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A B S T R A C T

Composting is the method most commonly applied worldwide for the recovery of the source sorted organic
waste. The process aims at stabilizing the organic matter, so as to produce a material with soil improver
properties, referred to as compost. The effective recovery of the organic waste fraction via composting implies
compost safe use on soil. In this view, the assessment of compost characteristics, depending on both the quality
of the input material and the process operation, is fundamental. At full scale, the process monitoring usually
relies on parameters enabling the indirect control of its evolution, whereas the biological stability and maturity
are usually evaluated on the final product. Aim of this work was in assessing both biological stability and
maturity during the composting process of the organic fraction of municipal solid waste performed at industrial
scale. Representative samples were collected over time in a composting facility operating in the South of Italy
and analysed by the dynamic respirometric index, the content of humic substances as well as by their phyto-
toxicity. Results showed the key role of stability and maturity parameters in the monitoring of composting
processes. Experimental outcomes further addressed wider considerations on the operational procedures for a
sustainable compost production process.

1. Introduction

The organic fraction is the main portion of municipal solid waste
(MSW), accounting for approximately 30–40% in Europe. Due to its
high moisture content and biodegradability, it is usually source segre-
gated and destined to valorization processes, aiming at material and/or
energy recovery.

Composting is the method most commonly applied worldwide for
the recovery of the source sorted organic waste, due to its easy im-
plementation and operation (Jara-Samaniego et al., 2017; Meyer-
Kohlstock et al., 2015). The process, relying on different practices ap-
plied in either developed or developing countries (Wei et al., 2017),
provides the biological stabilization of the organic substrate under
aerobic conditions and generates a sanitized product, with soil im-
prover properties (Meena et al., 2016; Pérez et al., 2007), referred to as
compost, which can be used in soil conditioning and nutrient supply
(Alvarenga et al., 2007, 2015).

Several factors influence composting yields (Onwosi et al., 2017),
but those directly related to the oxygen supply are fundamental to
ensure the optimal microbial activity.

Laboratory scale tests showed that the respiration activity of

bacteria is directly related to the airflow supply: above a threshold limit
value, which depends on the kind of waste that is processed, any further
increase affects the biological activity; below the same limit, the re-
spiration activity slows down and it becomes directly dependent on the
air flowrate (Mejias et al., 2017).

However, the influence of the air supply on the microbial activity is
also indirect, as aeration affects the temperature as well as the moisture
content of the mass under composting. An aeration rate lower than
0.2 L/min kgOM was found to determine a low degradation rate,
moisture and heat loss, reduction in ammonia (NH3) generation and
significant temperature decrease. As these conditions affected microbial
diversity, aeration was identified as the main factor influencing com-
post stability (Guo et al., 2012). Conversely, when aeration ranged
between 0.2 and 0.6 L/min kgOM, relevant NH3 improvements, C/N
ratio reduction and compost maturity were reported (Cerda et al.,
2018).

In full scale application the role of aeration turns to be fundamental,
because it should ensure: i) the oxygen supply for the microbial activity;
ii) the control of temperature as well as iii) the removal of the excess
moisture. The airflow required for both temperature and moisture
control is usually much higher than that needed for the biological
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oxidation of the organic substrate. The airflow rate is thus set to achieve
either temperature control or excess moisture removal, depending on
the characteristics of the organic substrate, and so as the aeration mode
(Guo et al., 2012; Rasapoor et al., 2009; Shen et al., 2011).

The amount of oxygen supplied, the aeration system (Chowdhury
et al., 2014; Rasapoor et al., 2016) and the mixture porosity (Iqbal
et al., 2010) are among the main operating conditions influencing the
proper evolution of composting as well as the quality of the final
compost (Faverial et al., 2016).

In some European countries the regulatory framework for the pro-
duction of waste-based compost requires the temperature profile to
develop so as to prevent possible risks from both the presence of pa-
thogens and the phytotoxicity, but the development of the stabilization
process is not as strictly regulated as the quality of the final product
(Cesaro et al., 2015a). Therefore, the process monitoring at full scale
usually relies on parameters enabling the indirect control of its ade-
quate evolution, whereas the biological stability and maturity are
usually evaluated on the final product.

