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Abstract: Two pilot-scale tests were carried out to assess if biodrying could be an effective process
for the treatment of light fraction produced by an hydromechanical pre-treatment in an anaerobic
digestion plant. The trials were performed using two pilot-scale stainless steel cylindrical reactors of
750 L capacity. Two tests were performed: in Test 1, only the light fraction was used; in Test 2, the
light fraction was mixed with a bulking agent composed of garden and pruning waste. In Test 2, the
highest temperature (71 ◦C) in a short time (8 days) was reached. An average water content reduction
of 78% in Test 1 and 61% in Test 2 was measured, leading to similar reductions of weight (47–48%)
and volume (27–29%). A high biological stability was measured on the final light fraction samples
collected from both the tests. Furthermore, the lower heating value obtained after the biodrying
treatment complies with the quality specification of the European standard on refuse-derived fuels.

Keywords: biodrying; municipal solid waste; light fraction; anaerobic digestion; refuse-derived fuels;
biostabilization; pre-treatment

1. Introduction

In order to achieve sustainable low-carbon development, both the Circular Economy Action
Plan and the Bioeconomy Strategy [1] are the cornerstones of European policy today. In particular,
the circular economy package aims to close material cycles by promoting recovery and reducing
environmental pressures [2]. The current EU strategy on municipal solid waste (MSW) management
recommends prevention and reduction of waste, reuse of products, recycling and recovery of materials,
energy recovery and finally landfilling. Besides, in order to reduce environmental impacts of landfill,
the EU Landfill Directive [3] strives to reduce the amount of the biodegradable MSW disposed in
landfills [4].

These policies have promoted the development of biological treatments as a suitable alternative
for transforming organic waste into suitable agricultural products [5]. It is estimated that in 2018
about 43 million tons of MSW were treated in composting or anaerobic digestion plants, an increase of
3% of the quantity treated in 2017 [6]. Among the biological treatments, anaerobic digestion (AD) is
frequently the most cost-effective due to the high energy recovery linked to the process and its limited
environmental impact [7,8].

Whatever the technology used for the digestion, typically some pre-treatments are needed to
remove contaminants from the inlet waste. Several systems can be used, depending on the inlet
waste characteristics and digestion technology (dry or wet processes): Separation by gravity (pulper),
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separation by size (sieves) and separation in presses are usually used. Generally, light materials, such
as plastic bags or packaging together with the organic fraction wrongly removed, are the major part of
the residues from pre-treatments. As stated by Drennan and DiStefano [9] regarding the processing of
solid-phase residue from the digesters, the management of the reject streams from the pre-treatment
also brings additional initial and annual costs. However, despite the treatment of AD residues carrying
a significant cost, limited reports on this issue exist.

Biodrying is a technology in which the thermal energy, generated by aeration degradation of
organic matter in waste, is used to evaporate water [10] at the lowest possible residence time and with
minimal biodegradation; hence, preserving most of the gross calorific value of the waste matrix [11].
Indeed, other research has demonstrated that biodrying can be useful in order to achieve a high
reduction of volume and mass of solid waste, rendering it more suitable for short-term storage and
transport, both partially biostabilizing the waste and by reducing its moisture below the necessary
threshold for biodegradation to occur [12]. Despite biodrying remaining a relatively new technology
and that published research is limited [13], full-scale and laboratory-scale applications were done
testing several matrices: MSW [10,14–16]; landfilled waste [17]; gardening waste [12]; and sewage
sludge from wastewater treatment, pulp and paper mixed sludge and dairy manure [18–21]. However,
to our knowledge, this is the first study on this reject stream.

In the case of our study, a significant amount of light fraction (LF) is produced by an
hydromechanical pre-treatment in an AD plant. This material, that is currently landfilled, is mainly
composed of plastics, bioplastics and organic matter. In particular, the presence of bioplastics, that
absorb more water during the treatment compared to normal plastic films, has led to significant
increases in disposal cost [22]. The main aim of this work was to characterize this material and to
evaluate suitable treatments to reduce disposal costs and enhance the overall efficiency of the AD plant
with respect to the European priorities in waste management. After the LF characterization, some
pilot-scale tests were carried out to assess if the LF can be biodried.

