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ABSTRACT: Landfill mining is currently being carried out at an old uncontrolled landfill in
northern Italy (Landfill L). The excavated waste is destined to disposal in new controlled
landfill sectors in the same site. Some results of a characterization study carried out for
the excavated material are presented, together with an evaluation of the expected
emissions after disposal in the new landfill sectors, in different conditions.
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1. INTRODUCTION
Despite the potential offered by Landfill Mining (LFM) and the increasing interest in the last
decades, the number of full-scale projects has been unexpectedly low so far, mainly due to the
difficulties in proving the economic feasibility.
Based on reports of full scale projects, the following motivations provide sound basis for
the economic sustainability of LFM:
- extension of landfill service life by replacing the old landfill with a new one of the same
surface area with vertical expansion, assuming that only a limited fraction of the excavated
material has to go back to landfill (Back et al., 2000);
- extension of landfill service life by replacing the old landfill with a new one of bigger surface
area: this is feasible even in case of limited reuse of excavated materials (Rossetti et al.,
2004);
- recovery of valuable land for town expansion and/or other activities such as industrial
development, road or railway construction (Cossu et al., 2003; Goeschl and Rudland, 2007);
- extension of the landfill life with recovery of fuel for thermal treatment. This is suitable only
when the same management authority is operating the landfill and thermal treatment plant,
so that no tipping fee is required (EPA, 1997).
Except for specific cases of mono-landfills for industrial waste (Zanetti and Godio, 2006),
LFM activities have not been carried out with focus on resource recovery so far and the very
limited research effort for the enhancement of the recycling potential for the excavated waste
has led to discouraging results; for these reasons, it is not realistic to consider LFM if the main
motivation is material recovery and further research for innovative separation and
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transformation technologies is needed (Krook et al., 2012; Jones et al., 2013).
The trigger for LFM can be the removal of the landfill as a (potential) source of groundwater
and surface water contamination. This would grant a dramatic reduction of the aftercare costs
for the landfill and the avoidance of the unpredictable cost for the possible long long-term
groundwater remediation. However, it is likely that public funding cannot be avoided in this
case (van der Zee et al., 2004; Hull et al., 2005) unless a profitable enough use of the
recovered land is foreseen.
This presentation shows some results of a LFM project, where the motivation for the
excavation is the need to remove an old uncontrolled sector of a landfill, as it is supposed to
be a potential source of contamination for the aquifer. The extension of landfill service life by
building new landfill sectors in the same site enables the economic sustainability of the
project. The excavated material is entirely destined to new engineered landfill sectors, without
any treatment.
Due to expected residual emission potential of the excavated material, the effects of
different management of the new landfill sectors have been evaluated during a research
project, involving the simulation in lab-scale reactors of waste disposal in a traditional
anaerobic landfill and in aerated landfill, with different aeration rates.

2. MATERIALS AND METHODS
2.1 Waste sample
The waste was taken from landfill L (Northern Italy) during a LFM project for the remediation
of the old part of the site (Figure 1), in which waste had been deposited from 1982 to 1990.
Around 400 kg of waste were collected with a digger and put into sealed plastic bins. After
a grain size distribution analysis, performed using 100, 50 and 20 mm mesh size sieves, the
waste composition was ascertained considering the following categories: fines (fraction <20
mm), aggregates, inert materials, wood, metals, plastics, paper and textiles.
A waste characterization for respiration index (RI4), dry matter (DM), TOC and TKN was
carried out before filling the lab scale reactors for the landfill simulation test and at the end of
the experiment.

Figure 1. Landfill Mining at Landfill L, northern Italy
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2.2 Equipment
The lab-scale test was performed using six Plexiglass® reactors (internal diameter 24 cm,
height 106 cm), located in a thermo-insulated environment, where the temperature has been
kept constant at 35° C for the whole experiment.
The top of each reactor was equipped with three valves: one for introduction of deionized
water and recirculation of leachate, one for air injection and one for extraction and sampling of
gas. At the bottom, a valve allowed the extraction of leachate. In the lower part of each reactor,
10 cm of gravel (diameter > 2 cm) were introduced as drainage layer in order to facilitate
leachate collection. A 2 mm grid was positioned below the gravel with the aim to avoid the
clogging of extraction valve.

The leachate was recirculated using a peristaltic pump (Heidolph PD 5001®) and PVC pipes.
Within each reactor, a slotted PVC circular pipe was introduced in order to obtain a homogeneous
distribution of water over the waste mass.
During the aeration phase, air was introduced in reactors using Prodac Air Professional pumps
360®, whereas airflows were regulated with Sho-Rate GT1335® flowmeters. The transport of air
within the system was performed using a PVC slotted tube positioned at the centre of each reactor.
During the anaerobic phases, produced biogas was collected into 10L Restek® bags and gas
volumetric composition, in terms of CH4, O2 and CO2, was daily measured using an infrared
analyser (LFG 20 – Landfill Gas Analyzer).
2.3 Methodology
The material was manually compacted by layers into the reactors. Because of the high
percentage of fine fraction, it was possible to reach a density close to 1 Mg/m3, simulating the
situation present in the landfill.
Water was added into the reactors until the field capacity of waste was reached.
Furthermore, an additional quantity of water was injected into the reactors, to end up with 2.5
L of leachate in the collection tank, to be used for characterization and recirculation.
After the filling, reactors remained sealed, without aeration, until day 50 of the experiment
(phase 1), in order to reproduce conditions similar to those present at the landfill site. At day
51, aeration started in five reactors named A0.3, A0.5, A0.8, A1.0, A1.2, where the number after
the A is the aeration rate in the reactor, expressed in NL/h. Aeration lasted for 103 days (phase
2). Reactor An was maintained under anaerobic conditions, as a control. During the first two
weeks of aeration, an aeration rate of 1 NL/h was set in all aerated reactors, in order to study
the oxygen demand of each system. Subsequently, each reactor was used to simulate a
different condition. Leachate recirculation was applied at the rate of 2.5 L/d. At day 154,
aeration was switched off in all reactors, and their evolution under anaerobic conditions was
analysed, in order assess long-term emissions (phase 3).
Leachate samples were weekly collected (approximately 300 ml), to perform the analysis of
pH, redox potential, conductivity, alkalinity, TOC, N-NH4+, N-NO2-, N-NO3-, TKN, SO42- and Cl-. Due
to the slow variation, COD and BOD5 were analysed on a monthly basis.

