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Abstract  
Wastewater treatment plants require the use of materials and energy, manpower, and initial 
investment to carry out the treatment and disposal of contaminants. In the present study, the 
economic and environmental aspects of Al-Teymour and KhinArab wastewater treatment plants 
have been evaluated using the eco-efficiency index. The results represent that the eco-efficiency 
index of KhinArab treatment plant based on the removed organic matter and nutrients, as well 
as the environmental impacts of the life cycle is greater than Al-Teymour treatment plant. In 
order to improve sustainability, three scenarios are analyzed including the construction of 
composting unit, reduction of energy consumption, and reduction of chlorination. The results 
show that if the removed organic load or nutrients are selected as the environmental index, the 
first scenario with the eco-efficiency index of 0.09 and 0.14 million Rials per the removed 
organic load or 1.22 and 1.48 million Rials per the removed nutrients, it is the most suitable 
option for Al-Teymour and KhinArab treatment plants, respectively. In addition, if the eco-
efficiency index based on life cycle environmental impacts is considered, the second scenario is 
the best option with eco-efficiency index of 2.44×103 and 2.90×103 million Rials per the 
environment impact index of the life cycle for Al-Teymour and KhinArab treatment plants, 
respectively. This study represents that the WWTPs should be considered not only from an 
environmental viewpoint but also from an economic viewpoint; as a result, in order to provide a 
comprehensive analysis of the WWTPs, these two aspects should be considered together. 
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�@�#'� �� 0�	F-� 	� �*) .(Dong et al., 2017) . 

��F,   �R ��	$     ��*
�� �	�*) �� �1�y	� �	��    C#���� �	��
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Golzary-Ghalejoughi, 2016). 
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1 World Business Council for Sustainable Development (WBCSD) 
2 Life Cycle Analysis (LCA) 
3 Life Cycle Cost Analysis (LCCA) 
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1 Data Envelopment Analysis (DEA) 
2 Weighted Russell Directional Distance Model 
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Fig. 1. The location of Al-Teymour and KhinArab wastewater treatment plants 

 LM��z �.#��� ��L9�	�
 F, �� ��	$ 	�� -'��#! $ +�� ��2 
 

0�� _.+ �6(� �6� �.�� �#*9 ��-�#A�)     ��F�,  /	��A!2 .��
��F��,  ���
 ��  v#��� � ����	$MLEJ  .���� >���#; ���8  0�+���8�

��F,  � ��	$��$ �1y	�� 2��� ���6� �m��� �( �6�� . /	�A!2
��F,  �
 �� ��F,   v#�� � ��	$ SBRa      ^:�R ���A�	. 	�� �-���(�;

  .�� �:L� �#� 
 ��F,  O-%�� SBR*-���  ��� + �� 5	�� �D' ��   '#�  I	��� 

�$�u 	��
 0�+� &�	�  	��    ��#�� �����) ��;��  ��   �(��*� AG  + ��� 
� &!2� �*)  �� C	�!  +
 	���*�  F�, �� �� ̀ #�'#
��  �� �
\   ���G�
� C	D�� �#� .(El-Gohary and Tawfik, 2009). 
 �����
�* MLE  ��� n1Z �)0�� ��
 ��* Ludzack-Ettinger 

�� ���� � �HAN ���) O����/�- ���-(  N >�G� ��� �#����� 

\ �#� �!%. � �(@�� 7$� � ��� �#�� � 0�� ��.� �#�  �)

�� V��
> ���� ����-
F��	���#f A) ^:R +� �� �`+��-   ���%�
�� ��
�* Ludzack-Ettinger �� �#� .(Jalilzadeh Yengejeh et 

al., 2014) .  
  �	��R + ���+	() ^�	,� ��� �9+�$ �	%; �y	R 5	R��

]() �� 0�	F-� �+�     0���$r + ���	�� ��9+�$ ��D' + �#�   ��	��
                                                 
1 Modified Ludzack-Ettinger (MLE) 
2 Sequencing Batch Reactor (SBR) 
3 Denitrification 

���� �#��� &���� �� .| ��F��,  +� �����@��. �����.#�  �#):��� ����	$
.�� 0�� YG(� 

  

