
Citation: Castelluccio, S.; Comoglio,

C.; Fiore, S. Environmental

Performance Reporting and

Assessment of the Biodegradable

Waste Treatment Plants Registered to

EMAS in Italy. Sustainability 2022, 14,

7438. https://doi.org/10.3390/

su14127438

Academic Editor: Dimitrios Komilis

Received: 11 May 2022

Accepted: 13 June 2022

Published: 17 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Environmental Performance Reporting and Assessment of the
Biodegradable Waste Treatment Plants Registered to EMAS
in Italy
Stefano Castelluccio , Claudio Comoglio * and Silvia Fiore

Department of Engineering for Environment, Land, and Infrastructures DIATI, Politecnico di Torino,
Corso Duca degli Abruzzi 24, 10129 Turin, Italy; stefano.castelluccio@polito.it (S.C.); silvia.fiore@polito.it (S.F.)
* Correspondence: claudio.comoglio@polito.it

Abstract: This study investigates how the environmental performances of biodegradable waste (e.g.,
organic fraction of municipal solid waste, green waste, agro-industrial waste) treatment plants are
reported and how their improvement is planned by the managing companies, and assesses current
key quantitative data versus the Best Available Techniques associated emission levels (BAT-AELs).
Based on their Environmental Statements (ESs), 16 installations registered to EMAS in Italy in
2021 were analyzed. A set of 15 technical-environmental-social key aspects was described through
131 different indicators. Emissions to air, odor emissions, energy consumption/production, waste
production and water consumption were the only key aspects considered significant and quantified
by at least 50% of the ESs. Improvement targets were set by 38% of the companies for process
management, and by 25% for emissions to air, for a total allocated budget of 25.2 M€. Odor emissions
were mostly below the lower BAT-AELs, while NH3 concentration values were slightly above the
lower BAT-AELs, demonstrating good performance levels and an overall improvement trend in
the period 2018–2020 (−6% and −33.6%, respectively). This study provides interesting hints on the
environmental performances of biodegradable waste treatment plants, also contributing to raise the
trust of the wide public towards this waste treatment sector.

Keywords: biodegradable waste; best available techniques; biogas; compost; environmental manage-
ment system; environmental performance indicator

1. Introduction

In Europe (EU-28) in 2018, 252.4 Mt of municipal solid waste (MSW) was generated [1],
including 140 Mt of biodegradable waste [2]. The per capita production of biodegradable
waste recorded in 2020 in Europe (EU-27) was 546 kg [3]. Biodegradable waste is defined
as “any waste capable of undergoing anaerobic or aerobic decomposition” [4], meaning the
organic fraction of MSW (OFMSW), green waste from gardens and parks, sewage sludge,
paper and paperboard, and more. Biodegradable waste should not be confused with the
narrower term “biowaste”, i.e., green waste, food waste from households, restaurants,
caterers and retail premises, and waste from food processing plants [5]. The disposal of
food waste alone was estimated to be responsible for 186 Mt of CO2 equivalent emissions
in Europe [6]. The United Nation’s 2030 Agenda established 17 Sustainable Development
Goals (SDGs), and several can be linked to waste management [7,8]. Among them, SDG
11 (Sustainable cities and communities) calls for a reduction of waste management im-
pact, SDG 12 (sustainable consumption and production) requests reductions in food waste
and agricultural and food-industry losses, and SDG 7 (affordable and clean energy) can
be supported by waste-to-energy technologies [9]. In the 8th Environmental Action Pro-
gramme [10] by the European Commission (EC), extensive focus is given to the transition to
a circular economy. A circular economy requires improved and efficient waste management
strategies [11], and a key role belongs to biodegradable waste.
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Even if paper/cardboard and textiles may also be recycled, the treatment of biodegrad-
able waste is generally based on aerobic or anaerobic microorganisms that decompose
waste into simpler organic compounds, CO2 and water, and methane from anaerobic pro-
cesses. Those treatments are usually fed by OFMSW, green waste, and sewage sludge.
Aerobic treatments produce compost, which is valuable as a soil conditioner, while anaero-
bic treatments produce biogas and digestate, which may be applied to soil as a conditioner
or sent for composting. In 2018, 58.6% of the biodegradable waste produced in the EU-28
was recycled or composted, 26.8% was used for biogas or energy production, 12.2% was dis-
posed of in landfills, 1.9% was incinerated, and 0.5% was destined for other treatments [3].
Differences among the member states are significant [3]: in 2018, virtuous countries such as
Germany, Italy, Netherlands, and Sweden recycled or recovered energy from more than
96% of biodegradable waste, while Romania, Greece, the Czech Republic, and Bulgaria
landfilled over 40% of biodegradable waste.

