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Abstract  
Nowadays, decreasing access to sustainable water sources has pushed the water shortage to 
water stress and water crisis in some cases. This phenomenon has led to more and more 
researchers and craftsmans’ efforts to achieve cost-effective commercial processes for a 
sustainable supply of water. Reverse osmosis process showed suitable potential for supplying 
the human’s required drinking water among all the water treatment processes. However, this 
process needs economic studies in macro-industrial levels. Neka power plants’ reverse osmosis 
desalination of seawater has been designed for production of 6,000 m3/day desalinated water. 
Feed water of this plant is supplied from the Caspian Sea with total dissolved solids of 15,000 
mg/L and electrical conductivity of 20,000 µS/cm. Based on the results, required capital cost of 
this plant is $6 million and annual variable cost of $1.232 million is needed for desalination 
plant operation. Final fixed price of the desalinated water has been calculated $0.684 per cubic 
meter of desalinated water with the consideration of 20 years’ plant life cycle. Break-even point 
of the desalination plant has been obtained less than 6 years and less than 2 years with sales 
price of 1 $/m3 and 2 $/m3 of desalinated water, respectively. Results show that reverse osmosis 
based desalination systems are a suitable replacement for conventional freshwater sources. 

Keywords: Desalination, Water Crisis, Water Economy, Pretreatment, Saline Water, Sea 
Water. 



dx.doi.org/10.22093/wwj.2022.345502.3263 68

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 33, No. 5, 2023 

مطالعه موردي

و فاضلاب، دوره 67-78، صفحه:5، شماره33مجله آب

P14 ��H,:� ?!=@� 
 �5��E /0 ����)�� ���� K�$�� C1-� ���� :
�����$4 �1!=-  !&� *�D
�!4 ���� �� 

�".*���� .�G�&*"	
Z)'c�)�) O)�j �&6����6S-1� �".R��j&3�AO�� ��^kSg�� �"OY5AYSJ

=>5��*  78 �Y�� ��#�*���ee?�� ;?� ���;$���,�D� f�* 
��5�O�� � ��!)��@� ,�����
�� ,�D����� 

�)�5��B (4IB� Seyyedmohamad.sadati@gmail.com 
F>5��* 78 �Y�� ��#�*  ���e�� ;?�  e?���;$���� ,�D� f�*�5�O�� � ��!)��@,�D� 

� ,�����
������ � ,�����
�� ,�B!*�* ,�����
�� 5�/���# ��2?# �B' �/�	�\' ����� 
J>5��*  78 �Y�� ��#�*���ee?�� ;?� ���;$���,�D� f�* 

��5�O�� � ��!)��@� ,�����
�� ,�D����� 
[>��? 5#�# (?�� g�� ��?E,V	�\' (?�� �	E��  C!"�E�9)�@,

� ,����� ,��2)���*���� 
^>���� �����@��5�O�� �� ;?�  ,��R*���;$���,�D� f�* 

��5�O�� � ��!)��@� ,�����
�� ,�D����� 

������)	�/�/	�	 �������/�/	�	(

: !����+� 9� :� ��) ���; �� ����� <�� �� 6�7�� ��� 
�������>�� N��� .��.a�����$�8��$W.b ���U��\ �.8��.� �WO+O� �.W �W��&c����" �d6: 5��Y'U� L�>M� 8 J<�,Q �+�� 12 J+��$ 

�4��. O6�� �+�Z ,�:-�!� %�P8,�: 5��4. ��;�].��: J6�>� �1=(�  8 12 �>?. "@@)B�(fDE_f.Doi: 10.22093/wwj.2022.345502.3263 

