ��	T�@ $���rM 
N-� �H���1 6	��� �� �
//0�1 

:��	"	 (34) ��	T�@ $����.� � �<	I5 )R�,- 
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//0�2 

:���"� (34) ��	T�@ $����.� �-
��9 
N-� S�-�3 6	��� �� �
//0�3 

:5"�(66) 8/�W@Z	� �	e;��@ 8���9 � 8	b7� ���b;.-w� ��<��J 
N-��1 

5"	(66) 8/�W@Z	� �	e;��@ 8���9 � 8	b7� ���b;.-w� ��<��J 
N-��2 

:5"�(66) 8/�W@Z	� �	e;��@ 8���9 � 8	b7� ���b;.-w� ��<��J 
N-��3 
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67(6�) 4-�I9 )�@H�� _0 �-
<� 4H��� �
� ����H�� ���2  

:851"� 
N ��<��J 
	��� H�*��1 ?��� ��  

:852"	 
N ��<��J 
	��� H�*��2 ?��� ��  

:853"� 
N H�*� ��<��J 
	����3 ?��� ��  

:831"� 
N�.� 8	��- �-�� K�7� H�*� S�-�1 ?��� ��  

:832"	 
N�.� 8	��- �-�� K�7� H�*�S�- �2 ?��� ��  

:833"� 
N�.� 8	��- �-�� K�7� H�*�S�- �3 ?��� �� 

:*�"�(in)  8,�:��0 )�J�^�j  8	��- ���� H-�1 

:*�"	(in)  8,�:��0 )�J�^�j  8	��- ���� H-�2 

:*�"�(in)  8,�:��0 )�J�^�j  8	��- ���� H-�3 

::� 8
2�� �`0-
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::	 8
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N S�^;,- )-�� H�*��2  

:W�"�(01�) ��<��J Y*N 8,�:��0 �9��:i  x�,�1 

:W�"	(01�) N��<��J Y* 8,�:��0 �9��:i  x�,�2 

:W�"�(01�) ��<��J Y*N 8,�:��0 �9��:i  x�,�3 

:/��"� (01�) 6	��� H- �9��: �	b	0 �
//0�1  x�,�1  

:/�	"	 (01�) 6	��� H- �9��: �	b	0 �
//0�2  x�,�2 

:/��"� (01�) 6	��� H- �9��: �	b	0/0 �
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:<1�"� 
N ��<��J K�7� H�*��1  8,�:��0 �z�7D� 
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:<2�"	 
N ��<��J K�7� H�*��2  8,�:��0 �z�7D� 
	�����j 

:<3�"� 
N ��<��J K�7� H�*��3 8,�:��0 �z�7D� 
	��� ��j 

: β ���� L��J����H�� W0-�� �� ��<��J _�
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:#���"� (34) �.� rM S�^;,- Y*N S�-�1  H-�1  8�j   

:#�	�"	 (34) �.� )R�,- S�^;,- Y*N S�-�2  H-�2  8�j   

:#���"� (34) �.� 
��9 S�^;,- Y*N S�-�3  H-�3  8�j   

:#��"�(?7)���b;.- �-�� S�^;,- Y*N �
*��1  H-i  8�j   

:#��"	(?7)���b;.- �-�� S�^;,- Y*N �
*��2  H-i  8�j   

:#��"�(?7)���b;.- �-�� S�^;,- Y*N �
*��3  H-i  8�j   

:#���"� (?') ��<��J S�^;,- Y*N ����H���1  H-i 8� �1  

:#��	"	 (?') ��<��J S�^;,- Y*N ����H���2  H-i 8� �2  

:#���"� (?') ��<��J S�^;,- Y*N ����H���3  H-i 8� �3  

:��	�"	 (34) �	e;��.� )R�,- S�^;,- �>- �)�/��� S�-�2  H-�2   8F�j  ���F2-

 ���%�1 �� ��	j�b2 ���7/�-  

:����"� (34) �	e;��.� 
��9 S�^;,- �>- �)�/��� S�-�3  H-�3   8F�j  ���F2-

 ���%�1 �� ��	j�b2 ���7/�-  

:����"� (?') �	e;� ����H�� �-�� S�^;,- �>- �)�/����1  H-�1  8�j ���2���%� 1 

�� ��	j�b2 ���7/�-  

:��	�"	 (?') �	e;� ����H�� �-�� S�^;,- �>- �)�/����2  H-�2  8�j ���2 ���%�1 
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N- ���>1 �� ��	j�b2 ���7/�-  
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:���"�(?7) �	e;����b;.- �-�� S�^;,- �>- �)�/��� �
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1 �� ��	j�b2 ���7/�-  

