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Abstract

Anaerobic digestion (AD) is a well-established process for the treatment of a wide variety of solid organic substrates, includ-
ing the organic fraction of municipal solid waste (OFMSW). At industrial scale, the mechanical pretreatment is a fundamental
step to reduce OFMSW particle size and to promote the hydrolysis within the subsequent AD process. Among the mechanical
pretreatment technologies, press-extrusion has recently raised great interest for its possible application to either enhance the
organic load to the digester or improve the overall process stability and methane yields. Aim of this study was in assessing
the potential of the press-extrusion pretreatment to improve the performance of OFMSW anaerobic degradation. Batch tests
were set up according to a full factorial design of experiments to assess the significance of the main operating parameters.
The statistical analysis of results addressed further tests, carried out under semi-continuous feeding mode, to better discuss
the possible application of press-extrusion for the greatest valorization of OFMSW under anaerobic conditions.
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Introduction

The organic fraction of municipal solid waste (OFMSW)
represents one of the most abundant biomass worldwide. In
the European Union, it basically refers to household like-
biodegradable waste and its yearly production accounts for
approximately 140 Mt [1]. Due to its high moisture content
and biodegradability, OFMSW has been traditionally han-
dled via biological processes, including anaerobic digestion
(AD).

AD consists of complex biological reactions, occurring in
series and carried out by different microbial groups. During
the process, the organic substrate is converted into inter-
mediate compounds; these are further degraded to generate
a gaseous mixture, mainly composed of methane and car-
bon dioxide, which can be upgraded and destined to energy
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production [2]. The generation of intermediates makes
OFMSW an attractive substrate for the production of dif-
ferent chemicals of industrial interest. In this view, several
studies are being directed towards the possible generation
of lactic acid [3], biofuels [4], polyhydroxyalkanotes [5]
and other value added products pursuing the valorization of
OFMSW in a biorefinery context.

Industrial AD processes are largely applied to treat
OFMSW, with the main aim of producing methane to be
used for energy generation. A residual effluent, namely the
digestate, is generated as well and it is applied on soil due
to its fertilizer properties. In this regard, AD represents the
OFMSW treatment option that better implements the prin-
ciples of the circular economy, which pursues the extensive
recovery of residual streams as well as the minimization of
disposal. The identification of suitable strategies to enhance
AD performances is thus fundamental, standing as a focus
area of great scientific and technical interest.

It is well known that the mass transfer in each biologi-
cal step highly influences the production of methane [6]:
the hydrolysis of the complex macromolecules into soluble
monomers represents, in particular, the rate-limiting phase.
Appropriate pretreatments are thus necessary to improve
the quality of the substrate fed to the digesters. Different
processes have been considered, including chemical [7,
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Fig. 1 Schematic representation of a press-extrusion device

8], physical [9, 10] and biological [11, 12] ones, as well
as their combination [13, 14]. Among these pretreatments,
mechanical technologies are those commonly applied at full-
scale, with the main aim of reducing OFMSW particles at
a size compatible with the microbial attack in the digester.
In the last decade, the full-scale mechanical pretreatment of
OFMSW has also relied on press-extrusion, which is turning
to be very promising. The process is based on the applica-
tion of a very high pressure to the organic waste, previously
fed to an extrusion chamber fitted with holes [15] ranging
between 8 and 12 mm. As schematically represented in
Fig. 1, the applied pressure squeezes the waste out of the
chamber through the holes, forming a liquid fraction (LF),
with a moisture content of around 80-85%, which can be
used for AD. The portion of the input waste retained in the
chamber constitutes a dry, solid fraction, where the impuri-
ties and fibre-based components tend to concentrate. Due
to its high carbon content, this solid fraction can be either
addressed to solid-state biological treatments or used within
thermal processes.

Scientific reports show that the distribution of the input
organic fraction between the liquid and the solid phases
depends on the type of extruder as well as on the waste char-
acteristics. Nevertheless, the liquid fraction may represent
up to 80% of the incoming organic solid waste.