,3,3 ?":<@#�  

 0`+���; ��AQUAENVEC  �� ��6��� �� ���$�u &���A8  �	��	����
   	��6*  + ��� 0���� C	��D� 	��	���� 5	!���  7���8� /���T � ���Z��

g	�
�W  + �-%
� |� �*
�� �Z��     �	�� + �$	�� ��AR�� �� 3#��� 	�
   ��� 0�#��)Lorenzo-Toja et al., 2016(   ��
 �� :�' . >�+?�; �

#) Y$	� ��	
��z0�6� � ��+    �$	�� ��AR�� �-���@ �H� �� �+�
��F,  ��	$  ���$ + �#!�-' �	�   ����� + ���2   �� �1�y	� �	��   	��

�� /�#Z  &�� �� ��'	4� �	���� .��
:;�    .��� 0��� 0�� �	(�
  5	�� ���A!2 ���	
�� �	*�� ��'	4� �
 ��|��� ��� �    5	�� �#�*2

0�6� � X;  ��F�,  �����  ���	$    ���$ + �#�!�-' �	��  � �� ���2  ��H
.�� �-��@ 

  

,3.3 6$� DE��3 #;< 	!^x> ?�#< ?�� 	1�E ����� ?��  

E�� �*
�� ����  + �'#; ��:@ � �$�� �	� /�T  �-%
� 7�8�
 �V�	*� ��F,  �+�� �1y	� ��AG    �� ��-R + ��� �#�� �	�%�

�� .�� ��!���N ��#� �b��    � ���	� ��� �'#�; E�� 5	�� �#Q



+!A f#�W                                        ����O�	 � 5#�
                                                                                                     dx.doi.org/10.22093/wwj.2019.171317.2828 

 

56 

����� � �� 	
��                                                                                                                                Journal of Water and Wastewater 
 ����� ���� �� ��� �����                                                                                                                                                               Vol. 31, No. 3, 2020 

��	!��  3#��� �	��� �� 0�#'� �	� �!� �      �����  �@�	�� ��� �#� 
�)� 5+�9 �� .| �*
�� + /�T � �$��   0��� �	*-9 �	�  � ���	�

  �R��F,  ��	$ .�� 0�� 0��+� �1y	� �	�  
#m Y$	�z0�6� ����� ��*9 � �W�FA     7��8� + ��	�,-. �	�

gw#!�� + �� 0`+�; \
 �-%
� ��'#  0�+�� E�� O�%W  � �� �
    ��� �-�%
� 7��8� �T   ��� ����   ��� .��
�   �#�H*��� �
�	�  Y$	��  

#)z0�6� ��+��F,  7�#  �-��@ &�� 0�+�� E�� �
	� � ��	$   � 	��
) ��) O�%W  �-%
� 7�8� Y$	� ���'�	�� | �� .(>�+?;   ��y	R

��	
�� �� �I�-�� �� /	21Q � 0�	F-� 	�  ��*9   + ��	�,-. �	�
��F,  �-%
� 7�8� ��	$ ��$ + �#!�-' �1y	� �	�  �-$��; ��2

�� 6� �� +�� �
	�#) Y$	z 6��0� �F,  ��+�� ��	$ ��+ �#!�-' �	  

��$  � ��2 �'�	��|  ���	8� ��  
  

  )|     (                                                                     
EI

C1EE −
=  

  

�� �� �)  
EE #) Y$	�z0�6�  ���+I  �	������ v#!D�C �*
�� v#!D�   + 	��
EI .�� �-%
� 7�8� Y$	� 

 �
 �� >�+?�;  ���      Y$	�� �#��6� �	���	��� ������ �#�H*�  
#)z6��0� �F,  ��+�� $���	      ��� 0+1�2 #
�	*�� ��� �c8� ��#� �	�

�'	R  ]
��  �
	;      ��H� �� ��F
��  �	�#
�	*�� + ��
	; ��'	R .�� 
�0�� �-��@ 0�� �Z1$ ��� �� .��    

 

