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Abstract  
Due to the lack of fresh water, production of potable water is one of the important issues for mankind. 
Capacitive deionization is one of the methods that has recently attracted the attention of researchers due 
to its simplicity, low price and low energy consumption. The main challenge of this method is high 
energy consumption at high water concentrations. Therefore, this paper aims to investigate the effect of 
different effective parameters to improve the system performance. These parameters include feeding 
voltage, process time, electrode surface area and its capacitance value, overall transfer coefficient, 
volumetric flow rate and concentration of the feed water, and micropores’ volume, whose effects on 
energy consumption and number of cycles required to produce potable water are investigated. Results 
showed that the electrode capacitance and micropores’ volume decreased the necessary process cycles 
(reducing desalination process time) to produce potable water without significant changes in the energy 
consumption. The feeding voltage, volumetric flow rate and concentration of the feed water significantly 
affected the process time and energy consumption. For feed water concentration between 5 and 25 mM, 
results showed that the minimum values for the desalination process time, electrode surface area, and 
overall transfer coefficient, are 400 s, 50 cm2 and 0.9 µm/s, respectively. To improve the performance of 
desalination process in the capacitive deionization cell, development on the physical properties 
(increasing micropores) and the electrical properties (increasing capacitance value) of the electrodes, as 
the most important parameters, is suggested. 
 
Keywords: Desalination, Capacitive Deionization, Parametric Study, Simulation. 
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1 Reverse Osmosis (RO) 
2 Forward Osmosis 
3 Capacitive Deionization (CDI) 
4 Spacer Channel 
5 Electrical Double Layer 
6 Intraparticle Pores 

Fig. 1. Overview of a capacitive deionization cell 
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Fig. 2. CDI structures using static electrodes (A-F) and 
current electrodes (G-I) (Suss et al., 2015) 
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1 Membrane Capacitive Deionization (MCDI) 
2 Anion Exchange Membranes (AEM) 
3 Cation Exchange Membrane (CEM) 
4 Inverted CDI 
5 Xerogel 
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0�� �@  7�� (���? +�,@��!E=�drel @47 (���E), � (4? [�4	 

(Jeon et al., 2013) (����? @���!E=� \4��B' .CDI ���FECDI  ]

5E;)djG�	I0�&� (���? �7 �3!�' +�,@��!E=� �� /({�' "�� ���9
�!�&� +��7 (����? (���* ��3
�' /���&)&;��!E=� +V�
� ��&*� +�,

���&)&;��!E=�|+�	�7 �"�!��� ">�4	 �'�? ")&
 \4&!&= (4� +�, ��
� 
(Ma et al., 2019) . 
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 \���' �@  7�� ���� ��7 "&6L	 ���� /@�� ���@�

8���@��' "7 �
�4	 �� M� (�43�� &��� �@ "
����? �3� 046�� 
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���,@ A� (Jeon et al., 2013) �@ �� u��%I3' @���E6)� 5E���' �
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046� "7 ��7CDI�' /M�)
 +���7 @4�?4' 
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1 Flow Electrode CDI (FECDI) 
2 Slurry-Based Electrodes 
3 Electrochemical Flow Capacitor 
4 Slurry 

�!�&� "7 
��
 +�,CDI  ��� @��!E=� �7 .��,@ O��Y���  ���7��37
CDI �'(���? �
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�E), � �@��4�(��/046�� +���7 �� O���9 �� �	��B!' G4
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@�� @��3�&��
"
���� �@ @���!E=�" �� �@�B!�� �7 (9 �@ "�^�����3�

(4� ���@�h' \��
� @4; �@ .O,�g� 0��� �@ "� ��
9dred ���!3'

B? /�; �&� �� �=46� +�, "6&' �� �, �&� �7 ���
 +�, +��
9 +��,

�&� "7 M�@Y
 �' "!*�� �	�� +�, �
4; (Porada et al., 2012).
0�' "&�; � +��� �� +����046�� M�� "7 t47�' +�,�3�CDI 

O,�g� �@ ��>�@ "7 Y&
 ��' "�6)? (9 �� "�� ���; \��
� �, "�7 (�4�	
"&�; 046� +���CDI \��
 �� �@�B!�� �7 � Y�3= [��4	 �E&=��' ��Y���

(���E), (Lenz et al., 2020)"7 � /(����E), � 4�� ��� "7��' �4Q 
(Ryu et al., 2010) \�
 M3&=4)&� �� �@�B!�� �7 ��Y��MATLAB /
 �� �@ .@�� ���;� O,�g�� ��, "�B=p' �&oz�	 
���
 /�@ 5�&*@ +��,
046� @�E6)� (4� �@��R��  ��� �=��' @�E6)�  &3P), � �
��* �
R�� "7 
��
 
7��� � �; ����7 �J�@ +�, R��  ��� (@4�7 ��X�

 R�� ����� �7 "���I' �@ �� "&B�a	 +��, 89��3
�' RO �MSF �@

Z6� +�,�����o� /@�� .