:��%�"�(66) �	e;� ���b;.-w� ��<��J S�^;,- �>- �)�/����1  H-i  8��1 ���2-

 ���%�1 �� ��	j�b2 ���7/�-  
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 ���%�1 �� ��b2 ���7/�- �	j  
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���2 ���%�1 �� ��	j�b2 ���7/�- 

:$A! ?��� 1��/2 �-�� 6	��� � 83I� )-�9- _0 8/�W@  
  

H.� G�-+,  

)6(  B�2 $A! = $!DEF%G H�F�IFEJ + $!L%MNO%NMG+$!LN��JP �E%GM�EJF + $!QGR�OJG+ $!S�GME%�IT +  $!U���TV ETH %METFWGM 
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$!U���TV ETH %METFWGM = 
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^
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^
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+ X X X ��	� × #�	�"	 (?') ×  !Z	[
�\�

Z	
"	\�

U	
�	\� + X X X ���� × #���"� (?') ×  !Z�[

�\�
"�

"�\�
U�

��\�  

 

+ X X X ��%	 × #�%	"	(66) ×  !Z	_	
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"	
"	\�

^
�\� + X X X ��%� × #�%�"�(66) ×  !Z�_�

%�\�
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"�\�
^
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)8(  

  
$!L%MNO%NMG = X X X @��

U�
��\�

U	
�	\�

`�
��\� × &'�� + @�	 × &'�	 + @�� × &'�� 

)9(  

  

  

$!DEF%G H�F�IFEJ
= X X X #�%�"�(66)_�

%� × 5"�(66)^
�

Z�
"�

+ X X X #�%	"	(66)_	
%	 × 5"	(66)^

�
Z	
"	

+ X X X #�%�"�(66)_�
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�   Z�
"�  

)10(  

  

$!LN��JP  �E%GM�EJF = ∑ ∑ ∑ #��b"� (34) × ���"� (34)[� + ∑ ∑ ∑ #�	b"	 (34) ×�̂Z	"	]	�	Z�"�]�����	"	 (34) + ∑ ∑ ∑ #��b"� (34) × ���"� (34)�̂Z�"�]���  
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"�\�

^
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^
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^
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"�\�
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��\�
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^
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^
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^
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^
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•  ����H�� H- �9��: Y*N H-�� ����
D��1 ��2  ��3  |��f�) E�-��20 (�� )22(  

)20(  X X #���"� (?')Z�
"�

[
� ≤ β × X X #���"� (?')  ∀�1ij

kj
l
m  

)21( X X #�	�"	 (?')Z	
"	

[
� ≤ β × X X #��	"	 (?')  ∀�2in

kn
l
m  

)22( X X #���"� (?')Z�
"�

[
� ≤ β × X X #���"� (?')  ∀�3io

ko
l
m  

•  ����H�� W0-�� �	��� ����
D��1 ��2  ��3 �-�� |��f�) E23 (�� )25.(  

)23(  X X #���"� (?') ≤Z�
"�

^
� !,���(max) × @��  ∀�1 

)24( X X #��	"	 (?') ≤Z	
"	

^
� !,��	(max) × @�	  ∀�2 

)25( X X #���"� (?') ≤Z�
"�

^
� !,���(max) × @��  ∀�3 

• �z�^;,- 4���9 ��9 � Y*N S�;/0 ����
D� �f�) E�-�� |�26 (�� )55.( 

 

)26(  
!,���(min) × ����"� (?') ≤ #���"� (?') ≤ !,���(max) × ����"� (?')    ∀�, �1, �1 

  

)27( !,��	(min) × ���	"	 (?') ≤ #��	"	 (?') ≤ !,��	(max) × ���	"	 (?')    ∀�, �2, �2 
  

)28( !,���(min) × ����"� (?') ≤ #���"� (?') ≤ !,���(max) × ����"� (?')    ∀�, �3, �3 
  

)29(  ����"� (?') ≤ @��    ∀�, �1, �1 

)30(  ���	"	 (?') ≤ @�	    ∀�, �2, �2 

)31(  ����"� (?') ≤ @��    ∀�, �3, �3 

)32(  #��"�(?7) ≤ *�"�(�2) × ���"�(?7)    ∀�, �, �1 

 

)33(  #��"	(?7) ≤ *�"	(�2) × ���"	(?7)    ∀�, �, �2 
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)34(  #��"�(?7) ≤ *�"�(�2) × ���"�(?7)    ∀�, �, �3 