����� 
LO �#�UD� 
�#�U	 &Z�� �
 � c�� G>/ �� FE��	 @# 6��%�� �
 #� LO 
�H>7 .�#���e L�< LO ����	 �� &/�9/
 c5�7 )@��	#

 [M� �� �K�	 )���e 8�# .G/# )
#
 ��/�#�-�5�de #�� �#�-9��g �}[�� �U� &��%9U/
 `U/��	 �U%;�� �U� 6��UK� 6�U5
#�� 6
��9X#}� 8%� �
 .G/# )�< �#���e LO 8%	^�[�6�5 :�/ �
 �7 6
��9	 &/��� �%Z# 6�5)�< ��#J>� .���
 LO @# &�#
@

�� ����# @�%�
��	 LO 8%	^� 6#�� #� &��Z ��%�� %���9e ]�1�	 $>/# ���#�� ���e UZ @# �5 .:�U" 8U�# �U� .GU/# )
#
 ��U�� 
�
&/��� ��	@�%� [�� 8�# [�9�� �"#� .G/# �M7 �q/ �
 6
��9X# 6�5J>� &�#
@ ���%�U< )�U���%� ]�U1�	 $>U/# �U��e

 �1� &>%3/a�5 �� ��#@�� �%���m3olll �U� �$UZ 6���
 LO .�"#� 8�# �
 8��%< LO �%��� 6#�� .G/# )�< &"#�E 8��%< LO
	�; �#�_ 7
��" :�3D	 �mg/L  ijlll &1��91�# G�#�5 �µS/cm  nllll ���#��Z �#��(.)
�R9/#b	
�U< �U� �U;�� �U� .

 ��	@�%� )��<# 
��	 �"#� .c5�de 8�# 6
��9X# %3D�i.jll ��B�/ � G��I ���$5 :��� 
��%3%	klh �U%p9	 �U��$5 :�U�� 
��%3%	
G/#�� f��9� �� �;�� �� . G>%X .)�	O G/
 
��U" 6�%��� LO `�1	�9	 �5 )�< ��>�iui.lll :
�U�	) :�U��ohv/l�B
 �U�

 ��#�� �B
 �5 G>%X  ��njllll ����	 [��-� ��	@ �
 :���� �T� �
 �� (89�� nl)��� ��	@ :�/ .
�U� �U5#�Z �U"#� 6�#
��
���/ �q�� .8�# �� )�M( ���	�/ �/ @# �9>7 {�E 8�# �
 6�#?�o�UT� �
 �� :�/ [��U� GU>%X 89��U�njl �U� :�U�� �#$U5

 @# �9>7 � `�1	�9	n[��� G>%X 89��� �T� �
 �� :�/jll �� )�< �%R�� LO `�1	�9	 �� :��� �#$5 .�	O G/
 f��U9� ��U��
LO �7 
#
 8��%< 87&	 ]�1�	 $>/# ���e �� �5 .��<�� f�#� LO ����	 6#�� `/��	 8�$-��; J� ���#�� 

>J!1 <�� <���K :MN /2%�� ��: �MN ��D9.! �MN �!%+ �/& �2�� MN ���� MN �'�5D� 



T�� �#�d2c� 0�!6� � +Y��W �* ���# 78 +��#
 ... dx.doi.org/10.22093/wwj.2022.345502.3263 

69

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 33, No. 5, 2023 

�8	�.9� 
 � �=(�� ��	�	 
	� �6 �#��9 ���� �!4��� YJ�� B4	/��	 .��	

 !4����  � �	(�4�? ����� �� ������� 2$(� ����& ��b� $ '���
2�>�	 �$(�9 ��@�9 8��9�� .����� �4<?�/�� � :�� �	 (�Z��

k+���-	 $ ���4�� �� !��� '���� �����= �	��- ���  � ����� �� $ (��	
S��A# (�4��  �) �+� 
(���.(�+��/g� '(��%�-� (Z�� 2	+�)
�� ��G��� !4���  � �$(�9 �S�� (Z�� !4	 �	 �� (�+���(�Z��

oJ- �� �+&+�  � � �+�� � �� j+�%�� .��	 D� $ �4 V�+Z
���G�$� �������4� ���� �� �+&+� 
��� ��7�4�� ��� ��+1� $ ���

