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ABSTRACT

In Italy, the Organic Fraction of Municipal Solid aste (OFMSW) is nowadays landfilled or processed
through aerobic composting. The Italian towns aulyesupport a high cost for OFMSW disposal andsesa
high environmental impact, because of long distaricevelled from towns to a few available landfiisd
fewer treatment places, as well as the used waastagement methods. An interesting option for OFMSW
Anaerobic Digestion (AD), producing biogas and &tate”. In this survey a theoretical biogas plaas
placed near a town of Sicily Region (Italy), celiead with reference to the area considered fodycing
OFMSW. The distances travelled every year to trarisPFMSW from the nine towns considered to the
nearest composting plant and the biogas one wdcalad using QGIS software. Therefore, the energy
balance was computed for each of the four congidecenarios. Within the implementation of Integiate
Solid Waste Management (ISWM) method, AD resultedri energy balance much higher than that of aerobi
composting. In fact, differently from compostingDAcan significantly contribute to energy recovemile
retaining the nutrients in the digestate produsetiraducing Greenhouse Gas (GHG) emissions. Thefuse
rational network of towns for OFMSW collection atrdnsportation results relevant, in terms of insegh
energy balance, only in the case of composting.réfbee, if AD would be implemented as OFMSW
management method, by means of biogas plants,afabtlem placed in an area including some towns, e.g
that considered in this survey, it could highlyuee the cost and the environmental impact of wdisfgsal.

Keywords OFMSW, Centralised Anaerobic Digestion, BiogasS &nergy Balance

1. INTRODUCTION the presence of vectors (i.e. insects, rodents barmts)
determining public health hazards and plant toxicit
Waste management has become a worldwide(Thorneloe and Pacey, 1994). All these negativeantyp
problem over the last 30 years (Braber, 1995;and the long time required to stabilise raw makeiicare
Sakaiet al., 1996; Lema and Omil, 2001; Habébal., period) are the major issues that make landfills
2013; Cucchielleet al., 2014). The disposal at landfills unsustainable (Pognani e¢ al., 2009). The
is the main method to manage Municipal Solid Waste Intergovernmental Panel of Climate Change (2006)
(MSW) in the world (Heet al., 2005; Pognanét al., reported that more than 60% of the total MSW preduc
2009; Rimaityt et al., 2010; Donget al., 2014). in the world is landfilled: 67% in Europe, 69% irriga,
Moreover, the Anaerobic Digestion (AD) of the 61% in America, 63% in Asia (Dong al., 2014) and
biodegradable Organic Fraction of the landfiled MS  75% in Oceania. Within EU, Greece is the only old
causes several environmental problems, like oddues  Member State where landfills have a share highan th
to Volatile Organic Compounds (VOCs) and leachate,80%, while all the other EU countries having sohhig
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landfill use are new Member States (Cucchiellal.,
2014). The European Council Directive on waste
landfills requires Member States to plan strated@s
reducing the amount of biodegradable MSW transferre
to landfills to only 35% of that produced in 199%c0 a
15-year period (EU, 1999). Moreover, accordingtie t
Directive 2006/12/EC, “the use of waste as a soofce
energy” must be encouraged by Member States asd go
manner to avoid landfill and to prevent pollution
(Novarino and Zanetti, 2012). The compliance to the
above Directives, as well as the fact that new fiind
sites are difficult to find, because of shortagetilfsable
land and opposition of people living nearby, isedfing
the use of the Organic Fraction of Municipal SaNgste
(OFMSW) to other purposes (Rimaiygt al., 2010;
Novarino and Zanetti, 2012). The high moisture eant
and low calorific power of OFMSW do not allow engrg
reclaim by its direct combustion (Chamgy al., 1995;
Rimaityt: et al., 2010). Furthermore, as OFMSW is a

(SS) OFMSW, while Mechanically Sorted (MS)
OFMSW gives lower biogas production and a residual
material which has to be disposed at landfills or
incinerated (CITEC, 2004). Two main simple
technologies have been used for the rapid AD of
OFMSW: sequential leach bed bio-reactor (O’Keefd an
Chynoweth, 2000) and Continuous Stirred-Tank
Reactor (CSTR) (Pavast al., 2000) or Batch bio-
reactor (Lissenset al., 2001; Kim et al., 2002).
Sustainable methods for waste treatment, aimed at
recycling and feeding back nutrients to soils, will
produce a high benefit for the environment (Braber,
1995; Sakaet al., 1996; Lema and Omil, 2001).

