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Capacitive Deionization (CDI) is an electrochemical 
process that allows one to desalinate water while 
simultaneously storing energy in an easy-to-use, cost-
effective and environmentally friendly manner. The key 
to CDI (see Fig. 1) is the adsorption of charged species in 
the electrical double layer of an electrode upon 
polarization by a Direct Current power source [1]. In the 
regeneration step, a wash solution is circulated while the 
electrodes are depolarized, so that ions are desorbed from 
the electrodes and pass into the bulk of the solution, 
resulting in a stream of higher concentration. These two 
stages are essentially the same as charging and 
discharging an electrochemical double layer capacitor [2].  
 

 
Figure 1. Capacitive Deionization showing deionization 
and regeneration steps. 
 
However, the fact of using circulating water solutions 
instead of an ideal electrolyte, and the need for replacing 
the electrolyte when the deionization finishes and 
regeneration starts, provokes certain anomalies not 
previously found in electrochemical capacitors, 
particularly with respect to energy recovery. 
 
Furthermore, it is appropriate to consider an operational 
mode of replacing the electrolyte when deionization 
finishes and regeneration begins. This is defined by a 
deionization stage where the liquid flowing through the 
system is an untreated water that may show high electrical 
resistivity, and therefore its ability to conduct electric 
current will be low (let us say low Icharge). This stage has 
to be followed by a regeneration step where the fluid is a 
concentrated washing solution showing good electrical 
conductivity allowing high Idischarge [3].  
 
This asymmetric operational procedure for CDI may 
provoke significantly different performance in electro-
sorption and desorption processes, particularly when these 
two stages are consecutive, and could be useful in real-
world conditions such as those integrated with renewable 
energy systems in order to mitigate the impact of short-
term power fluctuations caused by the intermittent nature 
of clean energy solutions (i. e. wind power generation and 
solar power). In these situations, a CDI system should be 

capable of being flexible with respect to the ability to 
change rates of current since fast power modulation and 
continuous operation are required. 
 
Since these features are relevant for the CDI process, 
strategies for operating these systems are likely to have 
major impact on the practical application of this 
technology [4][5]. Therefore, with the objective of 
developing this process to the point of making these 
systems an option for use in water treatment plants, these 
operational aspects are studied and discussed as part of 
CDI process optimization and aimed at improving energy 
recovery and separation of both water streams involved. 
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