The biological stability accounts for the rate of the microbial ac-
tivity in compost, which can be described by different parameters
(Viaene et al., 2017). Conventional methods for the biological stability
assessment have been recently classified in two categories, oriented
either to the biotic response on the tested materials or to the physic-
chemical characteristics of organic matter (Lü et al., 2018). The former
have been extensively proven to be the most suitable to properly
evaluate the biological stability of organic samples: respirometric
techniques, in particular, are recognized to be highly effective (Barrena
et al., 2009; Villaseñor et al., 2011) and suitable to reflect the process of
organic matter biodegradation (Pognani et al., 2010, 2012; Ponsá et al.,
2008).

The maturity identifies the extent of organic matter transformation
during the composting process (Yuan et al., 2012) as well as the phy-
totoxicity of the final product. In order to assess the ecotoxicity of or-
ganic substrates for their land use, Huguier et al. (2015) recognized a
direct approach, relying on solid-phase tests, and an indirect one, based
on liquid-phase tests assessing the extracts of the samples. The former is
more frequently used to describe the compost maturity and it is typi-
cally carried out via seed germination tests (Alvarenga et al., 2015;
Saludes et al., 2008). Despite its effectiveness and economic competi-
tiveness to evaluate the potential phytotoxicity of compost, the stan-
dardization of the test procedure and the modelization of the test seeds
are still considered urgent needs to enhance the validity and reprodu-
cibility of the test results (Cesaro et al., 2015a; Luo et al., 2018;
Villaseñor et al., 2011).

The evaluation of phytotoxicity is tightly related to that of biolo-
gical stability, as the microbial activity of some unstable organic matter
can produce phytotoxic compounds. Oviedo-Ocaña et al. (2015) as-
sessed the stability and maturity of biowaste composts during the
curing phase via both laboratory scale and on-site tests and found no
statistically significant correlations among the adopted indices. This
condition suggests that the simultaneous assessment of both stability
and maturity during the aerobic biostabilization of organic waste would
provide useful indication about the evolution of the biological de-
gradation reaction, so as to promptly recognize possible qualitative
problems and implement the necessary corrective actions to obtain a
high quality compost. However, such approach can be effective if it
relies on easy-to-implement as well as economical operating solutions.

Aim of this work was in evaluating the maturity evolution during
the composting process of the organic fraction of municipal solid waste
performed at industrial scale. To this end, representative samples were
collected during the curing stage of composting and characterized by
different parameters referred to both the agronomic value and the
phytotoxicity potential. The biological stability was assessed as well, in
order to define its relationship with the maturity parameter, addressing
wider consideration on the monitoring strategies to be applied at full
scale for the production of high quality compost.

2. Materials and methods

2.1. The composting plant: process lay out and operation

The samples used for the experimental activity were collected at a
full-scale composting plant operating in the South of Italy, with a design
treatment capacity of 20000 t/year.

The overall capacity is used to process 15000 t/year of source sorted
organic fraction of municipal solid waste (OFMSW) and 5000 t/year of
green waste, used as bulking agent within the aerobic process.

During the process operation, OFMSW is mixed with green waste
and destined to composting. The active phase, lasting 14 days, is per-
formed in biocells and then the material is sent to the curing step,
further divided into two different ones: the organic matter is first pro-
cessed using forced aerated windrows for 29 days (primary curing) and
then directed to a static pile system for 47 days (secondary curing). The
overall aerobic process cycle lasts 90 days, in accordance with the
Italian legislation requirements.

The final product is sieved so as to obtain three material flows:

- the oversieve that mainly consists of impurities entering the process
along with the source sorted OFMSW;

- a coarser undersieve fraction, composed of green waste not fully
degraded during composting and thus available to be recirculated in
a new process cycle;

- the finest fraction that is the compost, destined to characterization
for its use on soil in accordance with the Italian legislation.

The flow scheme is outlined in Fig. 1, along with the mass balance.