The Centralised Anaerobic Digestion (CAD) of
OFMSW inside a bio-reactor, centralised with refiese
to the area of waste collection, allows to produeghane,
determining a net energy gain and a bio-fertilfsem the
process residuals (Dagnall, 1995; Hamzatnl., 1999;
Edelmannet al., 2000; Sonessomt al., 2000). The

biodegradable material, the alternative managemengentralised or joint biogas plants are usually arfgé

methods to the disposal at landfills or incinenatare
biological processes, such as aerobic compostidgAdn
(Pognankt al., 2009; 2012).

Aerobic composting has been the main method for

scale, with digester capacities ranging from a few
hundreds of rup to several thousands of.nDenmark
was one of the pioneer countries in developing
agricultural centralised biogas plants since thelyea

managing OFMSW and has been used increasinglyl980 s. A joint biogas plant allows the valorisatiof

over the last 10 years.

As the new EU policy aims at increasing the
production of renewable energy, using also organic
wastes, the AD of OFMSW has become very popular
(Novarino and Zanetti, 2012; Tudisca al., 2013).
Furthermore, AD is nowadays a very interesting pssc
in Europe, where the number of biogas plants is
increasing (Pognargt al., 2009; Novarino and Zanetti,
2012; Comparetitt al., 2013a).

The chemical composition of OFMSW and,
therefore, the yield of AD process, is influenceg b
several factors, e.g. climate, collection frequeaay
method, season, cultural practices, changes inoiis
components (Tchobanogloas al., 1993; Pavaret al.,
2000; Saint-Jolyet al., 2000; Bolzonelleet al., 2003a;
2003b; Maceet al., 2003; Bolzonellaet al., 2005;

resources, the co-digestion of manure and otheanicg
wastes, the nutrient recycling and redistributidhus,
the biogas production cycle generates intertwined
agricultural and environmental benefits, like reaéle
energy production, cheap and environmentally hgalth
organic waste recycling, lower greenhouse gas
emission (i.e. Cil N,O and NH), pathogen reduction
through sanitation, improved fertilisation efficign
(Holm-Nielsenet al., 1997; Amonet al., 2006; Holm-
Nielsen et al., 2009; Comparettiet al., 2013a;
Cucchiellaet al., 2014; Erikssonet al., 2014), less
nuisance from odours and flies (Birkmose, 2007),
economic advantages for farmers. The digested lisma
is transferred to storage tanks, which are usually
covered with a gas proof membrane, in order toaiecl

Grillone et al., 2014). Several papers focused on aspectdN® remaining biogas (Holm-Nielsat al., 2009). The

of AD of organic wastes according to their orig;g.
market (Mata-Alvarezt al., 1992), fruit and vegetable
(Bouallagui et al., 2005), household (Krzyste& al.,
2001), food (Kimet al., 2000), kitchen waste (Rao and
Singh, 2004), bio-waste (Gallertt al., 2003) and
OFMSW (Bolzonelleet al., 2005).

A high yield, in terms of biogas and high quality
compost production, is generally associated with th
treatment of Separately Collected (SC) or Sourate8o
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biogas produced, rich in methane, would be usdeit
on-site or very near the plant. The possible uses o
biogas are: transport to the natural gas distraouti
pipeline; upgrading into vehicle fuel (like in Sway;
Combined Heat and Power (CHP) generation, for
producing hot water, to be used by the heating
equipment of the consumers in the surrounding aneia
electricity, to be sold and transferred to the grid
(Dagnall, 1995; Holm-Nielseat al., 1997; Nielseret al.,
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2002; Perssoet al., 2006; Novarino and Zanetti, 2012;
Comparettiet al., 2013a). Some of the thermal energy is

wastes, like kitchen and garden wastes (Arcdieal .,
2005), but there are a few reports on AD plant&elyt

used inside the biogas plant for process heatingoperating on household food waste separated atsour
(Holm-Nielsenet al., 1997). These biogas plants could (Bankset al., 2011). The interest in this approach is

serve either a single large farm or several onypicdlly
with in a radius of 10 km ca., because of the high
moisture content of the feedstock (6-10% dry matter
Instead, the feedstock having high dry matter (ntbag
25%), e.g. agro-industrial waste and poultry ljitesuld

be transported for higher distances, up to 50 km
(Dagnall, 1995; Bolzonellaet al., 2006). The co-
digestion of OFMSW and sewage sludge or other
substrates (agro-industrial by-products, e.g. dang
olive oil industry residues) was developed in theent
years, in order to obtain multiple waste treatmiant
plant and an increasing methane content insideakiog
(Fantozzi and Buratti, 2011).