The press-extrusion promotes the reduction of OFMSW
particle size as well as the solubilisation of the organic
material, so that an improvement of the biodegradability is
pursued as well [6, 16]. Depending on the intensity of the
mechanical stress induced by extrusion, the thermal degra-
dation of sugars and amino acids can also occur [16]. How-
ever, recent studies have shown that pressure values above
40 MPa determine excessive solubilisation. This results, in
turn, in the formation of organic acids hindering the diges-
tion process [6]. The press-extrusion pretreatment generates
an organic liquid material that is more homogeneous than
the rough waste and suitable to be treated via wet AD sys-
tems. This is a further advantage when considering that wet
AD techniques rely on the wide expertise acquired from the
field of sewage sludge anaerobic biostabilization.
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Wet AD systems are more productive when operated at
low organic loads [17], but this condition limits the amount
of waste that can be fed to the digester. Press-extruded
OFMSW, already partly solubilised, could be then applied as
substrate in wet anaerobic digesters to enhance the organic
load and increase, in turn, the digester treatment capacity.
A further option to improve the organic load to the digester
raises from the study of Mu et al. [18], who pointed out that
mixing the LF from OFMSW press-extrusion with the solid
one originated from the same pretreatment may increase AD
stability.

Aim of this study was in assessing the potential of the
press-extrusion pretreatment to optimize the performance
of OFMSW anaerobic digestion. To this end, the methane
production potential of press-extruded organic waste was
assessed via both batch and semi-continuous tests, under
different operating conditions.

Materials and methods
Substrate and inoculum

OFMSW is heterogeneous according to several factors such
as region, season, culture, economic income and demo-
graphics. This means that OFMSW composition in differ-
ent countries is extremely unpredictable. For this reason,
the composition of the organic waste used as a substrate
in this research (Table 1) was determined on the basis of
the average compositional analysis of OFMSW in some
European countries, including Italy, as given in the study
of MTT Agrifood Research Finland [19]. To simplify the
sample preparation, the percentage of mixed meals, drinks
and snack fractions, was distributed among the other catego-
ries according to the proportionality criterion proposed by
Ariunbaatar et al. [20].

Representative OFMSW samples did not undergo press-
extrusion, but they were prepared to mimic press-extruded
products. The LF representing the press-extruded waste was
obtained grinding OFMSW samples while blending it with
water, to reach the homogeneity and consistency similar to
ajam, as described in scientific literature [21]. The material
was stored at 4 °C no longer than 1 week before use.

Table 1 Composition of OFMSW used in this study

Fraction % Wet weight
Fruits and vegetables 79
Pasta and rice 5
Bread 6
Meat and fish 8
Dairy products 2
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For the purposes of AD tests, digested sludge was used
as inoculum. It was sampled at the anaerobic reactor of the
municipal wastewater treatment plant located in Salerno
(Italy). This digester works under mesophilic conditions
and it receives both the primary and secondary sludge pro-
duced during the wastewater treatment. After sampling, the
digested sludge was incubated at the same temperature of
the AD tests (35 “C) for 5-7 days ahead the experimental
start-up, to provide a hunger phase to reduce its own biogas
production.

The experimental plan

The research developed through both batch and semi-con-
tinuous AD trials.

Batch AD tests were performed to investigate the effects
on biogas production of two factors, namely the organic
load and the mixing ratio between the liquid and solid frac-
tions from press-extrusion. For each factor, two values were
selected from scientific literature [18, 22], to test a “low”
(—) and a “high” (+) level in four different combinations, in
accordance with a 22 factorial design (Table 2).

The results obtained from this set of experiments under-
went the analysis of variance (ANOVA), which was per-
formed using the software RStudio.version 3.5.1., provided
by RStudio Team [23], to determine the statistical signifi-
cance of selected variables at a threshold p value of 0.05.

The same results addressed a second set of experiments,
to investigate the effects of total solid (TS) content on the
digestion of the LF from OFMSW press-extrusion. The ini-
tial TS content of the substrate was adjusted at the desired
value of either 10% or 15% by adding water.

After completing the second series of experiments, the
same conditions were tested in semi-continuous mode.

Experimental set up
Batch reactors
AD tests were carried out in batch for 21 days. Glass bottles

with a volume of 500 mL were used as reactors. Substrate
samples were added together with the inoculum, to fulfil the

Table 2 Test conditions used in
the first set of experiments

Test run Parameters

OFMSW/ S/ (%ys)

LF (%ys)

1 25 0.5
2 75 0.5
3 25 2
4 75 2

designed experimental conditions. Tap water was added as
well, to ensure a working volume of 450 mL in each flask.

After feeding, the headspaces of the reactors were flushed
with nitrogen gas for about 5 min and then the bottles were
sealed with rubber septa and connected by a capillary tube
to an inverted 1000 mL glass bottle containing an alkaline
solution (2% NaOH), as described by Esposito et al. [24], to
collect the produced biogas.