2.2. Experimental set up

For the purposes of the experimental activity, approximately 50 tons
of source sorted OFMSW, delivered at the plant to be treated, were
mixed with green waste and the coarser undersieve fraction in a volu-
metric ratio of 1:2:1, which is the one adopted for the plant operation.

The OFMSW used to prepare the mixture originated from different
municipalities. Before starting the composting process, its composition
was characterized by manual sorting according to the procedures in-
dicated by the Veneto Region Council Resolution 568/2005.

The mixture was then addressed to the biological process. To this
end, a biocell was completely emptied to be destined to the

Fig. 1. Process layout and mass balance of the plant under investigation.
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experimental activity and so as two areas of the plant, which were
devoted to both the primary and secondary curing of the sole waste
under investigation, in order to ensure the same origin for all the
analysed samples. The composting process was then carried out ac-
cording to the usual plant operation mode.

During the curing stage, representative samples were collected
every 15 days, in accordance with the standard procedure UNI 10802:
2013.

The quality of the final process product from the original mixture
was further characterized in accordance with the Italian legislation for
compost classification as fertilizer.

2.3. Analytical set up

2.3.1. Physic-chemical characterization
Total solid (TS), volatile solid (VS) and the Dynamic Respirometric

Index (DRI) were estimated on the collected samples according to the
standard procedures (UNI/TS 11184:2006). DRI was assessed after the
adjustment of the water content to the value recommended in the re-
ference protocol for the calculation of the potential respiration index.

For the evaluation of the C/N ratio, the content of both carbon and
nitrogen were measured following the standard procedure UNI
10780:1998, which was also used to assess humic substances as well as
the other parameters for the characterization of representative compost
samples under the Italian Regulation.

The total humic carbon and the total organic carbon were used to
determine the humification index as defined by Roletto et al. (1985).

All the analytical tests were performed in triplicate. The mean and
standard deviation values are discussed. The data were analysed using
the ANOVA method, at 5% significance level.

2.3.2. Phytotoxicity tests
Phytotoxicity tests employing seed germination and root elongation

were used following a modified UNICHIM method (2003) to estimate
compost maturity (Cesaro et al., 2015a; Said-Pullicino et al., 2007). To
this end, water was mixed with compost samples to reach a moisture
content equivalent to 85% (wet weight). After 2 h of contact time, the
aqueous extracts were obtained by centrifugation at 6000 rpm for
15min and filtration at 3.5 atm with membrane filter. The extracts were
diluted to a 30%, 50% and 75% concentrations.

Lepidium sativum, Sorghum saccharatum and Cucumis sativus seeds
were used to conduct germination and growth assays on compost
aqueous solutions and placed in a Petri dishes (90mm diameter) with
one sheet of Whatman No. 1 filter paper as support, in three replicate
experiments. After the addition of 10 seeds and 3mL of test solutions,
the Petri dishes were sealed with Parafilm to ensure closed-system
models. The seeds were placed in a growth chamber at 25 °C. Bioassays
took 72 h and after this period, the number of seeds germinated was
counted and the radical length was measured. The Index of growth (IG)
was calculated by multiplying the germinated seed number (G1) and
length of roots (L1). The Germination Index results were used to cal-
culate the effect, expressed as percentage (GI%) with respect to the
control as follows:

= −GI% (IG IG )/IG 100C S C
*

where IGS and IGC are the germination indices calculated for the sam-
ples and the control, respectively.

3. Results and discussion

The OFMSW destined to the aerobic stabilization process was found
to be characterized by an average compostable material content of
93.8%, of whom approximately 92% consisted of organic waste,
whereas the remaining portion was composed of paper tissues. The non-
compostable fractions, namely plastic, metals and inerts, accounted for

approximately 6% of the overall mass of the waste. These results were
consistent with the expected composition of a source sorted OFMSW.
The amount of impurities was found to be lower than the one reported
for mechanically sorted organic waste (Cesaro et al., 2016), although
still relevant. The plastic waste, which was the prevailing among non-
compostable fractions, could be mainly attributed to the bags used to
collect the waste as well as to the packaging containing spoiled food.
This evidence indicates that the presence of non-compostable fractions
could be lowered by either providing biodegradable bags for the col-
lection of OFMSW or carrying out specific actions to promote the cor-
rect waste separation among the producers.