The biogas plants can be equipped with installation
for separating the fibre and liquid fractions ofeth
biomass digested (“digestate”). The liquid fractioh
digestate is stored inside tanks and, then, usethen
farms as a pathogen free organic fertiliser (MAES36;
Novarino and Zanetti, 2012). Farmers receive bati o
the amount of digestate which they are allowedpiplya
on their fields, according to the regulation onrigut
loading/ha (Holm-Nielseret al., 2009). Thus, farmers
can save money for buying inorganic fertilisers gball,
1995; Novarino and Zanetti, 2012; Erikssaral., 2014).
Although the fibre fraction of digestate has an iediiate
value as soil conditioner (because it increasesstiie
organic matter content and improves its structuite),

growing in Europe, due to rising energy costs
associated with the processing of wet waste, the
requirement to meet the targets of the EU Landfill
Directive (99/31/EC) (EU, 1999) and the need to
comply with regulations for the disposal of aninbg}
products (EU, 2002). When AD is used to process
waste separated at source, it produces not onlyalsio
but also a high quality nutrient-rich organic fastr
(Bankset al., 2011). According to the regulations of
many European countries, whether the waste is not
separated at source but the organic fraction is
reclaimed through a MBT plant, the digestate
produced is not allowed to be applied on land
(Stretton-Maycock and Merrington, 2009). As a
consequence, government and industry are strongly
interested in the methods of AD process of hougkhol
food waste separated at source (Bagthal., 2011).

Waste management is nowadays a worldwide
problem to be solved, yet. In fact, the landfitesi have
been or will be filled in with MSW very soon in lyeand
elsewhere, where people don't accept the use of new
sites in their municipal land, while the former diifis
have to be recovered (Rimaityat al., 2010). Moreover,
the measures aimed at promoting segregated waste
collection were only scarcely implemented in Italy,
where the environmentalist movements always fight
against the building of incinerators. As a conseqgae
the inefficient waste management has often caused

may be further processed to produce a higher valugpublic health problems in whole cities (Naples,ePaio,

organic compost (Dagnall, 1995). This process,edall
aerobic “polishing”, is able to reduce odours,
pathogens, moisture and carbon content in the titges
(McDougallet al., 2001; Tchobanoglows al., 2002).
Generally OFMSW allows a high biogas yield inside
bio-reactors. When OFMSW consists of a high rafio o
garden waste, it has low pH, water content andienitr
concentrations (Rivaret al., 1989; 1990). Instead, when
OFMSW consists of a high ratio of food waste, it
contains high concentrations of proteins, origimgailso
ammonia, which can inhibit AD, especially when the
digestate is recirculated in the bio-reactor (Galend
Winter, 1997).

Furthermore, OFMSW can contain

etc.), from where sometimes waste has been tratespor
abroad (Germany, etc.).

In the above perspective the aim of this survelfds
make a virtue of necessity”: to valorise the Organi
Fraction of MSW, instead of treating it as a not
segregated waste. The motivation behind this sus/&y
provide towns with a criterion for selecting, amathg
organic waste management methods, that able to
optimise the energy balance. Thus, by means of this
criterion, town administrators could choice an ral&tive
and sustainable method for OFMSW management,
enabling to reduce the high cost and the envirotahen

considerable amounts of heavy metals and xenobiotid™mpPact of waste disposal.

compounds (Braber, 1995; Hartmann and Ahring, 2003)
Both “wet” and “dry” anaerobic technologies haveebe
used as part of Mechanical-Biological Treatment I)1B
(Mata-Alvarez, 2003). There are also examples ef th
processing of mixed source segregated biodegradabl

2. EXPERIMENTAL PROCEDURES

In this survey the energy balance of four scenarios
gor the management of the OFMSW produced in an
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area of Sicily Region (ltaly) was evaluated and only partially filled in with OFMSW, so that the

compared. transportation cost is not optimised);

This area includes nine towns of Palermo province,(2) method for OFMSW management using an
where 82 thousands of inhabitants live: Altofonte,  efficient and rational network of towns for waste
Belmonte Mezzagno, Bolognetta, Marineo, Misilmeri, collection and transportation, similar to that
Piana degli Albanesi, San Cipirello, San Giusepg® J proposed by (Menikpureet al., 2013), to the
and Santa Cristina Gela. nearest composting plant, aimed at minimising its

cost and fuel consumption;

method for OFMSW management, whereas this
waste collected in each town is transported to a
theoretical biogas plant placed at Marineo

