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Abstract

This study investigates the efficiency of electrocoagulation—flotation (EC) as a pre-treatment
method for industrial wastewater with a high chemical oxygen demand (COD), high levels
of suspended solids (TSS), and different colors. Real wastewater from a brewery, dairy,
winery, and marine oil processing industry was treated using aluminum electrodes under
various current densities. Laboratory-scale experiments demonstrated significant COD,
TSS, and color removal, with marine oils and dairy wastewater showing the highest COD
removal efficiencies (up to 88.6%), while for all the examined wastewater samples, the
TSSs removal exceeded 95%. The results confirm EC’s effectiveness and adaptability across
diverse wastewater types, supporting its potential as a sustainable, low-cost alternative as
a industrial wastewater pre-treatment process.

Keywords: electrocoagulation; electroflotation; wastewater treatment; winery; brewery;
dairy; marine oils

1. Introduction

Industrial wastewater is characterized by high COD concentrations, very low to high
BOD/COD, TSS, salinity, color, etc. In addition, since flow rates and concentrations vary
continuously, it is very difficult to develop a universal treatment method for all types
of industrial wastewater. In most cases where biological treatment could be applied, a
pre-treatment or post-treatment step is necessary to reduce the high pollutant loads or
to refine the treated water before its final disposal [1]. For this purpose, several physical
or chemical methods or advanced oxidation processes have been developed, mainly to
pre-treat wastewater before it enters the biological treatment step.

Electrocoagulation (EC) is a well-known and widely examined method. Two electrodes
are used as an anode and cathode, mainly aluminum or iron. The anode slowly dissolves,
releasing metal cations into the wastewater. The electrolysis of water takes place at the
cathode, producing hydroxyl anions and hydrogen gas [2]. The metal hydroxide formed
results in electrocoagulation, which is the precipitation of all suspended solids, while the
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hydrogen gas results in electroflotation, which is the flotation of all light flocs on the surface
of the reactor [3].

However, it is not a widely applicable method because shortly after its development
it was replaced by chemical coagulation due to the high price of electricity [4]. In recent
years, electrocoagulation has been revived and there is a lot of research going on to increase
the efficiency of the method and to reduce the cost of applied electricity and metal elec-
trode dissolution. Moreover, several parameters such as the type of metallic electrodes,
electrode surface area, electrode spacing, applied current density, conductivity, reactor
design, and gas productivity determine process efficiency and operating costs. All these
parameters importance differ, depending on the wastewater type and its physicochemical
characteristics [5].

The present study evaluated the efficiency of electrocoagulation—flotation technol-
ogy as a pre-treatment method for the management of strongly colored wastewater with
suspended solids and a high chemical oxygen demand (COD). Specifically, wastewater
samples were collected from a brewery, dairy, winery, and marine oil refinery. Laboratory-
scale reactors were designed and printed using a 3D printer, while pilot-scale reactors were
used to validate the laboratory-scale results under industrial conditions. All tests use draw
wastewater, aluminum electrodes, and renewable energy for power generation.

2. Materials and Methods

Laboratory experiments were performed in glass or 3D-printed reactors with a
100-1000 mL working volume, as shown in Figure 1. Aluminum plates were used as
both the anode and cathode while direct current was used for the process. The distance
between the electrodes was kept at 5 mm, while the current density varied between 3 and
10 mA /cm?. The number of electrodes also varied to achieve high hydrogen production
and to increase the capacity of electroflotation, which is a much faster process than elec-
trocoagulation. Experimental runs lasted from 10 to 60 min, resulting in low energy and
metal consumption. Samples were selected at different time intervals (5, 10, 15, 20, 30, 40,
60 min) and the COD concentration was measured according to standard methods [6]. All
the experiments were conducted in Environmental Systems Laboratory of the Chemical En-
gineering Department of the University of Patras, in collaboration with WATERA S.A. The
electrocoagulation reactors were developed for the pretreatment of industrial wastewater.
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Figure 1. Schematic representation of EC—flotation technology.

3. Results and Discussion

The EC—flotation method’s efficiency for decreasing COD in the winery, brewery,
diary, and marine oil wastewater samples was evaluated. As can be seen in Figure 2, in all



Proceedings 2025, 121, 9

30f5

cases the COD keeps decreasing as retention time increases, despite the fluctuations each
wastewater sample presents.
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Figure 2. COD concentration decreases at different time intervals of electrocoagulation treatment
(7 mA/cm?).

Specifically, for the marine oils that had the highest examined initial COD con-
centration (exceeded the 45,500 mg L), 40 min of treatment was necessary to obtain
88.6% removal, reaching the final concentration of approximately 5000 mg L. A sim-
ilar pattern was observed for the dairy wastewater, where a steep decrease was gained
within the first 5 min of treatment, noting a decrease up to 75%, while the maximum
removal of 80% was obtained after the 30 min of treatment, reaching a final concentration of
~2000 mg L~! from 10,800 mg L.

On the contrary, the brewery wastewater had the minimum examined initial COD,
close to 1500 mg L~!, where 10 to 15 min was found to be adequate for the process and
a 60% COD decrease was achieved. The behavior of the winery wastewater was slightly
different, since 60 min of treatment was demanded to decrease the COD from approximately
5000 mg L~! to 1900 mg L~! with a much slower pace of removal, probably due to the
higher dissolved organic load that these samples may contain. Nevertheless, all of the
wastewater samples at the end of their treatment presented TSSs removal ranging from
90 to 95%, and color removal from 70 to 90%, as can be observed in Figure 3.
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Figure 3. Actual display of (a) diary, (b) brewery, (c) winery and (d) marine oils refinery wastewaters
before EC (upper row) and at the end of the treatment (bottom row).

Overall, the EC process effectively reduced COD levels in all four types of wastewater,
with the most significant reductions occurring within the first 10-20 min of treatment.
Marine oils and dairy wastewater initially exhibited the highest COD concentrations and
showed a steep decline, though it stabilized at a higher residual level compared to the
others. The brewery wastewater demonstrated the most rapid and complete COD reduction,
reaching negligible levels early in the process. The winery wastewater presented slower
but steady COD reductions over time, reaching its maximum at 60 min. These results
highlight the efficacy of the examined method, and emphasize the variability in treatment
performance based on wastewater characteristics.

4. Conclusions

The capacity of the electrocoagulation (EC)—electroflotation method for chemical oxy-
gen demand (COD) reduction was evaluated in four different types of industrial- wastewa-
ter: winery, brewery, dairy, and marine oil refinery effluents. The results demonstrated the
method’s high effectiveness and adaptability across wastewater with diverse organic loads
and characteristics. Concerning the COD reduction, all wastewater types demonstrated
total suspended solids (TSSs) removal efficiencies of 90-95%, and color removal in the
range of 70-90%.

Overall, the electrocoagulation—flotation method proved to be an effective and adapt-
able treatment approach across various high-strength wastewaters, with the most signif-
icant COD reductions typically occurring within the first 10-20 min of treatment. These
findings emphasize the influence of wastewater composition on treatment dynamics and
highlight the potential of EC as a versatile pretreatment or standalone option in industrial
wastewater management.
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