Blank trials containing the sole inoculum were set up as
well.

All the reactors were placed in a water bath to ensure
mesophilic conditions. Mixing was provided by manually
shaking each reactor once a day.

The tests were carried out in triplicate and average values
were considered for discussion.

Semi-continuous reactors

The system consisted of a 5 L glass reactor, with a working
volume of 4.5 L. The operating temperature was 35 °C and
it was controlled by a thermal jacket connected to a thermo-
static bath. A magnetic stirring system operating in the range
of 900-1300 rpm provided mixing in the reactor. Figure 2
provides a schematic of the experimental set up.

The digester was operated at a hydraulic retention time
(HRT) of 30 days, in accordance with the findings of Nova-
rino and Zanetti [21]. It was fed daily to gradually increase
TS content in the anaerobic medium up to 12.5%.

Before the test begun, a start-up phase was performed
to avoid early failure of the system as well as to promote
the acclimation of the microbial population to the target
substrate. To this end, the reactor was initially loaded with
a mixture of inoculum (87.5%) and LF (12.5%) as sug-
gested by Mu et al. [18]. LF was added gradually, to prevent
the system overload unless the inoculum was completely
replaced; moreover, after LF addition, the system was not
fed until the production of methane became constant.

After the daily feeding, the reactor headspace was flushed
with nitrogen and the reactor was closed with a rubber
septum.

Analytical setup

TS, volatile solid (VS), and pH were analysed in accordance
with Standard Methods [25].

Daily methane production was monitored through a water
displacement method as described by Esposito et al. [24] and
the generated methane volume was normalized to standard
temperature and pressure (STP).

The specific methane volume was evaluated as the total
volume of methane produced during the digestion period
per mass of added substrate, expressed in terms of VS (i.e.
Lcya’kgys). The methane production of the sole inoculum
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Fig.2 Scheme of the experi-
mental set up to run the semi-
continuous tests
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Table 3 Characteristics of OFMSW, liquid fraction (LF) and inocu-
lum (I) used in each set of experiments

TS (%tq) VS (%TS) pH
First set of batch experiments
OFSMW 41.40+1.52 96.86+0.32 4.52+0.21
LF 28.53+0.42 95.30+0.32 4.34+0.04
I 3.36+0.85 55.54+4.49 7.43+0.03
Semi-continuous
OFSMW 22.15+0.67 93.94+0.42 4.81+0.21
LF 14.43+0.06 93.38+0.22 4.39+0.14
I 2.80+0.40 65.47+0.45 7.34+0.23

was subtracted from these results to obtain the net methane
production from the biomass fed to the reactors under dif-
ferent operating conditions.

Results and discussion

The chemical-physical characterization
of the substrates

The initial characteristics of OFMSW, LF and inoculum used
in the different experimental runs are displayed in Table 3.

Organic waste typically has high moisture as well as VS
content: the latter, which is converted into the soluble matter
more easily used by microorganisms [26], accounts for the
good biodegradability of this kind of waste.

@ Springer

Magnetic Stirring System

In this study, the VS content was 95.4% and 94% for
OFMSW and LF, respectively. These values indicate a high
potential for biodegradation during AD processes [27] and
are comparable with those reported in scientific literature.
Nevertheless, if organic waste from full-scale plants is con-
sidered, the reported VS values tend to be lower than 90%
on TS basis. This could be due to either a greater quantity
of impurities contained in the waste entering an industrial
plant or to the variation in the moisture content during the
sampling [28].

Depending on the waste characteristics, TS can be vari-
able as well. Bong et al. [29] pointed out that the substrate
solubilisation and the subsequent biodegradation is also
influenced by high TS content.

The initial TS concentration of the organic waste used
in this study ranged between 22.15% and 41.40% on wet
weight. This suggests that sample preparation was affected
by seasonal variation. In this view, Fisgativa et al. [30], ana-
lysing 65 food waste samples, reported a variation of the
characteristics of organic waste collected in summer and
winter.

Compared to rough organic waste, the LF resembling
press-extruded waste had obviously a lower TS content [6].
As reported in various literature studies, press-extrusion
determines both the increase of the specific surface area and
the solubilisation of the substrate. This, in turn, improves the
access of microbes and enzymes to the organic substance,
promoting the degradation of the slowly degradable com-
pounds [16].