This OFMSW was used as substrate for composting, after its mixing
with bulky material. At the end of the process the compost quality
fulfilled the requirements established by the Italian Regulation for all
parameters (Table 1), although the plastic content was found to slightly
exceed the limit value in one third of the analysed samples. Such out-
come suggests that, when the quality of the input organic waste in
terms of plastic content is low, the final sieving step is not sufficient in
providing its adequate reduction. This condition, in turns, confirms the
need to arrange up-stream strategies for the decrease of the plastic
content in the separately collected organic waste. It is worth pointing
out that the plastic content was not found to induce any phytotoxicity
phenomena, as pointed out by the germination test results.

Similarly, the final C/N ratio of 12.7 seems to refer to a properly
produced compost. This value is comparable with those reported in the
study of Vázquez et al. (2015), investigating the quality of composts
produced from small-scale composting programmes, which was found
to be characterized by C/N values ranging between 10 and 15. Higher
values, above 15 or 20, were recorded for compost samples collected
during the initial stage of the process, indicating the instability of the
substrate.

However, in the present study, the C/N ratio was observed to in-
crease over time: the average value estimated after 15 days curing was
indeed 4.4 and it slightly enhanced up to 12.4. Such increase was found
to be in direct correlation (R2= 0.96) with the reduction in nitrogen
content. After 15 days curing, the organic mixture was found to be
characterized by an average nitrogen content of 8.2%DM that dropped
to an average value of 3.3%DM at the end of the process (Table 2).
Conversely, the carbon content slightly increased from an average value
of 36.2%DM to 42.0%DM (Table 2), likely due to the concentration of
total solid over time, that was already experienced in a previous study

Table 1
Characterization of compost with reference to the Italian Regulation para-
meters.

Parameter Value Threshold limit valuea

pH [-] 7.07 ± 0.74 6–8.5
Moisture [%] 18.8 ± 6.1 ≤50
Organic Carbon [%DM] 24.5 ± 3.8 ≥20
Humic and fulvic Carbon [%DM] 8.61 ± 1.71 ≥7
C/N [-] 12.7 ± 2.2 ≤25
Organic nitrogen [%DM] 88.0 ± 2.8 ≥80 N tot
Cd [mg/kgDM] < 0.01 ≤1.5
Hg [mg/kgDM] < 0.01 ≤1.5
Ni [mg/kgDM] 9.84 ± 0.93 ≤100
Pb [mg/kgDM] 34.9 ± 11.7 ≤140
Cu [mg/kgDM] 39.2 ± 26.8 ≤230
Zn [mg/kgDM] 114.7 ± 4.7 ≤500
Cr(VI) [mg/kgDM] < 0.01 ≤0.5
Tl [mg/kgDM] < 0.01 ≤2
Plastic + glass + metals (≥2 mm) 0.48 ± 0.53 ≤0.5
Inerts (≥5mm) 1.3 ± 0.8 ≤5
Salmonella in 25 g Absent Absent
E.Coli in 1 g [CFU/g] < 1000 1000–5000
Germination Index (dil 30%) 75 ± 0.8 ≥60

a Under the Italian Regulation for compost classification, Legislative Decree
n. 75/2010.

A. Cesaro et al. Journal of Environmental Management 232 (2019) 264–270

266



(Cesaro et al., 2015b).
During composting the C/N ratio usually tends to decrease over

time: this reduction is faster in the active phase, due to the carbon
mineralization to CO2 and slows down during the curing stage (Zhou
et al., 2018). Following organic matter degradation, the organic ni-
trogen (Norg), which is the main nitrogen form, is mineralized to am-
monia (NH3) and forms NH4

+ in the water phase, which increases the
substrate pH. Ammonia can be stripped by aeration, oxidized to nitrate
(NO3

−) or immobilized in complex N-rich macromolecules. The NO3
−

could be further reduced to nitrogen gas (N2) by the denitrifying mi-
croorganisms, acting in the anaerobic zones of the biomass under
composting (Wang and Zeng, 2018). The identification of nitrogen
transformation during aerobic biological processes is very complicated,
being dependent on several factors including the substrate character-
istics (Zhou et al., 2018) as well as operating conditions, like tem-
perature and aeration rate (de Guardia et al., 2010).