The mass of MSWMusw) produced per year was 3
calculated according to the number of inhabitatg (3)
and the waste mass produced by one person per year
Min (Equation 1):

(Palermo);
(4) method for OFMSW management, whereas this
Mwmsw = Ninh [Moh 1) waste collected in each town is transported to a
theoretical biogas plant placed at Marineo, ushey t
Where: above efficient and rational network of towns for
Ninn = Number of inhabitants; waste collection and transportation.
M., = Mass of MSW produced by one inhabitant per
year (kg year) with assumed MSW mass of 1.2 In the considered scenarios the travelled distance
kg produced by one person per day. for waste transportation was computed by using the

plugin Road Graph for QGIS software. The selected
A sample of OFMSW was collected in Marineo town tracks can be displayed by using Google Maps or
and transported to the laboratory of the Institofe = Google Earth software.
Energy and Biotechnology Engineering of Aleksandras  According to the Italian law, the OFMSW
Stulginskis University in a day of March 2012. produced and collected can be stored for a maximum
The Total Solid (TS) concentration in OFMSW was time of 72 h, then it must be transferred to a fdhdr
determined, by drying the above sample in an owen aany treatment plant. Therefore, relying on the
105+2°C temperature for 24 h, as well as Volatiéids ~ OFMSW produced and collected in each town during
(VS) concentration, by burning biomass at 500°C a week, the truck loading capacity and the above la
temperature. Total organic Carbon concentration)(CT restriction, the number of travels needed was
was determined, by using an analyser TOC Il, a3 wel computed for each scenario.
as Total Nitrogen concentration (NT), by using a  The scenarios 2, 3 and 4 are hypotheses aimed at
Kjeldal apparatus. improving OFMSW management with reference to the
AD tests were carried out in a laboratory scale cyrrent scenario 1.
anaerobic digester under controlled temperature |n the scenarios 1 and 2 OFMSW is transported to
(38+0.5°C). The laboratory digester consists of two Sicilian composting plants, placed at Casteftauo
stainless steel vessels (having 20 litre volumethwi (Palermo) and Sciacca (Agrigento), where it isteddor
substrate mixer (having mixing intensity of 60 M)n producing compost.
The biogas produced was collected at the top of the In the scenario 2 four groups of towns, each ofrithe
digester and conveyed through the drum type flowusing the same truck, addressed to the nearest
meter to a gasholder (25 litre Tedlar® bag). Later ~ composting plant, were considered:
biogas collected was analysed by using a Schmack

SSM 6000 biogas analyser. * San Cipirello and San Giuseppe Jato, from where
The following four scenarios for waste management OFMSW is transported to Sciacca;
have been considered: * Bolognetta and Marineo, from where OFMSW is

transported to Castelbuono;

(1) currently used method for OFMSW management,* Altofonte, Piana degli Albanesi and Santa Cristina
whereas this waste collected in each town is Gela, from where OFMSW is transported to Sciacca;
transported to the nearest composting plant (is thi *+ Belmonte Mezzagno and Misilmeri, from where
scenario often the trucks must travel even if they OFMSW is transported to Castelbuonbig. 1).

1634



Antonio Comparettét al. / American Journal of Applied Sciences 11 (9831-:4644, 2014

San Vita o
Lo Capo Zpas
IEH Carin
Hiserva Naturale Palermo
Cl5tonaci Dello Zingare Montelepre 1 6,
SS187 Partinico' = =@, & o 7. 68 o
Trapani } % Mistheri _ _...C.re.f_eﬂ__u_mf.;,.nJ .
4 v | B s 1 T ey T P
. (Bl C ¥ Lermin a2 !
[ E933| Alcamo  San Gigpeppe; ... 3 3 B 720
_ 5 Jafg— 5 Tfﬁ I33
| £933 | \ : Iy 9 Caccamo Castelfuono
Calatafim i Villafrati Cerda A
€931 - = 5D =3
£ Corleone Petralia
la — Em EEAH 3
[h29' Soprana
115 ["u' { Lercara . g e
3 Friddi Valledolmo
0sino ; Monte 'tr'lih PIEE. ;
_ [A29)] ey (55188 EHl
(A29] — ~~Sambuca
00 | < diSicilia LEgEﬂd
Menfi } Burgio @ Towns
Marinella v B Mussom
(E931 | : * Composting plants
Solkria Ribéra % Theoretical biogas plant