The initial pH of both OFMSW and LF was acid, rang-
ing between 4 and 5. These values do not fall in the optimal
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pH range required for AD. Nevertheless, the inoculum pH
was higher and around 7. When mixing the inoculum with
the substrate, the former provided the microbial consortium
to speed up the anaerobic process lag phase as well as the
adequate buffer capacity against the acidic conditions of the
substrate, so that it was possible to avoid the pH adjustment
before the anaerobic test start.

Effects of OFMSW/LF ratio under different organic
load conditions

The effects of both the OFMSW/LF mixing ratio and
the organic load expressed as the substrate-to-inoculum
(S/T) ratio were assessed through the analysis of variance
(ANOVA). It allows the comparison of the mean values
among groups of data, to verify the existence of statistically
significant differences. ANOVA was applied to the results
of the tests designed according to a factorial experiment, to
identify the significance of the chosen factors as well as the
possible interaction among the same factors.

Figure 3 plots the cumulative methane production
obtained during the batch tests under different operating
conditions.

The pH increase obtained at the end of the tests suggested
the proper development of AD. The final pH values ranged
between 7.18 and 7.45. As already mentioned, the inocu-
lum used in this study had a high pH that indicates a high
buffer capacity [27]. It was sufficient to maintain the pH in a
suitable range and to control the possible acidification from
the volatile fatty acids (VFA) produced during the initial
biodegradation steps.

All the tests showed an increasing methane produc-
tion trend over time, with final specific production values
of 402.1 +95.8 L/kgyyg for Test 1 (OFMSW/LF =25%-y;
S/1=0.5%vs), 341.8 +71.4 L/kgyg for Test 2 (OFMSW/
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Fig.3 Methane production under different test conditions (Test 1:
OFMSW/LF =25%—S/1=0.5; Test 2: OFMSW/LF=75%—S/1=0.5;
Test 3: OFMSW/LF=25%—S/1=2; Test 4: OFMSW/LF=75%—
S/Nn=2)

LE=75%yg; SI1=0.5%yyg), 110.4+78.5 L/kgyg for Test 3
(OFMSW/LF =25%vy; S/1=2%yyg) and 59.3 +15.9 L/kgyg
for Test 4 (OFMSW/LF =75%vyg; S/I1=2%ys).

The lower methane volume as well as the highest vari-
ability in the results were observed for both Test 3 and Test
4, which were operated at the higher S/I value. The poor
production of methane indicated, in particular, the inhibition
of the AD process, despite the final pH values.

The statistical analysis pointed out that the S/I ratio was
the factor having a significant effect (» <0.05) on methane
production and that it has no interaction with the OFMSW/
LF ratio. In fact, at the same S/I ratio, mean values between
groups are comparable, as it can be observed comparing the
results of Test 1 and Test 2 as well as those of Test 3 and
Test 4.

When considering the variability within groups, the same
factor (S/1 ratio) was the one providing the best results at the
lowest value. The greater amount of inoculum promoted the
proper development of the biological degradation reactions,
thus resulting in higher methane generation [22]. Moreo-
ver, experimental results seem to indicate that the meth-
ane production is positively affected by low OFMSW/LF
ratios. This evidence may be attributed to the increase in
readily biodegradable material ensured when the amount of
OFMSW fed to the digester is lower than that of LF. How-
ever, since the interaction is not statistically significant, only
the S/I ratio effectively affects the production of methane,
regardless of the OFMSW/LF ratio.

It is worth pointing out that the analysis of variance is
based on the hypotheses of normal distribution of the residu-
als and homoscedasticity of the data. The verification of
such hypotheses showed that the latter (homoscedasticity of
the data) was not complied, meaning that the variances of
experimental results are not homogeneous.

Data heteroscedasticity indicates that other factors, which
were not considered in the study, influenced the digestion
process. In this view, the size of the material [31-33], the
composition of the substrate [33], the microbial groups
present in the inoculum [34, 35], which may have been
slightly different in the single batches, could be recognized
as the additional factors affecting the production of methane
significantly.

Effects of the TS content
Batch experiments

As the statistical analysis showed the significance of the
organic load but not that of the OFMSW/LF ratio on meth-
ane generation, further batch tests were carried out using LF
as substrate at different TS contents, namely 10% and 15%.