Extensive research has been dedicated to assessing the environmental performance
of specific technological options to valorize biodegradable waste. For instance, anaerobic
digestion and incineration with energy recovery were compared in relation to the primary
energy produced and CO2 equivalent emissions [12]. Life-Cycle Assessment (LCA) was
used to evaluate the conversion of different biodegradable wastes into biofuel [13,14], or the
use of woody biomass for polyphenols extraction [15] and soil amelioration [16]. Some stud-
ies described the environmental performance of specific technological approaches, such
as anaerobic digestion coupled with a combined heat and power plant [17]. Other studies
analyzed the environmental performance of biodegradable waste treatments in specific ge-
ographical contexts, for instance sub-Saharan Africa [18] and Sweden [19]. Although LCA
has become extremely popular, it has some documented limitations. Firstly, it may present
significant weaknesses related to data quality and reliability [20,21]. In addition, how
system boundaries are drawn significantly influences the results, especially when waste
biomass is considered [22], since clarifications on whether to include or exclude the activi-
ties occurring before its collection are necessary [23]. Furthermore, LCA results are specific
to the considered context and only valid for the analyzed case study [19].

To the best of our knowledge, in the scientific literature, there is a lack of focus on how
the companies in the biodegradable waste management sector evaluate their environmental
impacts and plan to improve their environmental performance. This work analyses the
metrics and current levels of environmental performance and the objectives set for its im-
provement by the Italian biodegradable waste treatment plants registered to the European
Eco-Management and Audit Scheme (EMAS). EMAS [24] is, along with ISO 14001 [25],
the voluntary international standard for the implementation of environmental management
systems. Unlike ISO 14001, EMAS requires organizations to annually publish the relevant
environmental information of the registered installations in an Environmental Statement
(ES), which is then validated by an independent environmental verifier. Compared to
existing literature, the main novelties of this work are the use of publicly available and
independently validated and certified data [26,27], and the emphasis on how the companies
in the biodegradable waste management sector assess their environmental performance
and plan to improve them.

This study is based on the data included in the ESs of the EMAS registered plants
operating in the biodegradable waste treatment sector in Italy in 2021. The Italian sector
was chosen as a case study representative in the European context of the countries that
are more virtuous in managing biodegradable waste [3]. The environmental assessment
presented here was aimed at: (i) identifying the performance indicators and metrics used
by the companies to describe the environmental impacts of their plants; (ii) analyzing
which aspects, how, and to what extent are these companies committed to improving their
environmental performances; and (iii) comparing the environmental performances of those
plants to the Best Available Techniques associated emission levels (BAT-AELs), defined by
the Best Available Techniques Reference Document (BREF) for waste treatment [28].
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2. Methodology
2.1. Inventory

An inventory of the Italian plants treating biodegradable waste and registered to EMAS
in 2021 was compiled in the form of an Excel database. The inventory was obtained by
cross-checking the database of the National Environmental Agency of waste management
companies [29,30] with the National Register of the EMAS-certified sites [31], considering
the NACE codes “E38.2.x” (i.e., waste treatment and disposal). The ESs of the identified
plants were screened to exclude those not matching the research scope. Specifically, the
plants performing mechanical biological treatment were excluded since their feedstock
is generally not exclusively composed of biodegradable waste, but includes mixed and
unsorted waste.