The main objective of the trials performed was to study if the LF can maintain biodrying processes,
considering that the amount of biodegradable organics could be a limit [23] and that organic waste
samples with moisture below 35% on a wet weight basis are biologically inactive [24]. In order to
evaluate the possible efficiency of a Waste-to-Energy treatment for the biodried LF, the moisture and
the low heating value (LHV) were evaluated [25] according to the definition of solid fuel prepared
from non-hazardous waste to be utilized for energy recovery in incineration or co-incineration plants,
and meeting the classification and specification requirements laid down by CEN TS 15359:2010, as a
European standard on refuse-derived fuels (RDF) [26].

2. Materials and Methods

2.1. LF Characteristics and Sampling

LF was obtained from an AD plant in northern Italy. It was produced by a hydromechanical
pre-treatment of source-sorted organic fraction and commercial residues (dairy and baking industry,
food industry and processing of editable oils and fats). In the pulper the feedstock was added to
the pre-filled process water and a high turbulence, created by a mixer, separated the waste mixture
into fractions. In this way, non-soluble organic components were reduced to fibers and brought into
suspension. The organic suspension was pumped through an internal sieve with a 10 mm mesh size
toward further pre-treatments. Process water was added within the pulper to dilute and wash the
contaminants, with those bigger than 10 mm remaining, creating a low viscosity suspension in which
heavy materials settle on the bottom while light materials are skimmed off on the top. In this case study,
it was estimated that the LF produced by the pre-treatment is about the 8% of the pulper inlet waste.

For this research, seven production lots of LF were sampled directly at the plant, for a total weight
of about 760 kg. From the lots, for trial purposes about 350 kg were used. A sub-sample of about 50 kg
was utilized for preliminary analysis.
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In order to ensure the representativeness of the LF samples used in the research activities, the
evolution of the total solid content (TS) of this material was studied for more than two years before the
starting of the project (Figure 1). The analysis indicated an average TS of 45.54% weight/weight (w/w)
and a standard deviation of 5.45%. Since the average TS of the samples collected for the research was
in this range (48.68% ± 1.98% w/w), these samples were considered representative of the LF produced
and have been used in the trials.
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2.2. Experimental Equipment

The trials were performed using two pilot-scale stainless steel cylindrical reactors of 750 L capacity
(height 148 cm, internal diameter 80 cm). The biodrying reactors were externally covered with
elastomeric insulation sheets of 3 cm thick. Within the reactors, LF samples were carefully placed,
limiting the material compaction on top of a perforated stainless-steel plate. Underneath this plate,
there was a free volume (height 30 cm) for a more homogeneous air distribution and leachate drainage
(Figure 2).

Since the aim of the trials were to test a relatively simple technology, the reactors were installed
uncovered outside, under a roofing to protect the material from rains. The environmental conditions
(atmospheric pressure and temperature) were monitored during the tests.

Two tests were performed: in Test 1, only LF was used; in Test 2, the LF was mixed with bulking
agent (garden and pruning waste, chosen for its wide availability) with a volume ratio of 1:1. Bulking
agent was used to promote the airflow through the wastes and facilitate the aerobic oxidation [12].

In Test 1, the reactor was filled with about 197 kg of LF while the reactor used in Test 2 was filled
with 162 kg of the LF and 10 kg of the bulking agent. The samples were filled up to a height of about
100 cm, leaving 18–15 cm of headspace in both the reactors.

In both the trials, air was forced from the bottom by means of a mini compressor (FORTEK
COMPR. FO 1/6, Bottarini, Varese, Italy) and variable area flow meters were used for flowrate control
(FR2000, Clarck Solution, Hudson, MA, USA). Test 1 and Test 2 were conducted for 35 days. Since the
study of the optimal process parameters was not of interest and the main objective of the research was
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to test the suitability of the biodrying process in the case of this study, in the tests continuous airflows
were used (40–0.l/min) (Table 1).