 

)35(  ���"�(?7)  ≤ #��"�(?7)    ∀�, �, �1 

 

)36(  ���"	(?7)  ≤ #��"	(?7)    ∀�, �, �2 

 

)37(  ���"�(?7)  ≤ #��"�(?7)    ∀�, �, �3 

 

)38(  #���"� (?') ≤ *�"�(�2) × ����"� (?')    ∀�1, �, �1 

 

)39(  #�	�"	 (?') ≤ *�"	(�2) × ��	�"	 (?')    ∀�2, �, �2 

 

)40(  #���"� (?') ≤ *�"�(�2) × ����"� (?')    ∀�3, �, �3 

)41(  ����"� (?') ≤ #���"� (?')    ∀�1, �, �1 

 

)42(  ��	�"	 (?') ≤ #�	�"	 (?')    ∀�2, �, �2 

)43(  ����"� (?') ≤ #���"� (?')    ∀�3, �, �3 

 

)44(  #�%�"�(66) ≤ 851"� × ��%�"�(66)   ∀�1, �, �1 

 

)45(  #�%	"	(66) ≤ 852"	 × ��%	"	(66)  ∀�2, �, �2 

 

)46(  #�%�"�(66) ≤ 853"� × ��%�"�(66)   ∀�3, �, �3 

 

)47(  ��%�"�(66) ≤ #�%�"�(66)   ∀�1, �, �1 

 

)48(  ��%	"	(66) ≤ #�%	"	(66)   ∀�2, �, �2 

 

)49(  ��%�"�(66) ≤ #�%�"�(66)    ∀�3, �, �3 

 

)50(  #���"� (34) ≤ *�"�(�2) × ����"� (34)   ∀�1, �, �1 

 

)51(  #�	�"	 (34) ≤ *�"	(�2) × ��	�"	 (34)   ∀�2, �, �2 

 

)52(  #���"� (34) ≤ *�"�(�2) × ����"� (34)   ∀�3, �, �3 

)53(  ����"� (34) ≤ #���"� (34)     ∀�1, �, �1 

)54(  ��	�"	 (34) ≤ #�	�"	 (34)     ∀�2, �, �2 

)55(  ����"� (34) ≤ #���"� (34)     ∀�3, �, �3 
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•  8,�:��0 Q� Pf�-� 1/� ����
D��� �f� $��:) E�-�� |�56 (�� )58(  X���� ��� u�.-��2.  

)56(  ���"�(?7) = 0    ∀� = �, �1 

  

)57( ���"	(?7) = 0    ∀� = �, �2 

  

)58( ���"�(?7) = 0    ∀� = �, �3 

  

•  P
2�� 6��;+	� ����
D� H�*�  ��S�^;,- ���N  )R�,- � rM8� �
� H- )�	>�
9 ��-�N �  �+,  �
F/�zM 

 80 �	G� ���� ) E�-��59 (�� )64(  8]-�-�
�  �.- .u�.-��   ����
FD� 6F�-      �F� 8F,�:��0 �� 6	F� S�F7�- 4�F3�- �

 ����H�� W0-�� �� 8,�:��0�� ���2 ��,M P
2�� 80 �.- �G	� �)��G� �� �;�0 �`0-
N H�*� :�  �:	  .
���  

 

)59(  p(��� − :�r × ���"�(?7)] ≤ 0     ∀�, �, �1 

  

)60( p(��� − :	r × ���"	(?7)] ≤ 0     ∀�, �, �2 

  

)61( p(���� − :�r × ����"� (?')] ≤ 0     ∀�, �1, �1 

  

)62(  p(���	 − :	r × ���	"	 (?')] ≤ 0     ∀�, �2, �2 

 

)63(  p(���� − :�r × ����"� (?')] ≤ 0     ∀�, �1, �1 

 

)64(  p(��	� − :	r × ��	�"	 (?')] ≤ 0     ∀�, �2, �2 

 

  

•  P
2�� 6��;+	� ����
D� H�*�  ��S�^;,- ���N  )R�,- � rM8� �
� H- )�	>�
9 ��-�N �  �+,  �
F/�zM 

 80 �	G� ���� ) E�-��59 (�� )64 8]-�- (�
�  �.- .u�.-��   ����
FD� 6F�-     F� 8F,�:��0 �� 6	F� S�F7�- 4�F3�- � �

 ����H�� W0-�� �� 8,�:��0�� ���2 ��,M P
2�� 80 �.- �G	� �)��G� �� �;�0 �`0-
N H�*� :�  �:	  .
���  

:8;3,)  ��� ��I, ���2 ��3 p�
,- �8
2�� �;�-��� )-�� ��� aHz �k1 �k2  �k3 �� 8;��> �k, �� .(
�  