2.2. Data analysis
2.2.1. Technical Features of the Plants

The technical features of the selected plants were analyzed, collecting data about pro-
cess management (capacity, feedstock, technical characteristics of the aerobic and anaerobic
processes implemented), and exhaust air treatment. The feedstock was categorized into
OFMSW, green waste from parks and gardens, agro-industrial and livestock waste, sewage
sludge, wood and paper waste, and other waste.

2.2.2. Reporting on Key Aspects

The data reported by the companies in the ESs, describing 15 environmental, technical
and social key aspects (emissions to air/water, odor/noise emissions, waste production,
raw materials/energy/water consumption, effects on biodiversity, risks of environmental
accidents, soil contamination, stakeholder engagement, transport, process management,
and energy production) were analyzed as follows:

• Identification of the relevance of each aspect as assessed by each company, leading to
a classification as “significant” or “non-significant”;

• Identification of the specific metrics and indicators used for the quantification of each as-
pect (with a specific insight devoted to the reporting of greenhouse gas (GHG) emissions);

• Identification of the improvement objectives set for each aspect in 2017–2020, including
related actions, metrics, and allocated budget.

2.2.3. Environmental Performance Analysis

To analyze and compare the environmental performances of the selected plants, four
key performance indicators (KPIs) were adopted. The first two KPIs were odor and NH3
concentrations in the exhaust air, the only indicators described by BAT-AELs in the BREF
for waste treatment [28]. Only the plants that monitored odor and NH3 concentrations
in the exhaust air continuously, or at least three times per year, were considered, since
intermittent sampling is characterized by bias increasing at low sampling frequencies [32].
The resulting yearly average values were then compared to the associated BAT-AELs. The
other two KPIs adopted for the comparison were the compost and biogas specific (per ton
of treated biodegradable waste) productions.

Quantitative data, expressed as yearly average values for each of the 4 KPIs, were col-
lected from the ESs of each plant. For all KPIs, the trends were evaluated, also determining
the variations compared to the baseline levels reported for 2018. The presence of linear
correlations among the environmental performances reported for the four KPIs and the
plants’ characteristics was investigated through a correlation test, and correlations having
p < 0.05 were considered significant. The observed correlations were finally compared with
the scientific literature and the information reported in the BREF for waste treatment [28].

3. Results and Discussion

A total of 24 biodegradable waste treatment installations were registered to EMAS in
2021 (5.2% of the total listed in the databases of the National Environmental Agency). The
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adoption of the EMAS certification in the Italian biodegradable waste management sector is
low, but considerably higher compared to the overall European waste management sector,
which is below 1% [33]. However, 5.2% is remarkably lower than the 73.0% EMAS adoption
rate of the Italian waste incineration sector [34], possibly due to the high public resistance
faced by the waste incineration companies. This difference may suggest that, among the
reasons influencing EMAS adoption [35,36], improving company image and relationships
with local communities have a significant role.

Out of the 24 EMAS-registered plants, 16 were selected after screening the ESs, as
8 plants either performed a mechanical biological treatment of MSW or did not disclose
relevant data regarding the treatment of biodegradable waste in their ESs.