Processes 2020, 8, 276 4 of 13 

 

aeration necessary for effective drying. The composition of the gas in the reactors (concentrations of 
methane, carbon dioxide and oxygen) was periodically measured using a portable infrared gas 
analyzer (Ecoprobe 5, RS Dynamics, Praha, Czech Republic) integrated with an oxygen analyzer. 
During the trials, the measured oxygen concentrations were always above 10% (data not shown). 

 
Figure 2. Scheme of the pilot-scale biodrying reactors. 

Table 1. Summary of the airflow rates and LF samples’ physicochemical characteristics. 

 Test days 
Airflow rates TS VS pH C/N 
(L h-1 kg dw-1) (% w/w) (% w/dw)  (% w/w) 

Initial 0 - 48.49 ± 1.98 90.95 ± 3.51 4.47 21.4 

Test 1 

0–7 24.9 51.51 91.95 6.38  
7–14 24.9 64.04 92.88 7.77  

14–21 18.6 65.45 91.09 7.84  
21–28 12.4 60.87 92.39 7.53  
28–35 0.0 88.92 ± 5.75 89.03 ± 4.80 7.55 10.8 

Test 2 

0–7 28.5 47.76 94.18 6.49  
7–14 28.5 43.70 89.44 8.68  

14–21 21.4 82.56 89.39 7.41  
21–28 14.2 75.76 86.63 8.50  
28–35 0.0 79.97±13.12 80.25 ± 5.48 7.51 15.8 

2.3. Data acquisition and samples analysis 

The temperature in the LF mass was monitored using two K-type thermocouples at 30 cm and 
55 cm of depth. As the reactors were outside, the external temperature and atmospheric pressure 
were also measured (barometric pressure transducer, Delta Ohm-HD 9908 BARO, Padova, Italy). 
Data were logged every 5 min using a programmable automation controller (Compact Field Point, 
National Instrument Inc., Austin, TX, USA). 
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Table 1. Summary of the airflow rates and LF samples’ physicochemical characteristics.

Test Days Airflow Rates TS VS pH C/N
(L h−1 kg dw−1) (% w/w) (% w/dw) (% w/w)

Initial 0 - 48.49 ± 1.98 90.95 ± 3.51 4.47 21.4

Test 1

0–7 24.9 51.51 91.95 6.38
7–14 24.9 64.04 92.88 7.77

14–21 18.6 65.45 91.09 7.84
21–28 12.4 60.87 92.39 7.53
28–35 0.0 88.92 ± 5.75 89.03 ± 4.80 7.55 10.8

Test 2

0–7 28.5 47.76 94.18 6.49
7–14 28.5 43.70 89.44 8.68

14–21 21.4 82.56 89.39 7.41
21–28 14.2 75.76 86.63 8.50
28–35 0.0 79.97 ± 13.12 80.25 ± 5.48 7.51 15.8

The airflow rates were controlled even if, as observed by Velis et al. [13], the oxygen stoichiometric
demand for aerobic decomposition is satisfied by oxygen provided by the high aeration necessary
for effective drying. The composition of the gas in the reactors (concentrations of methane, carbon
dioxide and oxygen) was periodically measured using a portable infrared gas analyzer (Ecoprobe 5, RS
Dynamics, Praha, Czech Republic) integrated with an oxygen analyzer. During the trials, the measured
oxygen concentrations were always above 10% (data not shown).

2.3. Data Acquisition and Samples Analysis

The temperature in the LF mass was monitored using two K-type thermocouples at 30 cm and
55 cm of depth. As the reactors were outside, the external temperature and atmospheric pressure
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were also measured (barometric pressure transducer, Delta Ohm-HD 9908 BARO, Padova, Italy). Data
were logged every 5 min using a programmable automation controller (Compact Field Point, National
Instrument Inc., Austin, TX, USA).

To estimate the volume reduction, the levels of LF from the top of the reactors were measured
weekly. The weight reduction was calculated as the difference between the sample weight before and
after the tests. The leachate production was also checked once a week, in order to collect and analyze
possible drained water. However, in both the tests, no production of leachate occurred.