 

• ��
D��� H-�� �J���<  9��:� 8,�:��0 H-  �@u�.-�� -��E� )65 (�� )67.( 

)65(  W�"�(01�) ≥ sX #�b"�(?7)[
�\� + X #�t�"� (?')U�

��\� + X #�u�"�(66)_�
%�\� v ∀���1 

)66( W�"	(01�) ≥ sX #�b"	(?7)[
�\� + X #�t	"	 (?')U	

�	\� + X #�u	"	(66)_	
%	\� v ∀���2 

)67( W�"�(01�) ≥ sX #�b"�(?7)[
�\� + X #�t�"� (?')U�

��\� + X #�u�"�(66)_�
%�\� v ∀���3 
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•  ����
D��C� 6	  �	b	0���� , H�	�@  8,�:��0E�-�� u�.-�� )68 (�� )76.(  

)68(  /�"�(�2) × ���"�(?7) ≤ /�"�(01�)    ∀�, �, �1 

)69( /�"	(�2) × ��b"	(?7) ≤ /�"	(01�)    ∀�, �, �2 

  

)70( /�"�(�2) × ���"�(?7) ≤ /�"�(01�)    ∀�, �, �3 

  

)71(  /�"�(�2) × ����"� (?') ≤ /��"�(01�)   ∀�1, �, �1 

 

)72(  /�"	(�2) × ��	b"	 (?') ≤ /�	"	(01�)    ∀�2, �, �2 

 

)73(  /�"�(�2) × ���b"� (?') ≤ /��"�(01�)    ∀�3, �, �3 

 

)74(  /�"�(�2) × ����"� (34) ≤ /��"� (01�)  ∀�1, �, �1 

 

)75(  /�"	(�2) × �w	b"	 (34) ≤ /�	"	 (01�)   ∀�2, �, �2 

 

)76(  /�"	(�2) × ���b"� (34) ≤ /��"� (01�)   ∀�3, �, �3 

 

)8;3, : ��� �>-4  ��- �-
^� ��� aHz ���I, 8� �b	0 8� ���G� 
N-� �@ )-H- _2�N ���2 r�J ���FG�  ��

 ��-) �;�� .(��� �G0 ����
D� �.-� ��. H- �(�	b	0 

•  ����
D��C� )�J�^� 6	8,�:��0 �@ u�.-�� ) E�-��77 (�� )79.(  

)77(  *�"�(�2) ≤ X #�b"�(?7)^
�\� + X #��b"� (?') + X #���"� (34)]�

��\�  ∀�, �1U�
��\�  

 

)78(   

  

)79( 

*�"	(�2) ≤ X #�b"	(?7)^
�\� + X #�	b"	 (?')U	

�	\� + X #�	�"	 (34)]	
�	\�  ∀�, �2 

 *�"�(�2) ≤ X #�b"�(?7)^
�\� + X #���"� (?')U�

�\�
+ X #��b"� (34)]�

��\�  ∀�, �3 
  

T�� ���2 �� :8;3,)������ )�J�^� 6	�C� )-�� 4�/	�5- )��9�� 
��� �Q� ��� 4
+,�-�    8F� _F7;� 4�>
//0

8,�:��0  )�@ .(��� 6	�C� �9��: �		e� �� _	f<� S�7� �� ��,M H�	, �� ��� 8;��> �k, �� �
7� 

•  ����
D�
N H�*� � ��<��J K�7� 
	��� �u�.-�� )80 (�� )82( 

)80 (  X #�b"�(?7) +^
�\� X #��b"� (?') U

��\� ≤ <1�"� × *�"�(�2)     ∀�, �1 
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)81(  X #��"	(?7) +^
�\� X #�	b"	 (?') U

�	\� ≤ <2�"	 × *�"	(�2)      ∀�, �2 

 

)82  (  X #�b"�(?7) +^
�\� X #��b"� (?') ≤ <3�"� × *�"�(�2)      ∀�, �3 U

��\�  

 

•  S
� ����� ����
D��� ) E�-��83 (�� )117( 

 