3.1. Technical Features of the Plants

All plants performed aerobic processes, while 7 out of 16 were also anaerobic. Six com-
panies announced plans to add an anaerobic section to their facility in the future. The feed-
stock of the biodegradable waste treatment plants was mostly composed of OFMSW (71%
of the total), followed by green waste (18%) and sewage sludge (5%) (Table 1), while the
composition of the treated waste was not disclosed by 4 plants. The plants that only
performed aerobic digestion treated mostly OFMSW (65% of the total) with a significant
amount of green waste (21%) and wood and paper waste (8%). The plants that imple-
mented anaerobic digestion treated less green waste (15% of the total), and no wood and
paper waste, offset by an increase in the amount of OFMSW (76%) and sewage sludge
(8%) treated. For aerobic digestion, 69% of the plants adopted static windrows and 31%
adopted dynamic windrows. Out of the 7 plants also performing anaerobic digestion of
the biodegradable waste, 2 implemented a wet digestion, and 4, a dry digestion in batch
reactors under mesophilic conditions. Regarding exhaust air treatment, 15 plants adopted
biofilters, and fewer added other devices (wet scrubber, bag filter, cyclone, water spray).
One plant used a wet scrubber as the only solution for exhaust air treatment. Overall, the
plants had a waste treatment capacity of nearly 1022 t/y, while at single plant level, the
capacity varied from 6 to 490 t/y (median value 40.2).

3.2. Reporting on Key Aspects (Significance, Indicators, and Improvement Objectives)

Table 2 summarizes the data related to the 15 environmental and technical key aspects
disclosed in the ESs. Emissions to air, odor emissions, energy consumption, waste produc-
tion and water consumption were the only key aspects considered significant by at least 50%
of the organizations. The same aspects were also the most quantified, along with energy
production, accounting for 69% of the 131 different environmental performance indicators
reported in the ESs. A strong positive correlation was found between the significance of a
single aspect and the total number of indicators used to describe it: r(13) = 0.77, p < 0.001).
The aspect of noise emissions was considered significant only by the companies managing
composting plants (50% of the total). This is possibly related to the fact that green waste
shredding and compost packaging, recognized in some ESs as the most impactful activities
regarding noise emissions, are performed on a larger scale in those plants. Unexpectedly,
noise emissions were quantified only in the ESs of aerobic-anaerobic digestion plants. On
the contrary, the aspect of energy production was considered significant and quantified
exclusively by plants performing anaerobic digestion due to their biogas production.

The improvement targets and the allocated budget followed a significantly different
distribution compared to significance and indicators. In detail, the technical aspects related
to process management exhibited the highest number of objectives (11 out of 44), and the
highest target occurrence rate in the ESs (61.5% reported at least one related improvement
objective). Otherwise, for the aspects considered most significant (emissions to air, odor
emissions, energy consumption, waste production, and water consumption), a total of
19 improvement objectives out of 44 were set. Improvement objectives were also set for the
aspects energy production (3 objectives), risks of environmental accidents (3), and releases
to water (5).
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Table 1. Summary of the main technical characteristics of the considered biodegradable waste treatment plants (OFMSW: organic fraction of municipal solid
waste; Ag&Li: agro-industrial and livestock waste). The reported annual treated waste is the mean value recorded over the period 2018–2020. All aerobic and
anaerobic processes are performed indoors. The Pa plant operates aerobic and anaerobic digestion in separate facilities. Aerobic process: St = static windrow,
Dy = dynamic windrow, ns = not specified. Anaerobic process: We = wet digestion, Dr = dry digestion, ns = not specified. Energy recovery: E = electricity
production, EH = electricity and heat production. Exhaust air treatment: x = type of treatment(s) used.

Operational Data Process Exhaust Air Treatment

Site

Feedstock
Annual
Treated
Waste

Aerobic Anaerobic Bio-Filter Wet
Scrubber Bag Filter Cyclone Water Spray

OFMSW Green Ag&Li Sew. Sludge Wood&Paper Others Type Type Energy
Recovery

% % % % % % K Tons - - - - - - - -
Pa 48 14 38 51.4 St We E x
Or - - - - - - 40.5 St Dr E x x
Fa 13 32 12 9 32 2 47.4 St x
Fm - - - - - - 25.6 Dy x x
Sd - - - - - - 17.3 St x
Lu 77 19 2 1 <1 59.9 Dy Dr EH x
Ce 86 14 1 45.2 Dy Dr EH x
Ca 80 20 <1 55.9 Dy Dr EH x x x
La 87 12 1 <1 67.5 St x x x
Es - - - - - - 490.1 St We EH x x
Sc 100 6.1 ns x
As 84 16 12.0 St x x
Ab 73 27 26.4 ns x x
Sr 93 7 39.9 ns ns E x

Bm 93 7 <1 28.5 St x x
Tc 81 19 1 7.8 St x
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Table 2. Summary of the key aspects considered in the ESs, regarding their significance assessment, quantification, and improvement targets.