(���E), �  K�E��'�� 046� +��7 �� 0�' M�FECDI 
=��
�o V�!=� �7 "� �������' ��� 
7 ��� /�3� �� (4�� ���&*� .��
@�� "�@ ��,

0�' �� �@�B!�� �7  7�� ���� X��3' �1�T� (��
�@ 0��' ���; +����
"&�; .
�� ��; +��� \��
� +�, ��7 �74�* 
I7�%' /0�'  �� �7 ��;

 �&oz	 �!��@ "7 � "!;�@ �7��	 b��!
���@�(����? A��
 �@ 8����@ 
M���)
 @����E6)� ����7 �� @�����!E=� O&���� /������@� ����' ����3&7 ����3� 

(Rommerskirchen et al., 2018).
�!��&� F�&��	 �� �@�B!��� �7 89 �&=4	)v3&6�4� R��RO �

�� [�4	 �!�&���? � 4"&�; 
=�� �7 � ��; +���RO "���I';�
(Yao and Ji, 2020) � ����� /0��'  ��� �@ . � "��XH	 89 (����?

 �!��&� �g�� +V�
� ��a'RO "�7 F�&	�	lc/�/0�E�����J'ec
� ��� �@ F>E'�!'�l/el���46&� j.
��� F�>E'�!' ��7 
���
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� ���a' � "��XH	 89 (���? /"�XH	 89 ����
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"��7 �g���� +V���
� ����a' � "���XH	 89 (�����? /"���XH	 F��&	�	d/c
/0�E������J'ec� ��� �@ F��>E'�!'�l/s���4��6&�j���7 
�����
F>E'�!' 
�� ��; R��Y� . �� b��!
 �' (��
 O,�g� "� �,@ "�7

 � +V��
� ��a' O,�� Y? 89 +���7 ���&
@�4' ����� O,��� /�g��
�' A� Y&
 "�XH	 �,@�	 ��; F?4' �'�  �� . ��"3�Y, @��� ¬)� "&�	

 �����/@4�; "!���� &��3P), ./��' (���� +�,���� �� (�4�	 �@ +���	
 
)��RO @�7 ���7 (Yao and Ji, 2020).
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����� �� �
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.
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�, �&oz	 (�Y&' �� M�"B=p' �,+��7 ��&
@�4' (�4	 �7 M�)
 ����@� �
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 89 �46*  &3P), (4�� R�� "�7 ��; ���@� /�
���* ����@� 

"!*�@���;"B=p'  �� . 
Z6� /X��3'Y�� ��� /046� V�!=� :5'�; �,
 /@���!E=� �
���* 
�&��x /@���!E=� 
���' /"�XH	 89 ��� /M)

 
��@ "�7 b���!
 ���� �7 /��!
� �@ .�3!�, 5� 0�I!
� F��N � (�'�

�'47 
)� "7 
��� +��7 /��'9 (4� +���3� +��� � �
���* ���@�
 / ��&��; 89 ���&=4	 +����7 R��  ���� �� �@�B!���� [�����; @4����7

 "���� ���,@��3�&�
�� ��;.

�5%� �J-8VHDE�$ FG��8� � 	
 
(4� �@�� 046� M� �@���"�� 
��� @���!E=� �@ �� 5E��!' /�
��*

 5��a!' (�����? �4��!E6� "�7 �3!��, "6��T�� �@ ������� �J����E� �� +�
�' 0�
��) �
�&��
�&'�#4)>' "� ( �@��' M�� ��7'"�7 5�L6L! (�4�3�

�' �� (��&q��) ��33���?  &�7 (9 S���Q �� �
�4!7 "�XH	 89 �	 @4;
�7�� (���? �,@��!E=� 5E;)e(#@��>' � [�7��� .  ��� ��7 ����� �

046��' (�&7 "'�@� �@ �
4�; "�7 "�� "�'�
�7 M�)� "�
���� ����4
 +�/
����3�+�, 046�/0�' �7����� (9 b��!
 � ��; +���h'.@4; 

0�' �7 �3!�' /((��I!' 046� M� U�� �7) 046� +��� 0@��>	
 ��� (��@ X���3'Y�� �@ �
4� ��7 �=�JK )σmi ( �=��JK "�7 "�� 
���

(�����? ) ���E��!E=�J(t4��7�' ���J�@ @����!E=� "��7 @����!E=� M��� �� /
��' "�=@�>' �@ "�� @4�;e
��� ���; �@�@ (���
(Porada et al., 

2013).
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Z6� 5&���� � @4; 5�*�@ "�7 +�
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���
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Fig. 3. Changes of salt concentration with respect to time in batch mode CDI experiment and 
 comparison with experimental results (Porada et al., 2013) 
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Table 1. Effective parameters in a capacitive 

deionization cell 
RangeValueParameterNo.
0.8-1.4Vcell = 1.2V Input voltage1

0.8-2.0 νmi=0.8mL 
Volume of 
micropores2

0.145-
0.21Cst, vol = 0.2 GF/m3Stern layer 

capacity3

15-25 c0=20mM Initial 
concentration4

50-150 vtot=200mL Total volume of 
fluid5

5-245A=250 cm2Electrode area6
30-1500t=600 s Time7

0.5-2.1 k=1.5µm/s 
Total transport 

coefficient8
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Fig. 4. Effect of external voltage on energy consumption 
and the cycles required to produce potable water 
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Fig. 6. Effect of stern layer capacity on energy 
consumption and the cycles required to produce 

potable water 
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Fig. 7. Effect of initial concentration on energy 
consumption and the cycles required to produce 
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Fig. 8. Effect of feed water volume on energy 
consumption and the cycles required to produce 

potable water 
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Fig. 9. Effect of electrode area on energy consumption 
and the cycles required to produce potable water 
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Fig. 10. Effect of time on energy consumption and the 
cycles required to produce potable water 
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Fig. 11. Effect of the total transport coefficient on 
energy consumption and the cycles required 

to produce potable water 
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