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1. Introduction – In recent years, the presence of contaminants of emerging concern (CECs) in natural 
water bodies has received critical attention as current conventional wastewater treatments fail to fully 
eliminate them [1]. To this end, electrochemical Advanced Oxidation Processes (eAOPs) are promising 
treatments for the degradation of recalcitrant compounds by means of highly reactive species generated in 
an electrochemical cell [2]. In fact, Boron-Doped Diamond (BDD) anodes enable to electrochemically 
generate these oxidative species without the addition of chemical precursors and achieving high removal 
efficiencies for a wide range of CECs [3]. To date, most studies have focused on pure water systems in 
batch operation, although it is needed to evaluate the BDD performance in more realistic systems before 
considering their suitability at a larger scale. Therefore, this work has focused on investigating the effect 
of (i) the concentration of ionic species as oxidative radical sources, (ii) the synthetic wastewater 
composition and (iii) the reactor operating mode. 
 
2. Experimental - Experiments were performed in a 1-L jacketed electrochemical cell with a BDD anode 
and a Stainless Steel cathode. The CEC of interested was carbamazepine (CBZ) and its degradation was 
modelled under pseudo-first-order kinetics. To compare effective energy consumptions, they have been 
computed as the energy required to treat 1 m3 of wastewater and degrade CBZ by one order of magnitude. 
 
3. Results and Discussion – To minimize the need for additional chemicals and hence to mitigate the 
generation of secondary waste streams, a “baseline” scenario consisted on the use of nitrate and sulfate 
ions as oxidative radical sources at concentrations equal to the EU allowed water limits (50 mg/L and 250 
mg/L, respectively). Under the “baseline” conditions, CBZ exhibited a reaction rate constant of 2.784 h-1, 
with an equivalent energy consumption of 0.474 kWh m-3 order-1. When the concentration of these ionic 
species were doubled in a so-called “enhanced” scenario, not only the degradation was faster (i.e., 5.776 
h-1), but more energy-efficient (i.e., 0.427 kWh m-3 order-1). 
The “enhanced” scenario was however significantly 
affected when treating synthetic secondary effluents, 
leading to a 57-76% reduction in reaction kinetics 
depending on whether the wastewater contained a low or 
high organic load. Even if the energy consumption was 
higher (i.e., 1.021 kWh m-3 order-1), treating secondary 
effluents low in organics allowed for a degradation rate 
constant of 2.502 h-1, which is similar in value to the 
“baseline” but more realistic in view of future industrial 
implementation. To further optimize the efficiency of this 
system, the electrochemical cell was operated at a lower 
current and in fed-batch mode, where a CBZ spike was 
added at the beginning of each cycle. It was observed that 
the degradation kinetics exhibited over a 4-fold increase 
after 6 cycles (Image 1), which was translated into 57% 
less time and 62% less energy required than in batch mode. 
 
4. Conclusions - Despite the energy consumption associated with eAOPs, BDD anodes are of high 
interest as they can directly generate oxidative radicals from wastewater constituents. The effect of 
scavengers in the wastewater has a significant impact onto the degradation and the energy consumption of 
the process, although this can be significantly optimized when operating in fed-batch mode. 
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Image 1. Fed-batch operation of “enhanced” scenario in a 
synthetic secondary effluent with low organic content. 
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