3. RESULTS AND DISCUSSION
The results of grain size distribution and composition analysis of the excavated waste are
reported in Table 1 and Figure 2. Table 2 and Table 3 report some data of solid samples
analyzed prior and at the end of the experiment. Figure 3 and 4 report an example of how the
different aeration rates affected leachate and process gas composition in the reactors.
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Table 1. Grain size distribution and composition analysis of the excavated waste

Sieve (mm)

100

50

20

Total

Unit

kg

kg

kg

kg

%

Fines (<20 mm)

˗

˗

˗

189.36

58.90

Aggregates

11.68

1.38

3.36

16.42

5.10

Inert materials

19.71

8.55

17.31

45.57

14.20

Wood

1.22

1.31

1.51

4.04

1.30

Metals

0.97

1.16

0.87

3.00

0.90

Plastics

28.71

9.25

7.42

45.38

14.10

Paper

3.71

3.19

3.47

10.37

3.20

Textiles

4.10

1.90

1.10

7.10

2.20

Total mass per sieve (kg)

70.10

26.74

35.04

Total waste mass (kg)

Figure 2. Composition of waste extracted from Landfill L.

321.24
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Table 2. Initial characterization of the solid waste

Parameter
Mass (kg)
Moisture content (%)
TKN (mgN/kgDM)
TOC (%DM)
TOC (gC)
RI4 (mgO2/gDM)

A0.3
33.0
21.6
2166
1.66%
460
1.10

A0.5
35.3
21.6
2166
1.66%
429
1.10

A0.8
35.6
21.6
2166
1.66%
462
1.10

A1.0
34.0
21
2166
1.66%
404
1.10

A1.2
32.1
22.3
2166
1.66%
438
1.10

An
30.8
23.0
2166
1.66%
411
1.10

A0.8
35.6
17.0
1532
1.82%
538
0.53

A1.0
34.0
18.7
1442
0.91%
252
0.66

A1.2
32.1
16.2
1253
1.19%
321
0.57

An
30.8
16.6
1988
1.53%
393
0.58

Table 3. Final characterization of the solid waste

Parameter
Mass (kg)
Moisture content (%)
TKN (mgN/kgDM)
TOC (%DM)
TOC (gC)
RI4 (mgO2/gDM)

A0.3
33.0
18.8
1537
1.53%
410
0.75

A0.5
35.3
21.06
1449
2.65%
735
0.54

Figure 3. Evolution of Ammonia Nitrogen in the leachate extracted from the landfill simulation reactors.

SUM2018 / 4TH SYMPOSIUM ON URBAN MINING AND CIRCULAR ECONOMY / 21-23 MAY 2018 / BERGAMO, ITALY

Figure 4. Evolution of Methane concentration in the process gas from the landfill simulation reactors.

Although the biological stability of the excavated waste can be considered good, based on
the value of the respiration index, slightly above 1 mgO2/gDM and lower that reference
values available in the literature (Laner et al., 2012), the emissions in leachate cannot be
considered negligible.
As an example, ammonia nitrogen concentration reached values between 800 and 1000
mg/L in the first anaerobic phase in the reactors. Differences in the evolution of ammonia
nitrogen were observed in the different reactors. A slight decrease in ammonia
concentration occurred in the anaerobic reactor An, mainly due to dilution; however,
possible effects of further ammonification are visible, as the concentration is still above
600 mg/L after 1 year. Ammonia concentration decrease in A0.3 is much slower than in
other reactors where flow rates higher than 0.3 NL/h were used. In all aerated reactors,
ammonia concentration reached negligible values in leachate after 3 months. However, a
significant rebound effect was observed for ammonia concentration in A0.3 and A0.5,
which reached values above 100 mg/L a few months after anaerobic conditions were
restored to simulate the end of in situ aeration.
Biogas quality was very different in the first anaerobic phase in the reactors, probably
due to unexpected differences in waste composition in the reactors and possibly to
difficulties in keeping the reactors sealed. During the aeration, the presence of methane in
the extracted gas was still observed in A0.3. After the end of the aeration, methane
production started again in A0.3, A0.5 and, to a more limited extent, in A0.8.
The influence of the aeration rate on short and long term emissions is clear. Based on
waste characteristics, emplacement conditions and the results obtained, it could be
possible to provide an estimation of the optimal aeration rate. Further details on this,
including the evolution of other parameters and mass balances, will be provided in the
presentation and in the full paper which will be submitted to Detritus journal.
4. CONCLUSIONS
Based on the outcomes of the experiments it is clear that the excavated material from this
LFM project, which is destined to further disposal in landfill, still has a significant emission
potential, despite the very low value of the RI4 which suggests a good biological stability.
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The disposal in aerated landfill sectors seems to be a sound solution to reduce
emission both in the short and long term.
However, the aeration rate should be properly calculated, as rebound effects have been
observed after the end of the aeration phase in some of the reactors, where the flow rates
applied were probably too low.
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