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Microbial electrolysis cells (MECs) are emerging as promising bioelectrochemical platforms for the simultaneous
treatment of organic waste streams and renewable hydrogen production. Nevertheless, their optimization remains
a major bottleneck, particularly when real substrates are employed, due to bioanode sensitivity, substrate
heterogeneity, and the time-intensive nature of conventional long-term experimentation (Segundo-Aguilar et al.,
2026; Shao et al., 2019).

This study proposes for the first time a rapid operational screening strategy to evaluate the performance and
operational limits of a laboratory-scale dual-cathode MEC under different hydraulic conditions and organic
loading rates (OLRs), using several real substrates.

Beyond synthetic feed, used only for benchmark purposes, the system was supplied with a dark
fermentation effluent derived from organic fraction of municipal solid waste and sewage sludge (OFMSW),
untreated brewery wastewater (BWW), and untreated dairy wastewater (DWW).

Regarding the fermentation effluent, this exhibited a high fraction of organic acids (82% OA/CODs,) and
a low redox potential (= —0.278 V vs SHE), indicating strong electron-donating capacity and high suitability for
bioelectrochemical conversion. In contrast, raw wastewaters showed a more heterogeneous COD composition.

The MEC consisted of three identical Plexiglas chambers (0.86 L each). The bioanode chamber, fed in
continuous mode, filled with granular graphite (<4 mm), was separated from two cathodic chambers by a CMI
cation exchange membrane, allowing selective cation transport. While, each cathodic chamber, fed in batch mode,
was equipped with 316 stainless steel sheet electrodes (176.46 cm?).

Six operational conditions were explored: case A, B, C, D, E, F by imposing increasingly demanding
hydraulic stress in terms of flow rate, Dilution factor (D), hydraulic retention time (HRT) and corresponding
applied OLR summarised in Table 1.

Table 1. Operative conditions in terms of flowrate, D rate, HRT and applied OLR for all cases studied.

Case Q D HRT OLR
(L/d) d"h ) (gCOD/Ld)
A 0.7 0.8 1.2 1
B 1.4 1.7 0.6 2
C 2.9 34 0.3 4
D 5.9 6.9 0.15 8
E 11.8 13.7 0.07 16
F 23.6 27.4 00.4 33

The rapid screening approach clearly revealed a trade-off between COD removal efficiency and current generation
(and thus hydrogen production). Specifically, increasing the dilution factor resulted in higher current densities for
all tested substrates, while COD removal efficiency decreased accordingly.

Under the most hydraulic extreme condition (Case F), COD removal converged to similar values regardless
of the substrate type, indicating a critical operational plateau. This behaviour suggests bioanode saturation, where
the microbial community becomes kinetically limited and unable to further degrade the supplied organic load,
independently of substrate composition.

Following trends of current and CODremoval efficiency are reported in Figure 21.A and Figure 1.B.
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Figure 2. Trend of the observed cathodic current of the MEC reactor (A) and trend of CODremoved efficiency (B), as a function
of D factor in all studied cases, for both synthetic and real substrates.

This finding highlights a key advantage of the rapid screening methodology: the ability to quickly identify
operational thresholds and performance plateaus, significantly reducing the need for prolonged trial-and-error
testing. Electrochemical characterization further supported these observations. Bioanodic polarization curves
showed comparable current trends for synthetic substrate and fermentation effluent, whereas untreated brewery
and dairy wastewaters exhibited distinct kinetic behaviours. This difference can be attributed to substrate quality;
indeed, the fermentation effluent provided a more readily bioavailable COD fraction, enriched in organic acids
and characterized by a favourable redox potential, thus promoting more efficient electron transfer.

Overall, the dual-cathode configuration ensured complete electron recovery into hydrogen (CCE > 100%)
with high gas purity across all tested conditions. In addition, by comparing the obtained results with the
performance reached with the conventional single-cathode configurations, working with same synthetic medium
composition, the dual-cathode design enhanced hydrogen recovery and operational robustness, with a CE of 95%
vs 74% and 86% ; NE of 104% vs 83% and 68%, comparison made with data from (Marchetti et al., 2025) and
(Cristiani et al., 2024), respectively. The results demonstrate that rapid operational screening can serve as a
diagnostic tool to identify system bottlenecks, substrate-related limitations, and bioanodic saturation thresholds.
Such an approach represents a valuable strategy for accelerating MEC optimization and supporting the practical
implementation of sustainable biohydrogen production from heterogeneous waste streams.
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