The initial pH value under both operating conditions
was 7.3+0.01. At the end of the digestion process, the
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Fig.4 Methane production from the batch reactors operated at differ-
ent TS content

average pH values were 7.51 +0.01 and 7.49 +0.02 for the
batch with 10% TS and 15% TS, respectively. As already
observed for the previous batch tests, the buffer capacity
of the inoculum was sufficient to keep the pH within an
optimal range for the digestion process, so that any adjust-
ment was necessary.

Figure 4 shows cumulative methane generation during
these batch AD tests.

The trend in methane production was similar for the dif-
ferent tests: in particular, the digestion process developed
in the same way during the first 4 days. As reported by
Abbassi-Guendouz et al. [36], this evidence indicates the
same microbial activity under the different conditions ana-
lyzed. From the fourth day, methane production increased
for the batch having a higher TS content (15%), reaching the
higher value on the 8 day. Then methane generation started
to decrease and a basically steady state was observed untile
the end of the test period. When the TS content was 10%, the
production of methane increased at a lower rate, reaching a
maximum specific volume 40% lower than the one obtained
from batch with 15% TS.

Experimental results seem to indicate that the less con-
centrated substrate provided a lower methane production:
of course, this evidence could be related to a change in the
microbial activity in the different batches. However, this kind
of condition is likely to occur either when severe changes
in the medium environmental conditions take place [37] or
when the substrate composition can lead to the preferable
development of a specific microbial consortium [38, 39]. In
this study, any variation in methane production potential is
likely to be related to the different amount of substrates to
be degraded. Nevertheless, it is worth pointing out that this
difference is not very relevant when changing the feeding
conditions of the digester. In continuous feeding mode, an
increase in the substrate concentration can cause the imbal-
ance between hydrolysis/acidogenesis and methanogenesis
steps.
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Semi-continuous experiments

Semi-continuous tests were conducted by feeding the reactor
only with LF and the organic load was varied by increasing
the TS content from an initial value of 10% up to a maxi-
mum of 12.5%. Preliminary semi-continuous tests (data
not shown) had indeed pointed out that the system failure
occurred for an organic load as high as 15%, so that the
range of analysis was restricted to the selected values.

Experimental data showed that an increase in the organic
load led to a sensitive reduction in methane production
(Fig. 5). This decreased from 246.54 L/kgyg to 81.09 L/
kgyg by increasing TS contents from 10% to 12.5%. This
trend appears in agreement with various literature stud-
ies, highlighting that an increase in organic loading rate
(OLR) resulted in reduced methane yields. As reported
by Mao et al. [40], the daily feeding of the digester with
large amounts of substrate can bring about changes in the
digestion environment and inhibit microbial activity. This
is because the rate of hydrolysis/acidogenesis is unbalanced
respect to that of methanogenesis, and this causes an accu-
mulation of VFA that cannot be converted into methane.
To evaluate the anaerobic digester performance, the diges-
tate that was extracted from the reactor was characterized in
terms of pH, TS and VS (Fig. 6).

One of the most common parameter to monitor the anaer-
obic digestion development at laboratory scale is the pH.
In our experiment, the adjustment with NaOH was neces-
sary when pH dropped to 5.05-5.69. As previously reported
[38, 41], the decrease in pH is caused by the limited buffer
capacity of the digestion medium. It probably related to
the accumulation of acids, leading to a reduced produc-
tion of methane. This outcome is further confirmed by the
observed trend of both TS and VS in the digestate (Fig. 6).
The decrease in both pH and methane production came
along with an increase in TS in the digestate. The content
of TS influences the viscosity, fluid dynamic and clogging
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Fig.6 Semi-continuous anaerobic digester performances in terms of
pH, TS and VS

of the digester [42]. Therefore, the greater concentration of
TS in the reactor is likely to result in the reduced transfer
efficiency of the substrate [18, 43].

In good agreement with what observed by Mu et al. [18],
the increase in TS level also led to the formation of foam
as well as to problems with the agitation system. This, in
turn, limited the release of the biogas, which was trapped
in the digestion medium. The inadequate conditions within
the digester also influenced the removal efficiency of VS,
which decreased as the pH dropped around 5 (Fig. 6). The
subsequent pH adjustment was provided together with the
restoration of the proper mixing conditions in the digester.
This determined the sudden increase in methane detection,
which is related to the release of the trapped biogas rather
than to the immediate recovery of the system. As reported by
He et al. [38], the optimal pH for the methanogenic bacteria
ranges between 7.62 and 7.88. These values were observed
only for few days, suggesting that the environmental condi-
tions did not promote the correct development of methano-
genic bacteria, capable of correctly degrading the organic
substance.