Fig. 1. Map presenting the towns where OFMSW is collec{&yl Altofonte, (2) Santa Cristina Gela, (3) Piangldélbanesi, (4)
San Giuseppe Jato, (5) San Cipirello, (6) BelmonteZdgno, (7) Misilmeri, (8) Bolognetta, (9) Maringaj0 composting
plants, (A) Castelbuono and (B) Sciacca; (C) Marifemtetical biogas plant

The scenarios 3 and 4 follow the typical E,=E; +Eggn (2)
centralised Danish pattern, whereas OFMSW is
transported from each town to a centralised biogasynere:

plant, to be built at Marineo. _ _Ey = Energy input for OFMSW transportation to the
In these two scenarios the biogas produced is processing plant (J'tof treated waste):

converted in CHP, while th_e_ digestate is storeddens Eween = Energy input for OFMSW processing technology
tanks and, then, used as fertiliser. (3 £1 of treated waste)

In the scenario 4 OFMSW is transported, by means

of the same truck, from each of the four grouptoains In all scenarios trucks of 12 t loading capacit (1
reported in the scenario 2, to the theoretical &oglant 1 popper volume) were considered for OFMSW
placed at Marineo. transportation. As far as the fuel consumptionjsit

In all scenarios, within the cycle of organic waste gigficylt to know the effective data of used madksn
management, the energy input is needed for the step both trucks and tractors (Febo and Pessina, 1995).

waste (_:oIIection, pre-treatment, transportatior_1 the According to EUCAR (2007) a fully loaded new truck

processing plant and treatment process. This ENeT9¥% onsumes 23.5 | of diesel fuel 100 Kmassuming the

nput depen(cjis on the fpllowmg fahctors: dlstanmrfrthel density of the fuel 832 kg Thand its heating value 43.1

waste production site to the processing plant, ) ) o

transportation type (presence or absence of anadtio MJ kg . Fuel _consumpt_|on was calculated according to
d the used loading capacity of the truck.

network of towns), design of treatment plant an
processing technology. The AD results of OFMSW were evaluated by

As OFMSW can be processed into compost (in ameans of the following indicators: biogas produntio
composting plant) or biogas (in a bio-reactor), the intensity b, biogas yield from biomas8M, biogas
energy input of waste treatment technology Ein Yield from biomassTS BTS biogas yield from
(composting or AD, respectively) is the sum of the biomassVS BVS, energy obtained from biomagM,
energy input for transportatiorE, and that for from biomassTS eTS and from biomassVS eVS
processing technolog.n, (Equation 2): Biogas production intensitly indicates the volume of
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biogas produced during the time of biomass biolabic
degradation. Biogas yield from bioma&M, from
biomass TS BTS and from biomassVS BVS was
calculated by means of the following Equations $to
(Navickaset al., 2003):

B, = 3)
m

B =—* (4)

Bis =—* (5)

Where:

by = Volume (I) of biogas produced (in laboratory)
during the time interval dt (duration of biomass
biological degradation);

m = Mass (kg) of the biomass sample analysed;

mys = Mass (kg) of TS in the biomass sample;

mys = Mass (kg) of VS in the biomass sample.

The energy obtained during AD from biomassg
ers, &ys was determined by means of the following
Equations 6 to 8:

& =B, (& (6)

es =B [ (7)
&s = Bis (& (8)
Where:

&, = Energetic value of biogas (MJ ) which depends
on methane concentration in biogas (%).

The energy efficiency of OFMSW conversion into
biogas was determined as follows (Equation 10):

eM B Ein)

o 10
— (10)

3. RESULTSAND DISCUSSION

The surveyed towns of Palermo province produce
35.9 thousand tonnes of MSW per yedralfle 1).
OFMSW was supposed to be the 30% of MSW, that is
equal to 10.8 thousand tonnes, of which only thi 79
collected (Sicilian Region, 2010; Comparedi al.,
2012). Therefore, 7.5 thousand tonnes of OFMSW per
year are collected and available for compostingor

The chemical composition of OFMSW sample
resulted as follows: 15.6% TS; 91.1% organic materi
(in TS); 5.69% organic carbon; 0.328% total nitnoge
(TS). Generally optimum C/N ratios in anaerobic
digesters are in the range of 20-30 (Themelis agarid,
2004; Wardet al., 2008). The C/N ratio of the OFMSW
analysed resulted 17.4 and, therefore, optimal ADr
process. Nevertheless, in a review article (Wetrdl.,
2008) reported that lower C/N ratios (approximat@)y
are also accepted by anaerobic bacteria after an
acclimation period.