 /���� 	+��� �� �+��&+�y�� 2����& !4�����  � :��� �	 (��Z�� :����� 	
�� � .(�+� ���# ��f4� �#��;)y��	 o��>����+H�� 2+��H��]y�� 

S�� 
�+�� �� 
���� �	 !��� �� �+&+�  � o�>����+H�� 2+�H��
� �� ��	 {�4	� ��O�,# 
��(��4	�� N���	 �	 �? �4 S�A��� V�+Z

:�- (���� '��O��	(Black, 2016).
2����	 �������+�  ��  � !��"# �H��� 8��� �� ��� ���G	 
���

�%�- �� ���� :4(;# 2��& cH�M� 
�� !�4	 .���	 '(�� 2	�K �
 �	 B� �� ��	 ���9 ����
���� 01��� �� 2��& ���%& (Z��
 ��� �=(��� ��4�� ^4�/� X����= �� ����� j+�@+� !��%� .(����

S���� ��f%67  � 
�� !4��� 8�� �� !� �� .��	 '(� ��G	 
��
 8���� ���# ���� �����9g�]� �����#�/]��������+�  ����  � (��Z��

2���	 ��� 04�1 �	 ��S� � 
�� !4��� ��� (��+# !� ����� �(��
�9	�1 �� 2�6� �G�� 8�9 �� 
��(9	$ $ �� ���	���? !4	 �� (��	�

 ���#]��� (Z�� ������ '�$���	 .(�4 B4	/�	 (�	+# 
/�4� �� ���
 ��4�? �� �+?�f��� $ �4	/��	 ����	���	 �����~�	 (���� ���+6� �	 �G�

 !��"��#g����#g�����  � �	 (��Z�� ��� V(����	�� �� ��������+�  
 � �	 '��O����	 !4����� !��� ����	 ����.(Faust and Aly, 2013, 

Patterson, 1985).
X$� ^%� 
	� 
���� 
�� 8��� �� �+��  � �	 ��4	�� 
���

 
	�� ����� �	 N	(�� ��� �� ��	 '(� ����� ��G	 C4	��� ��,M6�
:�- :� .(���� '��O��	 � �� '(� :9 (��& �	+�]�����	 ���	��?

:�- (�4	�� j+� !���# 
	� ^%� 
	� '��O��	 �+�� 
���� �	 �4	��
� ���	��? !4	 .��	 o�9� 8+%�� �+1mg/L �� 2�� �� ��� �+�

��	(� ����& 2����� ��	(����	 k��	g���O9 ��	x� !��*%� $

1 Total Dissolved Solids (TDS) 
2 World Health Organization  (WHO) 

C�K� '(K�� V_�4	 ��4�y2	/��TDS ���  � �	 B�� (�4�;�  
mg/L ��� � .(�� ��  � ����� ��H� �+1TDS �	 ���6� mg/L 
��� �	 ����%� $mg/L ]����� ��� o���  � 2	+���) ��G����� �+���
�� � �4��� .(�+�TDS �	 B�mg/L ]�����  � ����� �� /���

 S���A# ��4�� ��� 
(�� (�+��.(Black, 2016, Viessman et al., 

1998).
X$� !4���� 
	� 
���� 
�� 8��� �� ��4��  � 
���� 
���

 k+��>�� /%���	 ����#	�9 ����JA# ���� ����	 '(��� ������� ����G	z�
� 2+4 8��;# $ /���4�$��>�	 X$� 2	+�) !4���� ¡�� 
��  � 
����

�� ��G��� �� .(�+� X$� !�4	 �	 N	(�� �	 ��,M6� '��� 
	�� ���
TDS ��&+# 
�$�$  � 
����6� ��� ��	� �&+# (4� .(���� �4<?

