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ABSTRACT

The present article analyses the advantages of converting direct composting of the organic fraction of
municipal solid waste into a plant with an initial step of anaerobic digestion, Clear advantages come
from the energy balance thanks to the role of biogas. Important advantages are also the reduction of
surface required for treating the same amount of waste and the positive role of the anaerobic digester
for the management of odorigenous compounds. In terms of timing, anaerobic digestion allows
decreasing the time spent for the treatment. The saving of surface can be completed by the adoption of
a biotrickling filter to replace conventional biofiltration.

Keywords: anaerobic digestion, biofilter, biogas, biotrickling filter, composting, energy, OFMSW,
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1 INTRODUCTION
The amount of produced municipal solid waste (MSW) has undergone a continuous growth
in the last decades even in industrialised regions like Europe. Meanwhile, in 1999, the
European Union [1], issued the so-called “Landfill Directive” (1999/31/EC), obliging the
Member States to progressively reduce the landfilling of biodegradable waste (European
Union, 1999). The “Waste Directive” (2008/98/EC) reinforces the clear intentions of
European countries towards a sustainable management of MSW by giving priority (in order
of importance) to waste prevention, re-use, recycling, energy recovery and landfilling [2]-
[5]. To achieve these targets, mechanical-biological treatments (MBTs) of MSW have been
largely implemented in the last decades [6], with the support of growing efficiencies in the
selective collection of waste in industrialised countries [7]. MBTs act on different input
waste, such as residual MSW (in the cases of bio drying and biostabilisation), the organic
fraction of MSW (OFMSW), green waste and sewage sludge (in the cases of anaerobic
digestion and composting). Depending on the process, it is possible to achieve two main
different products: bio drying and biostabilisation eliminate or stabilise the putrescible
fraction to generate refuse-derived fuel and, in the case of biostabilisation, stabilised material
usable as a cover for landfill; anaerobic digestion (AD) and composting produce compost,
which, depending on the waste purity, may be used in agriculture. All the presented MBTs
respond to the prescriptions of both Directives 1999/31/EC and 2008/98/EC, since these
processes reduce the flow of biodegradable waste to landfill and allow for material recycling
and energy recovery. The composting of OFMSW is carried out under aerobic conditions,
with the addition of green waste as a structuring material, in order to ensure adequate waste
porosity and allow for uniform aeration. Since the input waste is a fraction of selective
collection, this process leads to material recycling through the production of high-quality
compost. On the other hand, AD allows for energy recovery through the formation of biogas.
The latter can be locally exploited by a combined heat and power (CHP) generator, to cover
the thermal energy requirements for AD and produce electric energy for distribution within
the electricity network. If the input waste is OFMSW, AD followed by composting of the
digestate represents a convenient approach allowing for both energy recovery and material
recycling in the same facility [8]. This paper intends to highlight the advantages of modifying
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a hypothetical pre-existing composting plant to an AD and post-composting plant, in terms
of space required and energy balance. The results will be discussed from a qualitative and,
whenever possible, quantitative point of view.

2 CASE STUDY

As a case study, a hypothetical composting plant is considered as the starting point of this
work. A flow diagram of a typical composting facility is presented in Fig. 1(a). The incoming
OFMSW is initially discharged in an accumulation chamber, where it is weighed, grinded,
sieved and mixed with green waste, which generally accounts for about 30% of the total
waste mass. The mixed waste is sent to a second compartment where it is subject to strong
conditions of aerobic biodegradation (biostabilisation) by forced ventilation. This first
biological step lasts about 30 days. Subsequently, the stabilised waste mixture is sent to a
third compartment (second biological step) where it is subject to natural ventilation allowing
for the maturation of compost. The duration of this phase depends on the achieved values of
the static and dynamic respirometric indexes, which quantify the level of stability of the
treated waste., but it normally lasts for about 60 days. After this period, the compost is sent
to a last compartment, where it is stored, packed and prepared for sale. In summary, from its
arrival to its storage as compost, a unit of waste spends about 90 days (about 11 weeks) in
the composting facility.