During AD tests, whose duration was 12 days, the
biogas yield obtained from biomass resulted 104.6 |
kg™ (Table 2 and Fig. 2). The methane concentration
in biogas was 61.9%. The biogas yield from organic
matter was 712.7 | K§ and, therefore, comparable
with the results of Banket al. (2011), i.e., 642 | kg
with a methane content of 62% and Bolzonellal.
(2006), i.e. 700 | kg with a biogas vyield from
biomass of 180 | kj and a methane content of 56%
from sorted OFMSW.

The biogas vyield from organic matter could be
temporally variable, due to changing life style and
consumed food composition. The results obtained by

The energetic value of biogas was determined byMata-Alvarezet al. (1992), using organic waste coming

means of the following Equation 9:

6, =0.0353%

100 ®)

Where:
Cu = Methane concentration in biogas (%)

from a large food market, show that biogas yietthfra
similar feedstock reaches 487 I'kgThe energy obtained
from biomass ) resulted 2.28 MJ kg, that from dry
matter q,) 14.68 MJ k@' and that from organic matter
(esom) 16.13 MJ k™.

In the scenario 1 the total travelled distance for
OFMSW transportation per year resulted 191,748 km,
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while in the scenario 3 this distance decreased to The scenarios 1 and 2 showed no energy production
42,432 km Table 3). capacity but only energy usage for transportatiod a
With respect to the total travelled distance pearye composting, so that they resulted in a negatival tot
recorded in the scenario 1, in the scenarios 2 4nd energy balanceF{g. 3). These results comply with those
having a rational network of towns for OFMSW qbtained by Corstemt al. (2013). In fact, differently
transportation to the nearest composting (scer@jrior from composting, AD can significantly contribute to
biogas plant (scenario 4), this distance decredsed energy recovery, while retaining the nutrients fre t

11%’1A£ﬁ and 28’9.54 I;rrlhrestp(taclti\:ewallle ?d' N digestate produced and reducing Greenhouse Gas)GHG
n the scenario e total travelled distance per_ . ..o (Corsteet al., 2013).

year decreased by 42% with respect to the scedario . . .
as well as the energy input for OFMSW In the four considered scenarios the energy input f
transportation, reduced by 40%Tgble 4). In the waste treatment technology per inhabitant was Galed

scenario 3 the total travelled distance per year the ac_cording to the number of inhabitants of each town
energy input for waste transportation decreased by(Fig- 4). The results showed that the town of Santa

78% with respect to the scenario 1. Cristina Gela has the highest energy input perhithat

In the scenario 4 the total travelled distanceygar  in all scenarios, as it has the lowest number of
and the energy input for transportation decreagetbo inhabitants and a high transportation distance.
with respect to the scenario 2, even if the sartiena In all towns the scenarios 1 and 2 showed the
network of towns for OFMSW collection and highest energy input for waste treatment technology
transportation is used in both scenarios. per inhabitant, ranging from 0.113-3.450 (scendnio

Thus, the scenario 1 is the worst one, in terms oftg 0.094-2.856 (scenario 2), with an averaged value
energy input for transportation, but the adoptidnao  0.769 GJ/inhabitant (scenario 1) and 0.636
rational network for this operation can signifidgnt & j/inhabitant (scenario 2). Instead, the scend&iasd

reduce this input, as it is shown in the scenario 2 4 showed a lower averaged energy input per

The energy input for OFMSW composting . ; - :
inhabitant, 0.375  GJ/inhabitant and  0.350
technology resulted 1751 GJ per year and, thereforeGJ/inhabitant, respectively.

higher by 29% with respect to AD technology (124D G . .
per year). Furthermore, the anaerobic treatment The _OFMSW_ composting - technology requires
technology produces biogas, which resulted in @rgn ~ €N€rgy input, which was calculated to be 232 MJ t
output of 17198 GJ. Energy input for AD resulted 165 MJ'twhich can be

The highest total energy balance per year wasCompared to the results obtained by Bolzonetlal.
recorded in the scenarios 4 and 3, 15738 and 16647 (2006) during the AD of sorted MSW (72 kWH't
respectively Table 4). equal to 259.2 MJ}).