Technical considerations for the scale up

OFMSW pretreatment is fundamental to ensure the most
adequate preparation of the substrate for anaerobic pro-
cesses. Its use at industrial scale usually relies on mechanical
selection processes, mainly aiming at the removal of foreign
fractions [44].

Conventional treatments, like sieving, proved to fail in
offering an efficient separation of the organic components, as
relevant portions of the material that could be addressed to
the bioconversion process remain adhered to residues, end-
ing up in the flow usually destined to disposal. Cesaro et al.
[45] highlighted that the oversieve retained during the initial
screening of OFMSW destined to an integrated anaerobic/
aerobic industrial plant determined a daily loss of about 30%

of the biodegradable portion of the incoming waste. This
generated a biogas drop corresponding, in turn, to a daily
loss of energy up to 24 MWh.

Although the extent of the mechanical selection step
depends on the quality of the incoming OFMSW, Jank et al.
[46] reported that the application of press-extrusion results
in the production of a LF accounting for 87% of the incom-
ing waste, of whom 90% consists of organic material. The
removal yields of waste materials, such as hard plastics,
metals and glass, were observed to be high as well, setting
around 90%, since they were properly concentrated in the
solid fraction from press-extrusion. These considerations
suggest the possible simplification of the pretreatment line
within full-scale AD plants, which would result in lower
energy consumption and in minor surface occupation as
well.

It is worth pointing out that, differently from tradition-
ally applied mechanical selection processes, press-extrusion
homogenizes the substrate converting it into a liquid mate-
rial. This effect, beyond promoting the microbial attack,
results in the reduction of viscosity of the matrix in the
digester, thus providing the possible decrease of the energy
demand for both pumping and stirring systems. Neverthe-
less, waste pretreatment itself requires energy. The energy
demand of mechanical pretreatments tends to enhance as the
waste lignocellulosic fraction increases, so as to vary in the
range 5-80 kWh/ton of treated waste [47].

Our study pointed out that the pretreatment effectiveness
should be evaluated with reference to the integrated press-
extrusion/AD process. Despite the operational advantages
originating from a press-extrusion pretreatment, in continu-
ously fed system it can promote both acid accumulation and
foam formation. The overall feasibility assessment should,
thus, consider that the possible increase of the organic load
to the digester fed with press-extruded waste can be pursued
unless the system can buffer the faster acidogenesis. In this
view, the implementation of adequate stirring systems can
play a key role [48].

Nevertheless, such consideration could address the use
of press-extrusion pretreatment within either two stage AD
plants or co-digestion facilities.

Both strategies have been largely reported to promote
the anaerobic stabilization. Two stage AD systems are even
much more interesting when considering that methane pro-
duction can be pursued together with that of both hydrogen
and value added reaction intermediates of great industrial
interest [32, 49, 50]. The possible increase in the organic
load to the digester by applying press-extrusion seems thus
suitable to enhance dark fermentation and AD yields in two
stage processes, showing a great potential for application as
OFMSW pretreatment strategy to pursue the wider imple-
mentation of the circular economy principles at industrial
level.
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Conclusion

Press-extrusion has raised as an interesting technology for
the treatment of OFMSW prior to AD. This study explored
its potential for the improvement of anaerobic digestion per-
formances. To this end, the statistical significance of both
OLR and mixing ratio between the liquid and solid fraction
from press-extrusion were investigated.

Experimental results showed that anaerobic processes are
more significantly affected by the organic load than by the
co-digestion of the liquid and solid fractions from press-
extrusion. However, at the optimal S/I ratio, a 30% improve-
ment in methane generation can be pursued by increasing the
amount of LF towards that of organic solid waste (OFMSW/
LF=25%ys).

Although higher amounts of press-extruded OFMSW
could improve the mass transfer efficiencies within the
digester, such increase can result in the process instability,
as observed in this study under semi-continuous feeding
mode. This condition may result in the reduction of methane
generation in mono-digestion system. Nevertheless, it could
be better exploited to promote the fermentation step within
two stage anaerobic processes. Future studies should thus
address the identification of the optimal operating conditions
for the integrated press-extrusion/AD process, to pursue the
greatest valorization of OFMSW into both energy carriers
and value added chemicals of industrial interest in a biore-
finery framework.
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