Additionally, LF samples were collected weekly from the reactor through sampling ports at 50 cm
and 80 cm of depth, to measure TS, volatile solid content (VS) and pH. Since it was not possible to
extract excess material during the tests, two equal aliquots of LF were collected from the sampling
ports and mixed to obtain a single sample of about 120 g.

TS and water contents were measured following the standard method, by weighing the samples
before and after drying at 105 ◦C for 24 h until a constant weight. VS was measured as loss of ignition
at 550 ◦C. The pH of the water suspension of the samples was determined according to the method in
ANPA 2001 [27]. TS, VS and pH were measured also before and after the biodrying tests, using three
aliquots of about a kilogram each. At the end of the trials the LF was sampled from different heights in
order to verify the presence of moisture gradients inside the reactors. For the determination of the
efficiency of the simulated biodrying process, from the measurements of VS, the initial and the final
carbon contents were calculated using a factor of 1.83, according to Barrington et al. [28].

In addition, the C:N ratio, the material compositions, the biological stability and the energy
content of the initial and final LF were evaluated. The total organic carbon and the total nitrogen to
calculate the C:N ratio were determined by an external laboratory according to an Italian and European
analysis method for fertilizer (Ministerial Decree 19 July 1989, Second Part and Regulation 2003/2003,
Annex IV, Method 2.3) [29]. For the material composition analysis, a sample of about 25 kg was sorted
using a sieve with a 10 mm mesh into a fine fraction (<10 mm) and an over-screen fraction (<10 mm).
The over-screen materials were further divided into textiles, compostable fractions (mainly residual
food waste), plastics (e.g., food packaging and plastic bags), compostable plastics and non-compostable
materials (e.g., rubber, glass and inerts).

As a measure of biological stability, both the Real Dynamic Respiration Index (RDRI) [30] and
the biogas production (gas generation sum) under anaerobic conditions in 21 days (GB21) [31] were
measured. The RDRI was determined according to the standard procedure UNI/TS 11184:2016, using
an adiabatic dynamic respirometer (Respirometer 3024, Costech International, Milano, Italy). The GB21
analysis was done in duplicate using a modified manometric method [32]. More details on the GB21
determination method can be seen in Pecorini et al. [33–35].

The biodrying efficiency was determined according to Huiliñir et al. [20] from the
following equation:

η = 1−
Total carbon loss
Total water loss

(1)

where the total carbon loss is the difference between the initial and final carbon content in the sample
(w/dw) and the total water loss is the difference between the initial and the final water content of the
sample (w/w).

To assess the energy content variation, the low heating value (LHV) of the LF before and after the
trials was measured, according to the standard UNI 9903-5:1992.

3. Results and Discussion

3.1. Biodrying Temperature Evolution

The results of some studies are in contrast regarding the optimal temperature range during
drying. Some modeling studies indicate that the optimal range for maximum moisture removal
is approximately the peak biodegradation rate temperature, while experimental studies indicate
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maximum drying for lower temperatures that slow down biodegradation. [13]. In the study case,
considering the high presence of plastics (high LHV), the main goal of the simulated biodrying process
was to maximally exploit temperature developed by the aerobic degradation of the organic fraction
contained in the LF, in order to dry the other materials and reduce the sample weight as water loss.
To do this, three airflow rates were set and the evolution of the matrix temperature and the reduction
of moisture content of the samples were studied (Table 1).