)84(  ����"� (34) ∈ {0,1}      ∀�, �1, �1 )83(  #���"� (34) ≥ 0      ∀�, �1, �1 

)86(  ��	�"	 (34) ∈ {0,1}      ∀�, �2, �2 )85(  #�	�"	 (34) ≥ 0      ∀�, �2, �2 

)88(  ����"� (34) ∈ {0,1}      ∀�, �3, �3 )87(  #���"� (34) ≥ 0      ∀�, �3, �3 

)90(  ����"� (?') ∈ {0,1}      ∀�, �1, �1 )89(  #���"� (?') ≥ 0      ∀�, �1, �1 

)92(  ��	�"	 (?') ∈ {0,1}      ∀�, �2, �2 )91(  #�	�"	 (?') ≥ 0      ∀�, �2, �2 

)94(  ����"� (?') ∈ {0,1}      ∀�, �3, �3 )93(  #���"� (?') ≥ 0      ∀�, �3, �3 

)96(  ���"�(?7) ∈ {0,1}      ∀�, �, �1 )95(  #��"�(?7) ≥ 0      ∀�, �, �1 

)98(  ���"	(?7) ∈ {0,1}     ∀�, �, �2 )97(  #��"	(?7) ≥ 0      ∀�, �, �2 

)100(  ���"�(?7) ∈ {0,1}      ∀�, �, �3 )99(  #��"�(?7) ≥ 0      ∀�, �, �3 

)102(  ��%�"�(66) ∈ {0,1}     ∀�1, �, �1 )101(  #�%�"�(66) ≥ 0      ∀�1, �, �1 

)104(  ��%	"	(66) ∈ {0,1}     ∀�2, �, �2 )103(  #�%	"	(66) ≥ 0      ∀�2, �, �2 

)106(  ��%�"�(66) ∈ {0,1}     ∀�3, �, �3 )105(  #�%�"�(66) ≥ 0      ∀�3, �, �3 

)108(  ����"� (?') ∈ {0,1}      ∀�1, �, �1 )107(  #���"� (?') ≥ 0      ∀�1, �, �1 

)110(  ���	"	 (?') ∈ {0,1}      ∀�2, �, �2 )109(  #��	"	 (?') ≥ 0      ∀�2, �, �2 

)112(  ����"� (?') ∈ {0,1}      ∀�3, �, �3 )111(  #���"� (?') ≥ 0      ∀�3, �, �3 

)114(  @�� ∈ {0,1} )113(  $A! ≥ 0 

)116(  @�	 ∈ {0,1} )115(  �) ≥ 0 

)117(  @�� ∈ {0,1}    
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4- �"#�!�= 	�
�T
  

� �*/.��I;�- u�.-�S
�  � )-�� )���/+	 ����	  4M )H�.��       �
F� a-
FT- H�FI�- 4�;F.- �� ��F�M�k, �;</2 ?���

 �.- ��-%j �?��� 1��/2 �;+	� .�.-)�=�� 1��/2 � 8
�9H- ��-�    WF	, )W��
F. � ���	�	F� �)H�. ��F9� ��-� .

 �</2 �b@8� 4-�/�  ��,M �.��� 80 �.- �
� 8;��> �k, �� )���M P,��,8�   �-�F�@  
F,-p�   )�F@i  �j   S�
F9 ��

X���� 3 �
�M �.-. )H���+0 ZA� ��-� � W	, ?��� ���*� 8� K�7� H- �3� 4-�/� �
//0   �;</F2 ��<��FJ )�@ 

 8<��f� 6�- ���> �k, ���
� 8;�  �.-.  

 I�.C3 - G���  F�#�) �"!+
 ��
�T
 !" U'��
  

(��<��J 
7^�)j )�
I� (��<��Ji �</2 

1  1  6;�  � .	4�� 

2  2 ,	��>��  
D�� 

3  3 0	Q  � �w3� 

4  4 ��	/I� 

5  5 ��,	,
 � �-�H�> 

6  6 9�G,�  � H�=,�) 

7  H���+0 ) � a-� 

  

 v�f.8;��>�k,�� X
� Q� �@  H-�z�N  S�
9 �� 
��9 � )R�,- �rM X����4 \��+� �
�  �.-  . 