Aspect
Significant Described by Indicators No. of Indicators ESs with Objectives No. of Objectives Tot Budget Budget Per Objective

% % - % - k€ k€

Emissions to Air 75.0 84.6 29 23.1 4 5600 1867
Odor Emissions 75.0 69.2 9 30.8 4 750 375

Energy Consumption 75.0 61.5 25 30.8 5 438 146
Waste Production 62.5 69.2 18 30.8 5 100 100

Water Consumption 50.0 46.2 10 7.7 1 570 570
Noise Emissions 37.5 30.8 8 0.0 0 0

Soil Contamination 37.5 0.0 0 0.0 0 0
Biodiversity 25.0 30.8 11 0.0 0 0

Raw Materials Consumption 25.0 23.1 6 0.0 0 0
Transport 25.0 7.7 2 7.7 1 0

Risk of Env. Accidents 25.0 0.0 0 23.1 3 10 10
Energy Production 12.5 46.2 11 23.1 3 335 112
Releases to Water 12.5 15.4 2 30.8 5 200 100

Process Management 0.0 0.0 0 61.5 11 17,180 2148
Stakeholder Engagement 0.0 0.0 0 15.4 2 12 6
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Process management also had the highest allocated budget (17.2 M€), followed by
emissions to the air (5.6 M€). Those two aspects accounted for over 90% of the total
allocated budget (25.2 M€), primarily due to the high resources assigned to expensive
technical interventions such as refurbishing the processes or substituting equipment. The
average budget allocated to a single objective targeting the improvement of these two
aspects was equal to 2148 and 1867 k€, respectively. No correlation was found between
the significance attributed to the mentioned key aspects and the budget allocated for their
improvement. Although the number of improvement objectives and amount of allocated
budget regarding a few aspects differed for plants performing only aerobic or aerobic-
anaerobic digestion, none of those discrepancies could be attributed to the differences in
the plants’ processes.

3.2.1. Metrics and Indicators Used to Quantify the Aspects

A total of 131 different indicators were found in the analyzed ESs. No indicator was
reported by all companies, but recurring environmental metrics were observed. The most
used indicator, “total annual mass of waste produced”, was found in 8 ESs, followed by
“total annual electricity consumption”, “total annual electricity production”, and “total
annual mass of waste produced per typology”, all reported in 6 ESs. Emissions to air
was the environmental aspect exhibiting the highest number of indicators (29). The list
of the environmental performance indicators found in at least two different ESs (Table 3)
represents a valuable reference set of metrics to describe the environmental performance of
biodegradable waste treatment plants.

Table 3. List of the most frequently reported (in at least two different ESs) environmental perfor-
mance indicators.

Aspect Indicator Unit No. of ESs

Emissions to Air Mean annual concentrations of pollutants emitted to air mg/Nm3 5
Concentration of contaminants emitted to air from grab sampling mg/Nm3 4

Total annual CO2 mass emitted to air t 3
Total annual CO2 mass avoided to air t 3

Total annual CO2 mass emitted to air per treated waste t/t 3
Emissions flow rate Nm3/h 3

Total annual greenhouse gas mass emitted to air t 2
Total annual greenhouse gas mass emitted to air by source t 2

Releases to Water Mean annual concentrations of pollutants released to water Various 2

Waste Production Total annual mass of waste produced t 8
Total annual mass of waste produced per typology t 6

Total annual mass of waste produced per treated waste t/t 2

Energy Consumption Total annual electricity consumption MWh 6
Total annual oil consumption t 5