The study of de Guardia et al. (2010), comparing the nitrogen dy-
namic during the aerobic biostabilization of five types of organic waste,
pointed out that ammonification was higher than nitrogen im-
mobilization for household waste. The authors also observed that the
nitrogen removed from this kind of waste was mainly emitted as N2.
This mechanism could explain the reducing trend of nitrogen found in
this study.

Despite the increasing trend of the C/N ratio, its values were always
below the threshold limit usually attributed to a stable compost (Guo
et al., 2012), suggesting that the active phase effectively provided the
biological degradation of the organic waste. This evidence was further
confirmed by the Dynamic Respirometric Index (DRI) that after 15 days
of curing corresponded to 633.9 ± 42.2 mgO2/kgVS h. As shown in
Fig. 2, DRI values were found to range between 500 and 1000 mgO2/
kgVS h: according to the Technical Regulation UNI/TS 11184:2006, this
interval indicates a moderately stable material. However, in the com-
post samples obtained at the end of the process, the DRI value reached
1168.3 ± 79.3 mgO2/kgVS h. Such condition can be partly attributed to
the material sieving which allowed the removal of the bulky, green
waste and the consequent concentration of the more putrescent frac-
tions in the analysed samples, as pointed out in previous studies (Adani

et al., 2004). The progressive reduction of the size of the material can
be a further reason of the DRI increase. Although the curing phase relies
on static systems, the material transfer among the different plant sec-
tions as well as the operations to load the final sieving device may have
determined the size reduction and, in turn, the increase of the specific
surface area. Nevertheless, the final DRI slightly exceeds the threshold
limit value for biological stability, which is assumed at 1000 mgO2/kgVS
h (Adani et al., 2004; Baffi et al., 2007). This evidence as well as the
limited reduction of DRI values during the overall curing stage suggest
that the composting product can be considered susceptible for further
stabilization (Colón et al., 2017; Grilli et al., 2012).

It is worth pointing out that the analysed samples originated from
the same initial mixture addressed to the composting process, which
was carried out in accordance with the usual plant operating proce-
dures. Nevertheless, minor inhomogeneity of the process conditions
may have occurred within the piles under investigation and in this re-
gard, another aspect of discussion can be recognized in the moisture
content (Fig. 2). The reduction in the initial moisture content of the
substrate under composting follows the temperature increase associated
to the development of biological degradation reactions, which is more
intense during the active phase and tends to slow down during the
curing stage. However, it is also largely affected by both airflow rates
and aeration mode (Mejias et al., 2017): excess of aeration can cause
relevant water losses, hindering the biological process (Makan et al.,
2013).

As the observed moisture values (Fig. 2) seem consistent with the
occurrence of proper biological stabilization processes (Jain et al.,
2018), the limited improvement in DRI values during the curing phase
can be ascribed to an unsatisfactory aeration.

The curing phase is indeed carried out through a sequential system
including forced aerated windrows and static pile. The effectiveness of
these methods is tightly related to the bulking agent, which becomes
fundamental to ensure the proper porosity and, in turn, the most ef-
fective aeration of the substrate. Iqbal et al. (2010) extensively studied
the effects of different bulking agents in MSW composting and pointed
out that free air space is influenced by both the particle size and the
compression load and it decreases as the compression force increased.
Static systems are more easily affected by compaction issues than those
based on the pile turning (Ruggieri et al., 2008), so that the curing
methods likely determined the compression of the bottom layers of the
pile from the upper ones, determining the formation of anoxic zones
(Mejias et al., 2017).

Low oxygen habitats can easily determine a strong coupling of
aerobic and anaerobic metabolisms, which, in turn, promotes ni-
trification and denitrification processes (Chiumenti, 2015). Such con-
dition could be responsible for the nitrogen reduction during the curing
stage, observed in this study.