In Test 1 (Figure 3) the internal temperature reached three peaks of 63 ◦C, 64 ◦C and 59 ◦C after 8,
14 and 20 days, respectively. After 20 days the temperatures gradually decreased, probably together
with the microbial activity. The temperatures recorded by the upper probe (30 cm of depth) were
lower than those recorded at the bottom (55 cm of depth) but showed a similar trend. A maximum
difference of 8 ◦C was measured, lower than in other studies in which higher temperature gradients
were found (about 30 ◦C) during the initial high-microbial activity phase [14,15]. Therefore, in the case
of this study, it is supposed that the gradient of temperature was due to the external conditions on
the upper temperature sensor rather than to the heterogeneity of the simulated biodrying processes.
The temperatures measured in the reactor were affected by the day–night cycle of external temperature
that caused tiny variation of the internal conditions.
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In Test 2 (Figure 4), in which bulking agent was added to the LF, the temperature of the biomass
reached a maximum of 71 ◦C after 8 days. After the first week, the temperatures slowly decreased.
In this case, the presence of two different materials in the reactor led to higher heterogeneity and a
higher temperature difference was measured between the top and the bottom of the reactor (maximum
of 15 ◦C). In Test 2, the internal temperatures were also disturbed by the day–night cycles.
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The daily average temperatures of the LF showed a similar evolution in Test 1 and Test 2: Significant
increases were detected during the first 9 days followed by slow decreases in which temperatures
ranged between 65 ◦C and 45 ◦C. However, in Test 2, the highest temperature (71 ◦C) in a shorter
time (8 days) was reached (Figure 5). According to the classification proposed by Sharara et al. [21],
the airflow rates used in the trials correspond to medium–low aeration levels. The temperatures
reached in the tests confirmed the results of previous studies performed with other substrates, in which
peaks of temperature were detected with the lower airflow rates, comparable to those used in this
study [12,20,21]. However, the temperature evolution detected in this work was different from those
reported in the literature. The biomass temperature in both the tests increased to higher values in
a longer time: 8–9 days instead of 24 h [20,21,36] or a few days [12]. In addition, the temperatures
decreased slowly, remaining high (65–45 ◦C) for a longer time, probably because of the airflow rate
reduction done from the 14th day. Besides low airflow rates used, also the large amount of LF used in
the trials and its characteristics could explain these differences.

In similar studies on biodrying of MSW, it has been demonstrated that a lower biomass temperature
(45 ◦C) and higher flow rates (23 m3 Mg TS h−1) allowed fast biodrying, limiting VS degradation
and saving energy content [16,30]. In the case studies cited above, the average airflow rates used to
maintain the lower biodrying temperatures (45 ◦C) were similar to those used in this work, in which,
however, the biomass temperatures achieved were higher. This lead to suppose that the characteristics
of the LF, such as the content of the easily degradable organic fraction and initial moisture, allow to
produce heat and to maintain the biodrying process.
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3.2. Moisture, VS and Volume Reduction

The moisture content of the waste matrix is the single most important variable for evaluating the
performance of biodrying processes [13]. As reported in Table 1, the TS increased during the simulated
biodrying process. The average initial water content of the LF dropped from 51.51% w/w to 11.08% w/w
in Test 1 and 20.03% w/w in Test 2. The high standard deviation of the final water content of the LF from
Test 2 suggest the presence of moisture gradients in the rector, probably because of the heterogeneity of
the tested material (LF and bulking agent), as confirmed by the internal temperatures. In particular,
the LF sampled from the top of the reactor was more humid than the sample from the bottom, with a
TS of 66.85% w/w and 93.09% w/w, respectively.

The values of the TS and VS of the samples collected during the trials did not allow identifying
a clear trend, probably because only small samples of the LF from the fixed sampling ports could
be collected. However, considering the average values, the initial and final TS showed a significant
reduction in the water content of the samples; about 78% in Test 1 and 61% in Test 2. It should be
underlined that, in both the tests, no production of leachate was detected. Similar moisture reduction
rates were found in the literature, even if the final moisture content in Test 1 was lower compared
to other studies, probably because of the longer duration of the trials and the presence of a higher
temperature in the reactor for more days. In Zawadzka et al. [36] the initial moisture content of organic
waste decreased by 50% while in Adani et al. [14] the total mass balance indicated water total losses
from 40.9% to 66.7% in the MSW samples used in the trials. Comparing the results obtained in the two
trials, suggests that the presence of the bulking agent in the LF samples led to the higher final water
content, even if the variability of this data was already discussed. Colomer-Mendoza et al. [12], who
studied the effect of airflow on biodrying of gardening waste, obtained opposite results, since a higher
moisture decrease occurred in the reactors with a bulking agent.
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The initial VS was 90.95% weight/dry weight (w/dw). Reductions of VS of about 2% (not
statistically significant) and 12% were measured in Test 1 and Test 2, respectively, confirming that
a higher temperature caused a higher decomposition of the organic matter [14]. Furthermore, as
supposed by Sugni et al. [15] based on their results, the greatest decrease in VS in Test 2 probably
occurred because of the lower water loss and so the preservation of microbial activity. Furthermore,
since the goal of the biodrying process is a reduction of water with minimum VS reduction [20], it can
be concluded that this was achieved mainly in Test 1. This result was confirmed by the calculation of
the biodrying efficiency. The estimated efficiencies were 0.97 for Test 1 and 0.81 for Test 2, similar to
values reported in the literature for biodrying processes [20,37].