Total annual electricity consumption per treated waste MWh/t 4
Total annual energy consumption MWh 3

Total annual methane consumption t, Sm3 2

Water Consumption Total annual water consumption m3 5
Total annual water consumption per treated waste m3/t 4

Raw Material Consumption Total annual reagents consumption t 2

Odor Emissions Mean annual concentrations of odors emitted to air OUE/m3 5
Concentration of odors emitted to air from grab sampling OUE/m3 4

Noise Emissions Maximum noise levels at the plant’s boundaries dB 4
Maximum noise levels at sensitive receptors dB 4

Energy Production Total annual electricity production MWh 6
Total annual heat production MWh 2

Total annual energy production MWh 2

Biodiversity Total site area m2 4
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3.2.2. GHG Emissions

The reporting of GHG emissions was sufficiently detailed and explained only in a few
ESs (Table 4). Of the 11 ESs reported quantitative data on produced GHG emissions, only
eight ESs also disclosed specific information on related sources. Four plants reported the
GHG emissions attributed to the biological process (i.e., CO2 emitted during composting
or contained in the biogas produced), while four and six plants reported the estimated
emissions due to energy consumption and use of fuel, respectively. The emissions related
to the combustion of biogas were not reported, since it is considered carbon neutral [37].

Table 4. Overview of the reporting of GHG emissions in the ESs. N = no, Y = yes, x = quantified.

Site
Produced Emissions Avoided Emissions

Considered Process
Emissions

Energy
Consumed Fuels Considered Energy

Produced
Fertilizers
Produced

Pa N Y x
Or Y x Y x
Fa N N
Fm Y x N
Sd Y N
Lu Y x x x Y x x
Ce Y x x x Y x x
Ca Y x x x Y x x
La N N
Es Y x Y x
Sc Y N
As N N
Ab Y x N
Sr Y N

Bm Y x N
Tc N N

None of the organizations considered the GHG emissions related to waste collection
and transportation to the plant. This omission is remarkable since, for instance, the manag-
ing company of the “La” plant estimated that the emissions related to waste collection and
transportation accounted for 70% of the total, in line with results available in the scientific
literature [38]. The contribution to GHG emissions of the disposal of the waste originating
from the plant’s activities was also neglected in all ESs.

On the other hand, the avoided GHG emissions were quantified in 6 ESs. Six out of
seven plants that produced biogas estimated the GHG emissions related to the production
of the recovered energy considering the Italian energy mix, and three plants also estimated
the GHG emissions associated with the production of conventional fertilizers. None of
the ESs estimated the avoided GHG emissions related to the landfill disposal of the waste
treated in the plant.

3.2.3. Improvement Objectives

Table 5 lists the improvement objectives set by the organizations managing the
16 biodegradable waste treatment plants considered in the study. A large variability
of actions was found among the improvement objectives set by the different companies.
“Performance improvement through renovation” was the objective with the highest occur-
rence (6 out of 16 ESs), associated with the aspect of process management. Improvement
objectives with two occurrences were found for the following aspects: releases to water,
waste production, energy consumption, and energy production. Interestingly, the aspect of
emissions to air, despite being considered significant by most companies and quantified
with the highest number of indicators, was targeted by relatively few (4 out of 16 ESs) and
different (each occurring only in 1 ES) improvement objectives, mainly related to GHG
emissions reduction.
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Table 5. List of objectives and related actions set by organizations.