The duration of the treatment could be reduced when introducing an AD step upstream of
the former biostabilisation step (Fig. 1(b)). This phase takes place in a digester, where the
only OFMSW is biodegraded under anaerobic conditions through four phases: hydrolysis
(decomposition of organic molecules in simpler ones), acidogenesis (formation of fatty acids,
ammonia, carbon dioxide and hydrogen sulphide), acetogenesis (fermentation with formation
of carbon dioxide, hydrogen and acetic acid) and methanogenesis (formation of methane,
water and carbon dioxide). AD can be carried out under thermophilic (about 55°C) or
mesophilic conditions (about 35°C). The operating temperature has effects on the duration
of this phase, ranging (in the case of a semi-dry technology) from about four weeks, under
mesophilic conditions, to about 20 days, under thermophilic conditions [9]. During AD, a
reduction of the volatile solid (VS) content by about 50% is typically achieved [10]. The
produced digestate generally has a dynamic respirometric index lower than 1000 mgo»
kgvs' hl. This allows for a reduced duration of the subsequent aerobic phases
(biostabilisation and maturation), which can be contained in a total of about four weeks [11].
Consequently, modifying a classic composting facility to include an AD step may reduce the
duration of the whole process by five to six weeks (i.e. by approximately 38-47%),
depending on the chosen thermal conditions of the AD phase (Table 1).

By the information on the typical duration of each phase and by making realistic
assumptions on the typical volumes of the compartments that are necessary for processing
the incoming OFMSW, it is possible to compare the surface requirements of each
compartment in the hypothetical composting facility and in the modified configuration (AD
and post-composting).

A medium-size composting plant is able to treat about 50,000 t/y of waste, typically
composed of 70% OFMSW and 30% green waste by weight, corresponding to mass flows of
35,000 t/y and 15,000 t/y of OFMSW and green waste, respectively. Considered the typical
densities of compacted food (1,029 kg/m®) and green waste (445 kg/m®) reported by the
Environmental Protection Authority of the State Government of Victoria (EPA Victoria), the
density of the 70%-30% mixture results as about 730 kg/m?® [12]. The mixture of OFMSW
and green waste is often arranged in parallel heaps or trenches, whose top may reach 2 m.
Each trench can be approximated as a trapezoidal prism with top base equal to the height
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(2m) and bottom base of 6 m, by assuming lateral slopes of 45° (Fig. 2). In order to let
operators and forklifts move, each trench can be assumed as surrounded by 2 m of free space
on all sides. The same configuration may be adopted in both biostabilisation and maturation
phases, regardless of the considered process (composting or AD and post-composting).

Green a)
waste

OFMSW

Y

Biostabilisation Maturation

Green b)

Biostabilisation Maturation

Figure 1: Flow diagrams of (a) the hypothetical composting plant and (b) its conversion to
an AD and post-composting plant.

Table 1: Typical duration (in days) of the phases in the three here considered scenarios.

Phase Direct Mesophilic AD and post- Thermophilic AD and post-
composting composting composting

AD - 28 20
Bio- 30 14 14
stabilisation

Maturation 60 14 14
TOTAL 90 56 48

zA

\J

X
Figure 2: Scheme of the geometric approximation adopted for waste trenches to estimate the

surface occupied by the aerobic biodegradation phases.
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In the case of AD and post-composting, the same mass flow of OFMSW considered in the
composting process can be assumed (35,000t/y). Differently from composting, a lower
amount of green waste is usually required in the post-composting process, so that the
composition of the input waste is usually 80% OFMSW (which undergoes AD) and 20%
green waste (which enters the process in the biostabilisation phase). The resulting green waste
mass flow is 8,750t/y. Considered that: 1) the total solid (TS) content and the VS to TS ratio
of food waste can be respectively assumed as 70% and 83% [13], and 2) AD reduces the VS
content by 50%, the digestate mass flow would result as about 25,000 t/y. The digestate
density can be assumed as 990 kg/m? [14]. By adding the green waste mass flow, a total mass
flow of about 34,000 t/'y would undergo the aerobic phases. The mean density of the mixture
of digestate and green waste can be estimated as equal to 850 kg/m>. For simplicity, all
calculations consider that the plant operates continuously all year.