In this framework, the maturity evaluation of the product was
fundamental to complete its characterization and to assess its possible
adverse effects on soil. Results of the phytoxicity test on L. sativum are
presented in Fig. 3. The trend in germination was in agreement with C.
sativus and S. saccharatum results (data not shown) but L. sativum was
found to be more sensitive.

According to Zucconi et al. (1985), germination index values lower
than 60% indicate phytotoxic effects significantly different from the
control. Experimental results showed that the Lepidum sativum germi-
nation index (GI) of the most diluted mixture (30%) after 15 days
curing was 85.5 ± 0.8% and little differences were observed with
higher concentrations, indicating the product maturity. However, this
parameter showed a non-linear trend, with germination fluctuating
over composting time.

As matter of fact, the germination index of extracts decreased after
45 days of composting, increased at 60 days and then decreased again,
reaching at the end of the process a value of 61 ± 0.6%, 70.1 ± 0.2%
and 75 ± 0.8% for 75%, 50% and 30% dilution, respectively.

Low germination indices are usually obtained at the beginning of a

Table 2
Carbon and nitrogen content evolution during the curing stage of composting.

Composting time [days] C [%DM] N [%DM]

30 36.2 ± 2.8 8.2 ± 1.8
45 42.6 ± 5.0 5.3 ± 0.8
60 41.9 ± 5.5 4.4 ± 0.6
75 41.3 ± 1.8 3.8 ± 0.2
90 42.0 ± 6.1 3.3 ± 0.7

Fig. 2. DRI and moisture content evolution during the curing stage of com-
posting.
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biostabilization process, as a result of the fast starting of biological
activity and the formation of germination inhibiting compounds such as
alcohols, phenolic compound and organic acids (Kazemi et al., 2016).

In the present study, the Lepidum Sativum GI values were found to be
in the range 50–59% at 45 and 75 days composting, with samples
prepared as a 75% dilution of the concentrated extract, which indicates
that the tested materials can produce an inhibiting effect: such potential
effect is increasing over the curing time, as a decreasing trend in GI was
observed and it could be attributed to the biological degradation pro-
cesses during the curing stage.

A residual amount of organic matter still susceptible to be degraded
was thus expected to be present and this hypothesis was confirmed by
the analysis of the humic substances. The humic acid-to-fulvic acid ratio
(HA/FA) is indeed widely used to describe the relative speed of HA and
FA transformation as well as the maturity of the final composts (Zhou
et al., 2014): a HA/FA ratio ranging between 3.6 and 6.2 refers to a
matured compost (Manu et al., 2017). In the present study, HA/FA ratio
enhanced during the curing stage, reaching an average value of 2 at the
end of process that indicates a maturity level of the final compost
susceptible for further improvement. However, the humification index
was always above the minimum value of 3.5% (Roletto et al., 1985),
which was suggested as an indicator of the degree of compost maturity.

4. Technical considerations

The experimental outcomes confirmed that the dynamics of biolo-
gical stabilization processes are definitely complex: in composting the
perfect balance of the variables defining the treatment performances is
fundamental to pursue the production of a stable, pathogen-free and
non-phytotoxic material, that can be used as soil conditioner.

In this view, the importance of the process monitoring is largely
recognized and full-scale facilities are usually equipped so as to control
the main parameters that describe the evolution of the biological re-
actions. Such approach is easier if composting is carried out in closed
systems, where these parameters can be automatically measured and
recorded, whereas the monitoring of composting piles more commonly
relies on manual methods.

In the plant considered for this study the active phase of composting
is performed in biocells, equipped with probes to monitor temperature
in the biomass as well as sensors to control the air rate flow, its oxygen
content, relative moisture and pressure. The monitoring is continuous
and handled via a remote control system: based on the analysis of
temperature trend, the adjustment of the biomass moisture as well as
the air flow regulation can be provided. However, the air distribution in
the biomass as well as the nitrification/denitrification processes are not
comprehensively evaluated with these systems, which do not allow the
prompt identification of either the formation of anaerobic zones or the

establishment of bio-drying conditions. The monitoring of methane and
nitrogen compounds in the biocell could provide additional information
on the evolution of the biological process, and so as the quantification
of the leachate production.