Aspect Objective Action No. of ESs

Emissions to Air Reduction of GHG emissions Increased biogas recovery 1
Equipment conversion to biomethane 1

Installation of photovoltaic panels 1
Reduction of emissions Improved suction system 1

Releases to Water Reduction of discharges to be purified Realization of a coverage 2
Improvement of the management of water

discharges Construction of new tanks 2

Realization of a purifier 1

Waste Production Reduction of waste produced Increased compost recovery during refining 2
Exclusion of the biotrickling system from the

emission treatment system 1

Raising the awareness of waste donors 1
Improvement of waste management Mapping of the waste produced 1

Energy Consumption Reduction of electricity consumption Component replacement 2

Energy efficiency improvement Biomethane production from new anaerobic
composting line 1

Staff training 1
Reduction of the consumption of oil Equipment replacement 1

Water Consumption Reduction in consumption of water drawn Use of wastewater 1

Odor Emissions Reduction of odor emissions Installation of a new scrubber 1
Closure of the compost storage area 1

Increase of windrows irrigation 1
Improvement of odor management Installation of continuous monitoring 1

Transport Improvement of the viability Reorganization of the access node 1

Stakeholder Engagement Increased awareness External initiatives 1
Improvement of relations with stakeholders Guided tours 1

Process Management Performance improvement Renovation 6
Maintenance event prevention Improvement of the water network 1

Internal waste handling improvement Renovation 1
Realization of a sludge drying plant - 1

Construction of a green waste processing plant - 1
Installation of a compost pellet plant - 1

Energy Production Increase in the electricity produced Component replacement 1
Optimization of biogas production 2

Risk of Environmental
Accidents Prevention of emergencies Expansion of the storage capacity of the leachate 1

Pollution prevention Construction of a compost packaging plant 1
Fire management improvement Formation of a fire team 1

3.3. Environmental Performances’ Analysis
3.3.1. Compost and Biogas Specific Production

Considering the 10 plants reporting quantitative data on compost production from
2018 to 2020, the average value of specific compost production (i.e., tons of compost
per ton of treated biodegradable waste) was 0.140 ± 0.074 t/t. While the total amount of
produced compost increased by 7.2%, in the same period an 11.6% decrease in the average
specific compost production was recorded (0.144 ± 0.063 t/t in 2020). As expected, the
plants that focused only on aerobic treatment had a significantly higher specific compost
production (0.178 ± 0.057 t/t) than the ones that also performed anaerobic digestion
(0.093 ± 0.029 t/t) (Figure 1). The plants that employed static windrows exhibited higher
specific compost production (0.169 ± 0.036 t/t) than those using dynamic windrows
(0.090 ± 0.031). However, three out of the four plants that adopted dynamic windrows
performed both aerobic and anaerobic processes, heavily influencing this result.
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Figure 1. Influence of plants’ operations on the specific compost production.

The biogas production during the period 2018–2020 was reported by six plants, with an
average specific biogas production equal to 55.9 ± 18.9 Nm3 per ton of treated waste. The
total biogas production was almost constant during this 3 year period (−0.1%), while the
specific biogas production increased by 8.2% (57.7 ± 18.1 Nm3/t in 2020). A very strong pos-
itive correlation was found, although available data was scarce, between the specific biogas
production and the percentage of OFMSW among the waste treated, r(3) = 0.91, p = 0.034.
This result was expected as the analyzed plants that treated less OFMSW processed more
green waste or sewage sludge. Those biomasses are characterized by a higher lignin and a
lower organic content, respectively, both associated with lower biogas yields [39,40].

No linear correlation was observed between the specific compost production and
the specific biogas production for the six plants performing both aerobic and anaerobic
digestion. No linear correlation was also found between plant capacity and specific compost
and biogas production.

3.3.2. Odor Emissions and Emissions to Air

Figure 2 presents the yearly average concentrations of odor and NH3 in the exhaust
air. When data from more than one emission point were available (e.g., reception area,
composting shed, packing area), the highest emission levels were considered in the analysis.
Figure 3 compares the performances of the single plants for the two parameters.

Figure 2. Yearly average concentrations of odor and NH3 in the exhaust air. LB: lower BAT-AEL; UB:
upper BAT-AEL; cross: average; horizontal line: median.
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Figure 3. Comparison of the odor (A) and NH3 (B) emissions of the biodegradable waste management
plants with the BAT-AELs. (LB: lower BAT-AEL; UB: upper BAT-AEL).