200 250

T/4/}/4(4__' - 200

150

bSM, 1 kg!
=
=

23456789101112

Time (d)
= OFMSW bM -~OFMSW BM

Fig. 2. Biogas yield Obtained From biomass (OFMSW) duririg tasts: the histograms are the daily yie|d while the curve is the
total cumulated yieldBy,
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Table 1. Number of inhabitants and waste mass produceggasr

Town Inhabitants MSWIt] OFMSW [t] Collected OFMSW [
Altofonte 10438 4572 1372 960
Santa Cristina Gela 928 406 122 85
Piana degli Albanesi 6325 2770 831 582
San Giuseppe Jato 8799 3854 1156 809
San Cipirello 5016 2197 659 461
Belmonte Mezzagno 11190 4901 1470 1029
Misilmeri 28307 12398 3720 2604
Bolognetta 4096 1794 538 377
Marineo 6791 2974 892 625
Total 81890 35866 10760 7532
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Table 2. Results of AD tests

Indicator Rate Value
Biogas yield from biomas&y l-kg™® 104.60
Biogas yield from dry matteBgy l-kg™® 672.30
Biogas yield from organic matter By I-kg™ 712.70
Methane concentration in biog&3y % 61.90
Energetic value of biogas, e MJ-m3 21.80
Energy obtained from biomass, MJ-kg? 2.28
Energy obtained from dry matteg,e MJ-kg? 14.68
Energy obtained from organic mattegog MJ-kg* 16.13

Table 3. Travelled distances (km) for OFMSW transportatioonf the collection town (1 Altofonte, 2 Santa GriatGela, 3 Piana
degli Albanesi, 4 San Giuseppe Jato, 5 San CipirélIBelmonte Mezzagno, 7 Misilmeri, 8 Bolognefiaylarineo) to the
nearest composting (A Castelbuono, B Sciacca)emrdiical biogas plant (C Marineo)

Scenario 1
Town—Composting plant +-HB 2-B 3-B 4-B 5-B 6-A 7—A 8—A 9—A Total
Distance to plant 85 82 76 65 61 89 82 89 93
Distance per year 20740 20008 18544 15860 148841621735588 21716 22692
191748
Scenario 2
Towns—Composting plant 1+2+3B 4+5-B 6+7—A 8+9-A Total
Distance to plant 101 65 89 95
Distance per year 27472 13780 53934 15960 B\114
Scenario 3
Town — Biogas plant HC 2-C 3»C 4-C 5-C 6-C 7—C 8-C 9—-C Total
Distance to biogas plant 24 13 18 32 33 21 14 6 2
Distance per year 5856 3172 4392 7808 8052 5124 66071464 488 42432
Scenario 4
Town — Biogas plant 1+2+3:C 4+5-C 6+7-C 8+9-C Total
Distance to biogas plant 29 33 21 8
Distance per year 7888 6996 12726 1344 28954
Table4. Results of AD tests
Indicator SC1 SC2 SC3 SC4
Total travelled distance [km] 191748 111146 42432 8952
Used fuel [I] 39245 23593 8685 6147
Energy input for OFMSW transportation [GJ] 1407 846 311 220
Energy input for OFMSW processing technology [GJ] 751 1751 1240 1240
Energy output from OFMSW processing technology [GJ] 0 0 17198 17198
Total energy balance [GJ] -3158 -2597 15647 15738

materials through AD; (5) safe waste disposal radifiis.
The implementation of the above hierarchy is airaed
Waste management is a key element contributingpreventing and reducing waste production, avoiding,
to a sustainable and efficient resource use, becéus eliminating and preventing the causes of envirortalen
includes waste prevention and reuse, as well agmpact, preventing GHG emissions, saving energy,
recycling of products (Corstest al., 2013). protecting resources, creating new jobs and deirgjop
The Directive 75/442/EEC defines a hierarchy o&fiv green energy technology (Menikpura al., 2012;
waste management options, which must be appliegilby  Corsteret al., 2013; Cucchiellat al., 2014).
Member States: (1) waste prevention; (2) wasteerd(33 Yet, a combination of treatment methods to manage
waste recycling; (4) waste recovery, including the the different waste fractions, e.g. recycling anB, As
recovery of part of the energy embodied inside rawrequired for a sustainable MSW management

4. CONCLUSION

1639



Antonio Comparettét al. / American Journal of Applied Sciences 11 (98318644, 2014

(Liamsanguan and Gheewala, 2008; Ba#oal., 2009; Even if landfills usually have biogas recovery fisieis,
Tabataet al., 2011; Hoornweg and Bhada-Tata, 2012). 1700-2400 GWh ca. of potential renewable energy per
This approach, known as Integrated Solid Wasteyear is lost (Di Mariat al., 2012).