3 RESULTS AND DISCUSSION
3.1 Energy requirements

The introduction of an AD step into the conventional composting process allows for obvious
benefits from the point of view of the energy balance, since AD generates biogas that can be
burned in a combined heat and power (CHP) generator. In case AD is carried out under
thermophilic conditions, the self-consumption of thermal energy can be assumed as 25% of
the thermal energy produced by the CHP generator. The self-consumption of electric energy
is mainly related to the aeration of the heaps in the aerobic phases and can be assumed as
10% of the electric energy produced by the CHP generator. In the case of direct composting,
no thermal energy is required, while electric energy consumption for aeration can be
calculated by scaling up the estimation made in the case of AD and post-composting,
according to the higher amount of waste mass flow. The typical productivity of biogas in a
semi-dry anaerobic digester is about 100-150 Nm*/topmsw. If considering an average biogas
productivity of 125 Nm*/tormsw, @ methane content of 60% in the biogas, a lower heating
value of 35.28 MJ/Nm?, thermal and electric energy conversion efficiencies of 40% and 38%,
respectively, both the energy consumptions and productions can be easily estimated
(Table 2). In the case of mesophilic AD, the thermal energy required to heat the digester can
be estimated with the hypothesis that the mean outdoor temperature is 15°C throughout the
year. Thus, since the desirable digester temperatures in mesophilic and thermophilic
conditions are 35°C and 55°C, respectively, the differences between the target temperatures
and the mean outdoor temperature are respectively 20°C and 40°C. By assuming the steady-
state relationships for thermal conduction and convective heat transfer, the necessary heat
flux is directly proportional to the temperature difference. Consequently, mesophilic
conditions would require half of the thermal energy that should be supplied to the digester
under thermophilic conditions.

Table 2: Estimated energy balance in the three considered scenarios. Legend:
C=Consumption; P=Production; B=Balance, DC=direct composting; mAD,tAD
=mesophilic or thermoph. anaerobic digestion.

Thermal energy [MWhy/y] Electric energy [MWhe/y]

C P B C P B
DC 0 0 0 1,455 0 -1,455
mAD 1,286 10,290 9,004 978 9,776 8,798
tAD 2,573 10,290 7,718 978 9,776 8,798

WIT Transactions on Ecology and The Environment, Vol 224, © 2017 WIT Press
www.witpress.com, ISSN 1746-448X (on-line)



Energy and Sustainability VII 305

It is clear that direct composting implies a negative energy balance, since electric energy
consumption is not compensated by in-situ electric energy production. As expected,
mesophilic AD allows for a higher thermal energy balance, since lower energy is necessary
to heat the digester. However, even in the case of thermophilic conditions, the biogas
exploitation in a CHP generator produces more thermal energy than that required to heat the
digester. Thus, a medium-size AD and post-composting facility would be energetically
autonomous.

3.2 Space requirements

In the case of direct composting, biostabilisation and maturation are supposed to last 30 and
60 days, respectively. The assumed total waste mass flow is 50,000 t/y. Consequently, the
biostabilisation and maturation compartments can host about 4,100 t and 8,200 t of waste,
respectively, corresponding to volumes of about 5,600 m* and 11,200 m’. If adopting the
trench configuration presented in Section 2 and considering each trench 80-m long, the cross
size of the biostabilisation building would measure about 74 m, resulting in an area of 5,920
m?. The maturation building would measure 80 m x 146 m, giving an area of 11,680 m?. In
total, the biostabilisation and maturation buildings would occupy a surface of 17,600 m?.

In the case of AD and post-composting, biostabilisation and maturation would last about
14 days each. According to the assumptions made in Section 2, the total waste mass flow
would be 34,000 t/y, with mean density of 850 kg/m3. Therefore, biostabilisation and
maturation compartments should host about 1,535 m® each. If considering the same
configurations assumed for the trenches in the case of direct composting, the biostabilisation
and maturation buildings would occupy a total surface of 4,800 m?. This surface adds up to
that required for the anaerobic digester and the biogas exploitation section. Based on a design
parameter retrieved by real plants, the volume required by AD may be assumed as 0.75
m?/tormsw. Considered the input OFMSW mass flow of 35,000 t/y and the duration of AD in
the case of mesophilic conditions (four weeks), the anaerobic digester would require a
volume of about 2,000 m®. If assuming that the anaerobic digester is 5-m high, the occupied
surface would be approximately 400 m2. Lower surface would be required if AD was carried
out under thermophilic conditions: due to the lower residence time in the digester (about 20
days, compared to the four weeks required under mesophilic conditions), the resulting surface
would be 290 m?. With the exclusion of the space required for the CHP generator, mesophilic
and thermophilic AD, followed by post-composting, would require 70% and 71% less surface
in comparison with the conventional direct composting process, respectively. Fig. 3 presents
the results of the surface occupancy in the case of direct composting, mesophilic AD and
post-composting, and thermophilic AD and post-composting, based on the input waste mass
flows considered for a medium-size facility. The exclusion of the CHP generator from the
estimation of the total surface occupancy is motivated by the extreme compactness of such
technology. As an example, a CHP generator capable of developing an output electrical
power of 2 MW, (which would be suitable for an input OFMSW flow rate of about 60,000
t/y) would occupy a surface of about 10 m?. Even considering additional surface for a
desulphurisation system (which could be assumed as equal to the surface occupied by the
generator), the surface occupancy of the whole biogas exploitation system would represent
less than 1% of the total surface covered by the facility. Thus, in terms of space occupancy,
the contribution of the biogas exploitation system is negligible.
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Figure 3: Comparison between the considered scenarios in terms of estimated surface
occupancy.