The average odor emissions of the seven plants that reported quantitative data from
2018 to 2020 were 151 ± 35 OUE/Nm3 in 2020 (−6.0% from 2018). Odor emissions were
excellent compared to the BREF reference values, and generally the plants performed below
the lower BAT-AEL (200 OUE/Nm3). Exceptions were the “La” plant, characterized by
odor concentrations slightly above the lower BAT-AEL (217 OUE/Nm3 in 2020), and the
“Sd” plant, which reported 354 OUE/Nm3 in 2017 followed by considerably lower results
in the following years. Odor emissions were lower in plants that performed aerobic and
anaerobic digestion (148.1 ± 20.7 OUE/Nm3 in 2020) than in plants that only performed
aerobic digestion (179.3 ± 35.5 OUE/Nm3 in 2020), although the scarcity of the data must
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be noted. In the plants that perform aerobic and anaerobic digestion of biodegradable
waste, the lack of air flows in the anaerobic digesters and their gas-tight seals could limit
odor emissions during the anaerobic stage. Furthermore, the anaerobic digestate used by
those plants in the following aerobic stage should be a weaker source of odor emissions
than untreated biodegradable waste [41].

The average NH3 emissions of the 8 plants that reported quantitative data from 2018 to
2020 were 1.35 ± 1.36 mg/Nm3 in 2020, with a 33.6% decrease from the 2018 levels heavily
influenced by the 99.4% reduction of the “Es” plant’s emission levels in the same period.
NH3 emissions were generally slightly higher than the lower BAT-AEL (0.3 mg/Nm3)
and always significantly below the upper BAT-AEL (20 mg/Nm3). No significant linear
correlation between the plants’ technical characteristics and their NH3 emission levels
could be observed.

4. Conclusions

This work analyzed 16 installations treating biodegradable waste in Italy and regis-
tered to EMAS in 2021, based on the public verified and certified data presented in their
Environmental Statements (ESs), with the aim of investigating three main issues:

(i) Identification of the performance indicators and metrics used by the companies to describe
the environmental impacts of their plants: The key aspects considered significant and
quantified in the ESs by at least 50% of the organizations were emissions to air, odor
emissions, energy consumption, and waste production. A strong positive correlation
linked the significance of specific key aspects and the number of related indicators.
Produced and avoided GHG emissions were reported in 69% and 38% of the ESs,
respectively, but crucial contributions ,such as waste transportation and disposal of
the originated waste, were neglected.

(ii) Analysis of which aspects, how and to what extent are companies committed to improving
their environmental performances: Overall, the analyzed ESs declared 44 improvement
objectives: 11 related to process management, and 19 related to odor emissions,
emission to air, energy/water consumption, and waste production. Over 90% of the
allocated budget was associated with improvements related to process management
and to emissions to air, and no correlation was found between the significance of
specific key aspects and the budget allocated for their improvement.

(iii) Comparison of the environmental performances of the plants to the BAT-AELs defined for
odor and NH3 concentration: Odor emissions (151 ± 35 OUE/Nm3 in 2020) were
mostly below the lower BAT-AEL (200 OUE/Nm3), with lower (−17%) values for
anaerobic/aerobic combined processes compared with aerobic processes. NH3 con-
centrations in the exhaust air (1.35 ± 1.36 mg/Nm3 in 2020) were slightly above the
lower (0.3 mg/Nm3) and significantly below the upper BAT-AEL (20 mg/Nm3).

This study provides several interesting indications about the environmental perfor-
mance of biodegradable waste treatment plants. It showed that EMAS-registered companies
had a substantial commitment to monitoring and improving their environmental perfor-
mances, which are excellent compared with the associated BAT-AELs. Therefore, EMAS
can be considered an efficient environmental management system to improve both the
environmental performance of the registered companies and the trust of the wide public
in the waste treatment sector [42]. Moreover, EMAS ESs are a source of public, verified,
and certified data and allow the drawing of a quantitative and comparative environmental
analysis of different installations.
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