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Are Electrochemical Advanced Oxidation Processes (EAOPs) ready to shine in the wastewater treatment 

galaxy? The key steps to complete their evolution and reach a larger market are decreasing electrode 

material costs, developing innovative cell design, and optimizing energy management [1,2]. These factors 

are highly relevant when EAOPs are applied to low-conductive solutions (e.g. pharmaceutical 

wastewaters with conductivity < 1 mS cm-1). In this peculiar case, energy consumption and the 

sustainability of the overall EAOP are strictly related to the cell design. Solid Polymer Electrolyte (SPE) 

based cells have recently been introduced for disinfection and organic pollutants oxidation [3-5]. The 

presence of such a membrane sandwiched between the two electrodes allows the treatment of water 

matrices with low conductivity avoiding the necessity of supporting electrolytes, which could introduce 

further issues. To fulfil the sustainability target of SPE-based processes (environmental and economic), it 

is essential their couple with renewable energy sources (RES) and energy storage systems (ESS). 

In this work, an EAOP system based on SPE technology is designed and modelled considering its 

integration with photovoltaic panels (PV-panels) as RES and a Lithium-ion battery as ESS. The removal 

of salicylic acid from a low conductive solution has been taken as a model solution. As regards the 

electrochemical process, the system design is based on experimental activity to extrapolate information 

about performance removal. At the same time, RES and ESS management have been modelled and 

optimized using a machine learning (ML) approach. The ML analysis is based on a hybrid K-means – 

Grey Relational Analysis (GRA) -  Elman Neural Network (ENN) approach [6]. The hybrid algorithm 

was trained using a database created by PVGIS Online Tool from the Joint Research Centre. This training 

activity is required to help the algorithm forecast the PV panel production based on the weather 

conditions, even without a complex physical model, and allow the distribution of solar energy among the 

electrochemical system, energy storage system and the external power grid (if present). The ML energy 

balance optimization will be compared with a non-adaptive statistical approach based on historical 

weather series. The discussion will also analyze the impact of other key parameters (number of PV 

panels, ESS size, treated volume, electrode cost) to provide a deep economic evaluation of the process. 
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