Moreover, additional space would be available by introducing a modification in the air
treatment line. Traditionally, the abatement of odours, volatile organic compounds, sulphides
and ammonia released in the waste air of MBTs is carried out by the adoption of open-bed
biofilters [15]-[20]. Due to the need for ensuring a sufficient residence time for the
biodegradation of air pollutants and homogeneity of the treatment, biofilters require large
areas to operate properly and to allow for satisfying removal efficiency. Operatively,
biofilters must meet specific design criteria [21], concerning the superficial gas velocity (i.e.
the outlet velocity of the treated gas normalised to the biofilter area), the volumetric load (i.e.
the airflow rate normalised to the biofilter volume) and the empty-bed residence time (i.e.
the time requested by the influent gaseous stream to pass through the empty volume that the
filtering bed would occupy). Recent studies [22], [23], highlighted the benefits achievable
when replacing conventional biofilters with the so-called bio-trickling filters (BTFs).
Benefits are also achievable in terms of space reduction, mainly thanks to the generally lower
empty-bed residence time required by BTFs and to the less stringent requirements on the
superficial gas velocity, which make BTFs more compact and developed in the vertical
dimension. According to a recent work [24], the replacement of a biofilter with an equivalent
air treatment system based on BTFs would reduce the area for air treatment by about 85%,
value significant in the frame of waste treatment plant enhancement [25].

4 CONCLUSIONS
The contemporary recovery of material and energy achievable when integrating AD with
composting perfectly interprets the hierarchy of priorities given by the current environmental
legislation. Indeed, in an exclusively aerobic process, volatile organic matter would be
oxidised to CO2 with no energy recovery. On the other hand, the addition of an anaerobic
step allows both transforming volatile organic matter in a substance (biogas) that is
exploitable for energy purposes and preserving the agronomic value of the remaining amount
of organic carbon, which is transformed into compost. From the point of view of the energy
balance, this conversion is surely positive. The excess energy produced in the AD stage could
be sold to the market: electric energy could be distributed through the electricity network and
thermal energy could be supplied to the local district heating. In addition, the introduction of
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the anaerobic stage allow reducing the space occupied by the former composting facility for
three main reasons:

o the residence time of the input waste in the facility may be up to 47% lower than
direct composting, and lower residence time entails lower compartment volumes;

e the anaerobic pre-treatment reduces the waste mass flow entering the aerobic
compartments, which are the most surface-consuming stages of the process;

e AD and biogas exploitation systems are considerably compact technologies with
respect to the volume required by aerobic biodegradation.

As a result, in the case of a typical medium-size plant, a 70% reduction in the surface
occupancy might be achieved when converting a direct composting plant into an AD and
post-composting process. Such a choice would reduce the investment costs to purchase
terrains and build the aerobic compartments. On the other hand, the initial investment would
necessary include the purchase of the anaerobic digester and the biogas exploitation system.
However, the possibility to sell the excess produced energy would ensure an economic return
covering the initial investments in the midterm and additional long-term profit. The choice
of operating AD under mesophilic or thermophilic conditions seems not to have particular
influence on the space required by a medium-size facility. From the point of view of the
energy balance, if supplying the net thermal energy to the local district heating network were
an option, mesophilic conditions would be preferable, since a higher amount of net thermal
energy would be available.
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