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ABSTRACT: Landfill still represents the main option for waste disposal in many parts of the world. In
general, the comparatively high costs of treatment and disposal alternatives are a major reason for the
reliance on municipal solid waste (MSW) landfills, particularly in developing countries (Laner et al.,
2012). Anyway, landfills often pose a significant pollution risk and contribute to potential environmental
and human health impacts via gaseous and liquid (leachate) emission pathways if not properly
managed (Cossu et al., 2003; Pivato and Cossu, 2007). Some innovative technologies can help to
reduce these emissions such as in-situ aeration and the application of microbial fuel cells (MFCs).
Landfill aeration increases the degradation rate of biodegradable organic matter and reduces the
emission potential of biogas and the risks associated with the long-term emissions (Raga and Cossu,
2013; Raga and Cossu, 2014; Raga et al., 2015; Ritzkowski and Stegmann 2013). Therefore, it
shortens the stabilization time of the landfill, making them stable from the biological point of view and
environmentally sustainable. Microbial fuel cell (MFC) is an innovative and emerging technology in
which electrically active bacteria oxidize the organic matter and produce electrical energy. The
advantages of MFC respect the existing on site leachate treatment processes are electrical energy
production, less excess sludge production and the possibility to work at ambient temperature and at low
COD concentrations (Rozendal et al., 2008). Landfill leachate has a high electrical conductivity;
therefore, it is suitable for MFC application (Puig et al., 2011). The application of these technologies to
the landfill would allow the in-situ treatment of leachate, with recovery of minerals and carbon. The
present study was aimed to apply the MFC technology for the old landfill leachate treatment. The MFC
system was integrated with landfill bioreactors and coupled for the first time with in situ-aeration
technique. The experiment was carried out using six Plexyglass® landfill bioreactors with a height of
106 cm and an internal diameter of 24 cm. They were filled by residual fraction coming from the
separate collection of municipal solid waste disposed in the Legnago landfill (VR), Northern Italy.Three
landfill bioreactors were integrated with the MFC system; the others had a traditional configuration and
were used as reference reactors. The MFC reactors (MFC-1, MFC-2, MFC-R) were provided with
electrodes: 40 cm pyrolyzed Arundo Donax L. hollow stick was used as cathode and granular graphite
(Ø 3-8 mm) was used as anode. They were placed inside a plastic net which was in turn disposed
within a HDPE slotted vertical pipe (Ø 75 mm), in the middle of the column. A felt layer separated the
arundo stick from the granular graphite ensuring the electrical insulation of the two electrodes. The
cathode was aerated from the bottom part by means a flexible silicon pipe. The air flowed along the
cathode and reached the top, where it could diffuse through the waste mass. In the reference
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bioreactors (B-1, B-2, B-R), the conductive materials used as cathode and anode were substituted by a
vertical PVC pipe and gravel (Ø 3-8 mm) respectively. During the whole experiment, reactors were kept
at room temperature of 25 ± 2 °C and leachate was recirculated once a week. In MFC-1, MFC-2, B-1
and B-2 leachate recirculation was provided directly in the saturated zone of the reactor, while in MFCR and B-R the recirculated leachate passed through the unsaturated zone of the reactor. This
enhanced the leaching of substances contained in the solid waste. The MFCs run using 100 Ω external
resistor. Cell potential (V) in the MFC circuit was monitored at 20-minutes intervals using a multichannel
data logger. At the beginning of the experiment, 7 L of old landfill leachate were put inside each column.
The experiment lasted one month. In particular, in the first two weeks of the experiment, the
combination of aeration, MFC technology and leachate recirculation through the waste mass in MFC-R
increased the removal efficiency of organic carbon and nitrogen compounds. In MFC-R, COD removal
was about 26 %, whereas TOC about 36 %. In B-R, COD and TOC decreased of about 24% and 12%
respectively. The influence of MFC system on the organic matter removal was evident also in MFC-1
and MFC-2 with respect the reference reactors (reactors B): TOC decreased on average of 13% in
MFC-1 and MFC-2, while it reduced less than 5% in reference reactors. In the second half of the
experiment, MFC technology did not improve the organic matter removal, as can be seen from COD
and TOC analysis. The average COD and TOC removal in MFC-1 and MFC-2 was about 20 % and 6 %
respectively, as low as in B-1 and B-2. These preliminary results pointed out some critical aspects of
the experiment activity, such as the weakness of the cathode material, the great influence of the
leachate recirculation mode on the performance of the whole system and the optimal choice of the
aeration flux required to keep the cathodic compartment aerated. These considerations highlight the
need of slightly modify the configuration of the MFC system within the landfill simulation reactors. First,
more resistant and porous materials for the cathode should be used. Then, leachate recirculation
should not increase the concentration of dissolved oxygen in the anodic compartment; therefore, it
should be carried out directly in the saturated zone of the reactor. Finally, the choice of the optimum
aeration flux have to be further investigated, since it strongly affects the biological removal processes of
the organic matter. Nevertheless, all the critical issues that appeared during the test allowed to acquire
further theoretical and practical skills necessary for a future restart of the test and to undertake a
research topic still not well developed in the framework of municipal solid waste landfill remediation.
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