Management (ISWM), includes the source-separation o In Sicily, in 2011, 5 millions ca. of inhabitants
waste made by residents, an efficient collectioml an Produce 2 million tonnes ca. of MSW per year (430
transportation network (similar to the rationalwetk of kg/person/year), of which the 37% (159 kg/perscawye
towns used in this survey), the recovery of usefalerials ~ C&n represent the organic fraction, even if the G
and energy, as well as the disposal of residualtenas réatéd is only the 3% ca. of MSW (Comparettidl.,
(Kathiravale and Yunus, 2008; Menikpuatal., 2012). 2013b; .CUCCh'e"H al., 2014)'_ .

OFMSW contaminates recyclable materials in .W'th'n EU Irelan(_JI,_ _havmg a_population qf. 4.6
combined waste collection methods and released™lions, similar to Sicilian one, generates 3 roil
methane to the atmosphere when landfilled. Methase tonnes ca. of M.SW per year (652 ko/person/yea) ob/

a Global Warming Potential (GWP) 23 times highenth which are considered b_|odegradable. Food waste snake
that of carbon dioxide over a 100-year period (Lemnd up 25% ca. of dom_estlc_household waste and 42% of
Omil, 2001) and therefore, significantly contribsiteo commercial waste. It is estimated that 820,00Gt/ga. of
climate change  (Browne and Murphy, 2013). food waste (178 kg/person/year) are generateceland,

About 50% of MSW is nowadays landfilled, whereas whereas the catering sector produces over 100/088rt

a content of 30% ca. of OFMSW (unless paper andof food waste  (Browne and Murphy, 2013).

o : : ; In the above perspective, within the implementation
dboard luded th te (Tilch d
(Ii/laazlas%?r:a) 1;398|)nc uded in this waste (Tilche an of ISWM method, the results of this survey, in terof

: ._energy balance of the two considered processes of
Among Southern Europe countries, MSW generatlonOFMSW treatment, show that AD has an energy

lr:\ii ret;iz::llga:%csreassoedﬂl:;tS?;r:{aaser?]er;zts u:;e();(s]:?fs argfﬁciency much higher than that of aerobic comjpast
9 ’ 9 Moreover, the use of a rational network of townis fo

reql_ured to m|rr]1|m|se the |mp§ct gf_ MSW_ onh the_ OFMSW collection and transportation results reléysm
environment. The OFMSW produced in Spain, that IS o of increased energy balance, only in thesee

between 40 and 45% of the MSW, is suitable to BElUS \yhere this waste is aerobically treated, whileidt dot

for producing electricity through AD and CHP planits  gignificantly affect the scenarios where OFMSW is
fact, 8.5 million tonnes ca. of biological wastere&ve :gnverted into biogas and digestate.

processed in Spanish treatment plants in 2006 Fyrthermore, in the scenarios where OFMSW is
(Fernandez Rodriguet al., 2012). ~anaerobically digested, the highly positive endsgiance

_ Furthermore, a very high increase of anaerobically ghtained would be increased if also the energydséve
dlgest9<?| OFMSW is enwsagedflnhthe next future, yopiacing the manufactured fertilisers with theesigte
especially as a consequence of the GHG emission, .,y ced, were included among the energy inputs.

reduction agreed during Kyoto summit: a daily - :
. . This study contributes to solve the problem of wast
reduction of 180,000 tonnes of G@&quivalents can be disposal, by demonstrating the usefulness of ariwit,

estimated as contribution of AD, that is 30% cathaf . L
based on energy balance. This criterion enables to

?_:_(i)lgﬁlezrg(ljsm(;:la;g?nu;tlfggg)greed during this Summltidentify a sustainable method for OFMSW

As a result of implementing an appropriate ISWM management, i.e. Ap, providing both economic and
method, organic waste landfilling will be avoidedda ~ €nvironmental benefits. _ .
therefore, the release of methane to atmosphetebwil In fact, based on the results of this survey, & th
prevented, while resources such as energy and ialater talian towns, that support a high cost for OFMSW
will be recovered and GHG emissions will be miteght ~ transportation to landfills or composting plantsiahe
(Menikpuraet al., 2013). subsequent treatment, would implement AD, could

OFMSW is one of the largest waste fractions achieve a high saving. At the same time the
produced yearly in ltaly, as well as in other Ewap  environmental benefits for all citizens would bee th
countries. 11 million tonnes ca. of OFMSW are pamti  reduction of GHG emissions, as well as soil and
yearly in Italy but only 1% ca. is currently tredtimside ground water pollution by leachate.

AD plants. A large fraction of this OFMSW, 50% w/w The limitation of implementing the results of this
ca., together with other wastes, is disposed atfilés study is “ecomafia’, that is the mafia involved in
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