  
Fig. 2. The study boundaries of the eco-efficiency index assessment  
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Table 1. Some of the avoided effects and costs caused by the construction of wastewater treatment plants 

No. Description 
1 Costs of treating diseases caused by the discharging of sewage 
2 Costs of well drilling and discharging 
3 Costs of existing undesirable chemicals in wastewater 
4 Costs of reducing agricultural productivity 
5 Reducing the number of tourists and reducing the willingness to pay for entertainment costs 
6 Creating unattractive landscapes and reducing the value of land and residential areas in the area covered 
7 Increasing the financial cost for health care and disease prevention 
8 Negative effects on the morale, vitality and behavior of people living in the area 
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Table 2. The considered costs and revenues for Al-Teymour and KhinArab wastewater treatment plants 

Parameter  Description  

Costs  

Energy costs (all scenarios) 
Costs of chemicals consumption 

Costs of staff and maintenance and operation (all scenarios) 
Environmental degradation costs (all scenarios) 

Costs of construction and operation of the composting unit (scenario 1) 

Revenues  

Effluent sale potential (all scenarios) 
Sludge sales potential as agricultural fertilizer (scenario 1) 

Reduce the costs of well drilling and discharging (all scenarios) 
Reduce the costs of treating diseases caused by the discharging of sewage (all 

scenarios) 
Reducing environmental degradation costs due to the removal or reduction of 

undesirable chemicals (all scenarios) 
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Table 3. The reduction of environmental degradation costs of Al-Teymour and KhinArab wastewater treatment plants 

Parameter Cost of one unit  Amount of inventory change  The reduction of environmental degradation costs  
Unit IRR/kg t/y M IRR/y 

Al-Teymour wastewater treatment plant 
N 240016.8  -1434.412 344282.978  
P  455001.2  -117.334 53387.11  

TSS  73.6  -9509.943 699.93  
BOD 441.7  -11146.756 4923.52  
COD 1472.5  -21184.704 31194.476  

KhinArab wastewater treatment plant  
N 240016.8  -1158.416 278039.301  
P  455001.2  -96.0461 43701.09  

TSS  73.6  -4977.979 366.38  
BOD 441.7  -6862.62 3031.22  
COD 1472.5  -13427.365 19771.79  
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Fig. 3. The eco-efficiency diagram for the base scenario considering three different  

environmental indicators 
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� �%�� '� �	� �0�+�� E���:L� �#� + � #) Y$	� + 0�� ^:Rz0�6� �+� F,  +��� ��	$  
Table 4. The relative amounts of value-added, removed organic load and nutrients,  

and the eco-efficiency index of both wastewater treatment plants 

Parameter Base 
scenario 

The value-added ratio of KhinArab to Al-Teymour 0.97 
The removed organic load ratio of KhinArab to Al-Teymour 0.63 
The removed nutrients ratio of KhinArab to Al-Teymour 0.81 
The eco-efficiency index ratio of KhinArab to Al-Teymour by considering removed organic load as 
environmental index 1.54 
The eco-efficiency index ratio of KhinArab to Al-Teymour by considering removed nutrients as 
environmental index 1.2 
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Table 5. The value-added and environmental impact index of the life cycle in different scenarios 

Description Base scenario Scenario 1 Scenario 2 Scenario 3 
Al-Teymour wastewater treatment plant 
Total value-added (M IRR/y) 1770851.135 1886264.135 1771222.918 1771067.068 
Environment impact index of the life cycle 7.418×102 2.116×105 7.272×102 7.418×102 

KhinArab wastewater treatment plant 
Total value-added (M IRR/y) 1721338.707 1862503.307 1721796.319 1721576.606 
Environment impact index of the life cycle 6.121×102 1.268×105 5.940×102 6.121×102 
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Fig. 4. The eco-efficiency diagram for different scenarios 
considering the environmental indicator of removed 

nutrients 
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Fig. 5. The eco-efficiency diagram for different scenarios 
considering the environmental indicator of removed 

organic load 
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Fig. 6. The eco-efficiency diagram for (a) the base, second and third scenarios,  

(b) the first scenario considering the environmental impact index of the life cycle 
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