Similar considerations raise for the curing phase. In this study, the
analytical characterization of representative samples suggested that the
biostabilization extent was not fully satisfactory, likely due to improper
aeration during the curing stage. A reduction in nitrogen content was
also observed and it was ascribed to the possible formation of anoxic
zones. However, it was not possible to confirm this hypothesis, due to
the difficulties in monitoring the nitrogen losses in the pile under
curing.

The analysis of the DRI values over time highlighted the develop-
ment of the biological stabilization process, confirming that the oxi-
dative reactions did not occur properly. The use of respiration tests to
monitor the biostabilization yields can thus be a useful tool for the plant
operators to double check the process parameters.

It is worth pointing out indeed that the analysis of the sole DRI
values can address different hypothesis about the cause of the un-
satisfactory biostabilization level. Similarly, phytotoxicity tests cannot
provide comprehensive information, given the tight link between sta-
bility and maturity. The identification of the reason beyond the re-
spiration test results requires the assessment of the process parameters.
In this study the aeration was recognized as potentially inadequate,
because the observed DRI trend came along with the nitrogen content
decrease, while moisture content reflected a proper biostabilization
process. Conversely, any possible reduction in moisture content would
have most likely indicated the occurrence of dehydration rather than
biological stabilization reactions as the reason for the observed DRI
values.

Coupling the monitoring of conventional process parameters with
laboratory assessment of both the stability and maturity of the mass
under curing has been already suggested (Oviedo-Ocaña et al., 2015),
but such approach entails an economic efforts for sampling and analysis
that plant operators often cannot face. In particular, for the stability
assessment to be effective, biological tests have to be used and these are
time-consuming as well as expensive if intended to be carried out
during the overall composting process.

As the cost competitiveness of this integrated monitoring can be
decreased by reducing the frequency of lab-scale analysis, the im-
provement of process monitoring system during the curing phase is
necessary.

To this end, commercial systems providing the measurement of
moisture and temperature could be applied to verify the process ki-
netics also during the maturation step. This systems could be then used
to support a tier-based monitoring plan, setting alert levels in ac-
cordance with threshold limit values for the measured parameters,
making the lab-scale characterization more efficient.

5. Conclusive remarks

Composting still represents the most applied technique for the
biological stabilization of organic solid waste, as it is considered easier
to operate than anaerobic processes. However, the proper evolution of
degradation reactions must be carefully monitored as conventional
parameters for compost quality characterization usually provide partial
or incomplete information, which can prove to be not useful to improve
process operation and performances.

The analysis of the OFMSW based compost sampled at an industrial
Italian plant showed the fulfilment of the quality parameters estab-
lished under the Italian legislation, with the occasional exception of the
content of plastic that exceeded the threshold limit value. This condi-
tion is related to the quality of the incoming waste rather than the plant
operation mode, so that it can be easily improved via up-stream stra-
tegies acting on the yields of organic waste separate collection methods.

Conversely, the overall analysis of the curing phase highlighted the

Fig. 3. Variation in germination index (GI), expressed as percentage of the
control, during the curing stage of composting.
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key role that an integrated monitoring strategy can play to specifically
address the process operation so as to positively influence the quality of
the final product.

Although the process was indeed effective in producing a material
that, in terms of stability and maturity, can be used as soil improver
under the Italian legislation, the analysed properties indicated the need
for advanced monitoring of the process parameters. The DRI trend as
well as the analysis of the nitrogen content in the pile under curing
suggested the need for more adequate aeration. This outcome can be
considered not relevant as the overall biological stability level, al-
though increasing over curing time, was still acceptable on the final
product, indicating a moderately stable compost. However, it ac-
counted for the scarce development of the compost agronomic prop-
erties, expressed as humic substances.

As the integration of in situ monitoring with lab-scale stability and
maturity assessment results in additional operating costs, the proper
monitoring of the conventional process parameters, at least tempera-
ture and moisture, should be implemented during the overall process
and used to set up alert levels to address the periodic analysis of both
stability and maturity more efficiently. This would enhance the con-
fidence of stakeholders towards waste-based compost, thus improving
the product competitiveness on the market of fertilizer.
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