� k+>�� /%�	 �$� �f���= :>6� � 8+%�� �+1 �� ��� (���� $�
TDS
(& ���� :>� �_� 
�� �� �+G � 
�# �� :��A� �� .����=

 �� 
�$�$  � ���� ����W# v	� ������+� ��4� ���� 
x��	 � �&+#
  � 
��(9	$ !4���� 	�9 !�� X$� !�4	 �	 '��O���	 ���#� 
	�� ���

 � 
���TDS ��&+# 2	(�7 �S� ��&+# � �:��� !�%� � .���� �4<?
 �TDS �G���4� � �&+# '	�%� � 
�$�$ C��K� �� �+�&+� 
��

�� �D(� 8$(& �� .���  �M��	 	� (�4	�� !4��� 2	+#]'��TDS 
��&+# !4��� 
��(�4	�� �	 N	(� �� 
	� �4<? �����	 '(��  � 
�

.(Black, 2016, Patterson, 1985).
^%� X$�  �M��	  � �	 �4	�� ��%�- 
$� �� �4��� �� �4��

� .�+ (�	+G �	<=��P"# 
(��+#  � '(� N�%# %# �%�- ��H� �+1�N�

��.?�8��&+# C4	�� ^%� cH�M� 
��(�4	�� 
�4<? �4	�� 
o�9�  � �	TDS 
�$�$  � 

Table 1. Desalination processes cost-effectively 
based on row-water TDS 

Desalination process 

TDS range for having 
a cost-effective 

desalination process 
(mg/L) 

Thermal distillation 20,000 – 100,000 
Reverse osmosis 50 – 46,000 
Electrodialysis 200 – 3,000 
Ion exchange 1 – 800 

3 United Sates Environmental Protection Agency (USEPA) 
4 Reverse Osmosis (RO) 
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Fig. 1. Simple schematic of reverse osmosis based desalination plant in Shahid Salimi Neka power plant 
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��.?:.��4/� $ �	/	 ���� ^%� (9	$ �� '��O��	 ��+� 0�-� �	/	 $ ������ ��>���>� V	/���# 
�� � �4	�� �4�? 

�>� �%�H� (��� '�=$��� �� �A��� k+>�� /%�	 
Table 2. List of tools and cost of mechanical equipment, control equipment and precision instruments used 

in the reverse osmosis based desalination unit located in Shahid Salimi Neka power plant 

Unit Equipment 
Price

Billions of 
Rials

US Dollars in 
thousands

Intake Pumps (6 pcs) with aeration 
system 7 28 

Pretreatment – 
clarifier 

Mixer (6 pcs), scrubber (2 
pcs), sludge extraction 

system, skimmer (4 pcs)
15 60 

Pretreatment – 
DAF 

Scrubber (2 pcs), 
compressor (2 pcs), pump (3 

pcs), mixing tank (2 pcs)
6 24 

Membrane based 
pretreatment 

Transfer pump (4 pcs), self-
cleaning filter (2 units), 
ultrafiltration (4 units), 

cartridge filter, backwash 
equipment for MC11 and 

MC22 related to ultra-filters 

303 1212 

Reverse osmosis 
and CIP3

Reverse osmosis (3 units), 
high pressure pump (3 
units), ERD system (3 

units), CIP system

354 1416 

Sludge 
management 

Naturalization pond (NP) 
pump (2 pcs), sludge pump 

(2 pcs), RO concentrate 
pump (2 pcs), mixer (2 pcs), 

sludge decanter

43 172 

Chemical injection 

Acid pump (6 pcs), NaOCl 
pump (4 pcs), NaOH pump 
(4 pcs), coagulant pump (3 
pcs), anti-scalant pump (2 
pcs), coagulation aid pump 