  
 I�.C4 - �"!+
 ��
�T
 "!+
 G���  �C�#0 � �"�!� ���P�= V+T�  

�1 

v�f.  
M rwJ��/r

350 -400  

MrwJ��/r  

300 -350  

 rwJ��/rM

250 -300  

 rwJ��/rM

200 -250  
      

p�
,-  1  2  3  4        

�2 

v�f.  ��A� a�>  
�) G0-	
 

6��0  
4R��;	,          

p�
,-  1  2  3          

�3 
v�f.  
,��G� /�	�  rM /�	�  uw�  8����	�:  u�/��  Q	;.w�  8g���  

p�
,-  1  2  3  4  5  6  7  

 

 �-
<��@  H- Q��C�6	  4�>
//0�-�� ��- P	�.�  S�- 8<��f� 6�- �� �4�3� ��    WF0-�� �-
F<� � ?��� H- ���: ��

 ?��� _:-� 4�3� �� W	, ����H�� X�^����� �k, 8;��> �
�  �.- W	, 4�3� Q� .8� 4-�/�  �z�N H- Q� �@ 1�� W0��

 y�D� �9��: ��<��J�
�  �.- E.�;� .Y*N  �J�^� ��J ��<�  ��9��: v�fF.  0  �F	b	 �F�,M   1��/F2 �� ���F� 

S�
9 �� 8<��f� X���� )�@ 5 �� 7 X���� S�
9 �� _2-�� �8  X���� S�
9 �� �@�;�-��� ���. �9 ��-� 4�+,  �
F� 

 �.-  . 
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 I�.C5 - �B��, F�P�= � R/L �  F
�L �C�#0 A����BXY XKB�)� 

�1 )����  1  1        3  4  

�1 �9��:  4  3  4  3  1  1  4    

            �</2  

 Y*N0 ��	b	  
1  2  3  4  5  6  7  

Y*N  �J�^� )kg/year(  800  900        600  120  

0 �	b	  �J�^�  355  400        310  290  

Y*N  �J) ��<�kg/year(  200  600  250  280  300  1800  600    

0 �	b	 ��<��J  210  280  250  255  205  410  200    

  

 I�.C6 - �B��, F�P�= � R/L � �;#%- F
�L �C�#0 A����B  
�2 )����  1    2  3    2      

�2 �9��:  2  1  3  1  2  3  2      

�</2  

 Y*N0 ��	b	  
1  2  3  4  5  6  7  

Y*N  �J�^� )kg/year(  100    100  60    5/127      

0�	b	  �J�^�  386    60  70    60      

Y*N  �J) ��<�kg/year(  100  120  75  40  40  25  85      

0 �	b	 ��<��J  60  390  75  370  50  60  71      

  
 I�.C7 -  R/L� F�P�= �B��, � A����B  �C�#0  .
�C F
�L 

�3 )����    7  2  4  7  6  3  4  6  7  1  5  

�3 �9��:      2  3  4  1  6  5  6  7    

            �</2  

 Y*N0 ��	b	  
1  2  3  4  5  6  7  

Y*N  �J�^� )kg/year(    8  60  70  10  65  43  15  60  130  20  20  

0�	b	   �J�^�    5  20  20  20  90  20  10  90  20  30  10  

Y*N  �J) ��<�kg/year(      10  50  19  50  10  25  20  27    

��<��J �	b	0      40  25  20  30  50  30  60  25    
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 I�.C8 - =-#
 �� � #]�.�� �� G���  	< �)(�
^, � G)" 2������� � 3�*.��= 

 ���  ���� ��	� ���� 

 1 2 3 4 5 6 7 1 2 1 2 1 2 

1 0 20 100 40 30 120 120 210 160 240 30 150 90 

2  0 80 40 60 10 110 70 130 80 30 130 140 

3   0 20 20 40 60 240 100 200 140 20 50 

4    0 110 100 90 100 210 200 200 100 160 

5     0 100 100 60 160 110 240 50 80 

6      0 70 80 150 150 50 210 170 

7       0 60 40 140 60 30 60 

 ��%� ��%	 ��%� ���� ��	� ���� 

 1 1 1 1 2 1 2 1 2 

1 270 2,8 40 640 310 890 700 480 610 

2 200 1 30 520 260 390 290 340 390 

3 140 3/3  30 530 240 930 960 590 590 

4 120 1/3  90 470 920 490 290 830 510 

5 230 5/3  70 390 520 270 300 960 970 

6 100 2 80 660 240 390 480 860 210 

7    700 480 300 350 950 500 

 

 

 I�.C9 - 
 "!+
 @#�� !" I.
 ���#�
-!�� #�����
�T 

WDK3 2=  !�	"	 ∈ U(500,3100) 851"� ∈ U(500,1500) 5"�(66) ∈ U(3000,3800) 

WDK2 3=  !��"� ∈ U(1200,3400) 852"	 ∈ U(80,300) 5"	(66) ∈ U(1500,6000) 
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