The results of the study of the LF composition are shown in Table 2. In order to investigate the
effect of the biodrying process on the several materials present in the LF, the material fraction analysis
was repeated on a sample from Test 1, in which a higher water content reduction was detected.

Table 2. Material composition analysis.

Material Fraction

LF Initial LF Final (Test 1)

Composition TS Composition % TS Composition
(% w/w) (% w/w) (% w/dw) (w/w) (% w/w) (% w/dw)

Plastics 4 71.36 6 7 76.08 8
Compostable plastic 17 70.85 24 19 69.31 20

Compostable fraction 51 42.31 43 24 65.93 24
Non-compostable fraction - - - 9 76.34 11

Textiles 6 52.47 6 6 61.22 6
Fine fraction (<10 mm) 22 48.24 21 35 58.03 31

The compostable fraction, in the most part residual food waste, was the predominant fraction,
followed by the fine fraction. In these two fractions the highest water contents were detected
(57.59% w/w and 51.76% w/w, respectively). Among the plastics, mainly packaging and plastic bags,
a significant amount of compostable plastic was found (17% of the total sample), probably used for
food waste collection. Contrary to expectation, no significant difference in terms of moisture content
was found between conventional and compostable plastic. In the initial LF sample, the weight of the
non-compostable fraction was negligible.

The highest moisture reduction due to biodrying was detected in the compostable fraction
(40.94%). In addition to the compostable plastic, for the other fractions significant reductions were
also found. Due to moisture evaporation and thus weight reduction, the LF composition changed
after the trial. In particular, in the same amount of the analyzed sample, the weight of the plastics and
of the fine fraction increased by 75% and the 59%, respectively, while the weight of the compostable
fraction decreased by 53%. Contrary to the initial one, in the final sample a significant amount of
non-compostable plastic was detected.

Comparing the composition of the LF on a dry basis before and after the test, a general reduction
in the biodegradable fractions (compostable fraction and bioplastics) can be observed. This is probably
due to degradation processes that led to mass loss (VS reduction) and size reduction, as confirmed by
the increase in the fine fraction.

The most significant volume reduction (Figure 6), detected during the first 14 days in both the
tests, was probably due to a natural auto-compaction effect. At the end of the trials, the volume of
biomass was reduced by 28% in Test 1 and 29% in Test 2. In addition, a significant reduction in the
sample weight, measured as the difference between the initial and final weight, occurred. A weight
loss of 48%, probably due to moisture reduction, was estimated in Test 1. Despite the higher water
content reduction achieved in Test 1, a similar weight loss was found in Test 2 (47%). These values were
lower than the final weight loss reported by Colomer-Mendoza et al. [12] in trials with and without a
bulking agent.
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3.3. pH and C:N Ratio

The pH of the LF measured during the trials and the C:N ratio of the initial and final samples are
presented in Table 1. The initial LF sample had a relatively low pH (4.47) probably due an anaerobic
intermediate temporarily developing during storage and transport. In Test 1, the pH increased to 7.84
in the first 21 days then it remained constant, close to 7.5, a typical value for mature compost. In Test 2,
a higher pH was measured (8.68), starting from the second week of aeration, while the pH of the final
LF sample was also 7.51 in this case.