(2 pcs), SMBS pump ( 2 
pieces), SMBS mixer and 

their tanks

17 68 

Control system and 
instrumentation 

Control equipment, 
precision instruments, 

control software, UPS, air 
compressor for supplying air 

to pneumatic equipment

37 148 

Laboratory 

pH meter, EC meter, jar-test 
system, turbidity meter, SDI 

meter, laboratory scale, 
oven, air conditioning 
systems and common 

equipment for laboratory

5 20 

Piping - 188 752

Total 975 Billion 
Rials

3.9 Million US 
Dollars

1 Maintenance Cleaning (NaOCl Based) 
2 Maintenance Cleaning (HCl Based) 
3 Chemical Clean in Place 
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Table 3. List of construction processes and required costs in the reverse osmosis based desalination  

unit located in Shahid Salimi Neka power plant 

Type of activity Amount 
Total price

Billions of Rials US Dollars in 
thousands

Concreting 5,000 m3 44 176 
Infrastructure and 
asphalt 1,200 m2 29 116 

Pretreatment pools 1,600 m3 32 128 
Pools for product 
and concentrate 
storage 

850 m3 17 68 

Shed construction 900 m2 118 472 
Control and 
administrative 
buildings

500 m2 29 116 

Other expenses - 16 64

Total price 16 Billion Rials 64 Millions US 
Dollars

��.?�.^%� (9	$ �� ������+� ��4/� $ �����	 
$��� ���� �>� �%�H� (��� '�=$��� �� �A��� k+>�� /%�	 �4�?� �4	�� 
Table 4. List of personnel and required costs in the reverse osmosis based desalination 

unit located in Shahid Salimi Neka power plant 

Position Number 
of persons 

Monthly cost 
(Million 
Rials) 

Total monthly cost
Million Rials US Dollars in 

thousands
Unit manager 1 350 350 16.8
Head of 
operators 1 300 300 14.4 
Operator 15 250 3.750 180
Staff 3 200 600 28.8
Manual 
worker 6 140 840 40.32 
Total annual cost (Billions of Rials) 70.08 280.32
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Table 5. List of chemicals and its required cost in the reverse osmosis based desalination 

unit located in Shahid Salimi Neka power plant 

Chemical type Place of use Monthly usage 
Total annual 

price 
Millions of Rials

Acid 
RO input pH adjustment 40 m3 53,600 

MC2 of ultra-filters 1 m3 1,340 
NP pH adjustment 0.5 m3 670 

NaOH 
Blendings’ pH adjustment 20 m3 9,840 

NP pH adjustment 0.5 m3 250 

NaOCl 
Blending water 

disinfection 
20 m3 8,500 

MC1 of ultra-filters 5 m3 2,150 
Antiscalant RO inlet 0.74 m3 17,950 
Antioxidant RO inlet 1,200 kg 4,800 
Coagulator  Pretreatment pools 0.5 m3 1,950 
Coagulation aid  Pretreatment pools 0.54 m3 18,950 
Total annual cost 120 Billion Rials 
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Table 6. Summary of fixed and variable costs related to reverse osmosis based desalination 

unit located in Shahid Salimi Neka power plant 

Total turnover Cost amount (Billions of 
Rials)

Cost amount (  US 
Dollars in thousands)

Fixed cost 1,500 6,000 
Mechanical equipment, 
control and instruments 975 3,900 

Construction processes 285 1,140 
Installation and operation 240 960 
Total variable cost (for 20 
years) 6,160 24,640 

Annual variable cost 308 1,232 
Personnel  70 280 
Repair and maintenance 100 400 
Chemical raw materials 120 480 
Energy 18 72 
Profit from the sale of 
securities equipment 150 600 

Total cost of 20 years 7,510 30,040 
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Table 7. Summary of water production on reverse 

osmosis based desalination unit located 
in Shahid Salimi Neka power plant 

Production amount (m3) Time 
Daily 6,000 
Yearly 2,190,000 
Total water produced during 
the life of the unit 

43,800,000 
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Fig. 2. Capital cost return related to reverse osmosis 
based desalination unit located in Shahid Salimi Neka 

power plant, considering the price of 25 thousand 
Tomans per cubic meter of produced water 
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Fig. 3. Capital cost return related to reverse osmosis 
based desalination unit located in Shahid Salimi Neka 

power plant, considering the price of 50 thousand 
Tomans per cubic meter of produced water 
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