The C:N ratio decreased from 21.4 to 10.8 and 15.8 at the end of Test 1 and Test 2, respectively.
Other authors also report a reduction in the C:N ratio during the biodrying process. Both the initial and
the final C:N ratios were lower than those showed by Navaee-Ardeh et al. [18], who, however, used a
different substrate (mixed sludge from a wastewater treatment plant). Similar C:N ratios are presented
by Abdullahi et al. [38] in the study of aerobic post-treatment of the anaerobically digested waste.

3.4. Biological Stability

As expected, the values of the biological stability indicators of the final samples were lower
than in the initial sample. In particular the RDRI decreased from 1900 mg O2 kg VS−1 h−1 to
1060 mg O2 kg VS−1 h−1 in Test 1 and 839 mg O2 kg VS −1 h−1 in Test 2. Similarly, the initial sample
had a GB21 of 316 ± 74 NL kg VS−1, while a biogas production of 194 ± 12 NL kg VS−1 and
167 ± 16 NL kg VS−1 was measured for samples from Test 1 and Test 2, respectively. In both the trials,
a high biological stability was achieved and in Test 2 a higher biomass decomposition occurred, since
in Test 2 a lower RDRI and GB21 were measured.

The stabilization of the organic fraction in the LF obtained with the simulated biodrying process is
an important result in order to effectively comply with the Landfill Directive, reducing landfill impacts
such as biogas production, odors and greenhouse gas emissions, as well as leachate production.

In Tambone et al. [16], who investigated the effects of the biodrying process on MSW in a full-scale
plant, compared to the RDRI of the initial LF sample measured in this work, lower values were detected
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for the untreated MSW sample, probably because the microbial activity was found to be limited by
the initial moisture content. Regarding the samples after biodrying, the RDRI values of the final LF
samples were higher than the values that they found for the treated MSW, but in the same range of the
DRI determined under optimal conditions (Potential Dynamic Respiration index).

3.5. Lower Heating Value

The initial LHV of the LF was 10,455 ± 331 kJ/kg. A final LHV of 22,462 ± 661 kJ/kg was measured
for Test 1, corresponding to an increase of 115%. Since in Test 2 a lower moisture reduction and higher
organic fraction loss were detected, a lower LHV was found (18,041 ± 744 kJ/kg).

Comparing these results with the LHV of the untreated MSW and biodried samples collected
directly from a full-scale plant [16], it can be noticed that despite a lower initial LHV, the final LHV
achieved in this work was in the same range (18,700–25,800 kJ/kg). The initial and the final LHV of the
garden waste measured in Colomer-Mendoza et al. [12] were lower than those presented in this work,
but higher increases were obtained in their trials.

The LHV obtained after the biodrying treatment complies with the quality specification of the
European standard on refuse-derived fuels (RDF). In particular, considering the LHV obtained, the LF
may be considered as an RDF of Class 3 to 1 [39]. Furthermore, since the material fraction analysis
showed that the LF is mostly composed of an organic fraction and plastic food packaging, it is possible
to suppose that the concentrations of chlorine and mercury are negligible.

4. Conclusions

A significant amount of light fraction is produced by hydromechanical pre-treatment in an AD
plant. This material is currently landfilled, leading to high disposal costs and impacts. Two pilot-scale
tests were carried out to assess if biodrying could be an effective process to enhance the overall
efficiency with respect to the European priorities in waste management. The result showed that a
high weight reduction (47–48%) due to moisture loss and an increase in biological stability could be
achieved. Moreover, the light fraction obtained after the biodrying process could be used for energy
recovery as refuse-derived fuels; in fact, the low heating value obtained after the biodrying treatment
complies with the quality specification of the European standard on refuse-derived fuels. In conclusion,
drying proved to be a useful treatment applicable to the light fraction from pulper pre-treatment of the
organic fraction of municipal solid waste. This first study on light fraction biodrying has demonstrated
the feasibility of this process on this specific substrate and encourages future investigations that could
investigate the quality of emissions produced by biodrying, or in energy terms the energy loss since
the organic material converts to gases.
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