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Abstract

In this study a combined anaerobic/aerobic fulless¢eeatment plant designed for the
treatment of the source-separated organic fraafomunicipal solid waste (OFMSW) was
monitored over a period of one year. During thigquk full information was collected about
the waste input material, the biogas productiore thain rejects and the compost
characteristics. The plant includes mechanical tyfga&tment, dry thermophilic anaerobic
digestion, tunnel composting system and a curiresphio produce compost. To perform the
monitoring of the entire plant and the individuéss, traditional chemical methods were
used but they present important limitations in dateing the critical points and the
efficiency of the stabilization of the organic negitt Respiration indices (dynamic and
cumulative) allowed for the quantitative calculatiof the efficiency of each treatment unit.
The mass balance was calculated and expressednis & Mg y* of wet (total) matter,
carbon, nitrogen and phosphorous. Results showdtiratg the pre-treatment step about 32%
of the initial wet matter is rejected without anyeatment. This also reduces the
biodegradability of the organic matter that conéisuo the treatment process. About 50% of
the initial nitrogen and 86.4% of the initial phbgpous is found in the final compost. The
final compost also achieves a high level of stahilon with a Dynamic Respiration Index of
0.3 £ 0.1 g Qper kg of Total Solids per hour, which impliesealuiction of 93% from that of
the raw OFMSW, without considering the losses oflbgradable organic matter in the refuse
(32% of the total input). The anaerobic digestioncpss is the main contributor to this

stabilization.

Keywords: waste treatment plant; municipal waste; wastec@geparation; mass balance;

nitrogen; phosphorous; stability.



1. Introduction

The Organic Fraction of Municipal Solid Waste (ORFMpBIis a highly biodegradable
material; therefore the most suitable alternatiagswof management are biological processes,
such as composting and anaerobic digestiogdé and Sponza, 2005). Composting
represents the main biological treatment technologd to treat the OFMSW, and in the last
10 years, the number of composting plants has sieaalily increasing (Pognani et al., 2009).

Although industrial scale composting facilities baween constructed and operated in
the recent years, the efficiency and the mass #Hoalysis of these facilities is still unclear.
Several types of waste treatment plants have bsed to perform partial mass balances to
assess their performance and efficiency. Sommerlaid (1999) studied the nutrient and
carbon balance during the composting process gf titter. de Araujo Morais et al. (2008)
identified the critical steps of a mechanical bgit@l treatment plant located in France. This
study highlighted the importance of a mass baldacassessing the actual performance of
waste treatment plants. Also, Banks et al. (201drfopmed a mass balance to study an
anaerobic digestion plant of domestic food wastéeims of biogas and energy production.
Other studies have been focused on specific bicdbgreatment technologies performed at
full-scale facilities (Correia et al., 2007; Cogaait al., 2008; Vaz et al., 2008). However, there
is a reduced number of works in which complex @aimcluding anaerobic digestion and
composting) are studied in terms of mass balanaagushemical and respiration
measurements. The fate of the nutrients in thetpland the final stability reached are also
poorly studied (Ponsa et al., 2008).

Mass balance in waste treatment plants is geneealbyessed as a function of wet
matter or dry matter, but it is also interestinget@ress the mass balance as a function of

other parameters, such as organic matter or oxelatiganic matter (Aradjo Morais et al.,



2008). However, the analysis of the efficiency ofamic waste treatment plants requires a
reliable measure of the biodegradable organic mathatent of the materials during the
process steps. Respirometric indices (Adani e28@D1; Barrena et al., 2005) and anaerobic
assays such as the anaerobic biogas potential (AB®)sa et al., 2008; Pognani et al., 2010)
can be useful to indicate the amount of readilydbgradable organic matter that has been
decomposed during the overall process or a spetéjz.

Our approach in this paper is to assess the pesfozen of a combined
anaerobic/aerobic full-scale municipal source-sajearwaste treatment plant. To achieve this
general objective, mass balance was performed ghrthe entire plant and it was expressed
as a function of wet matter, carbon, nitrogen ahdsphorous content and compared to the
evolution of the biodegradable organic matter cointé the OFMSW followed by respiration
indices. These indices were also used for the cteraation of the efficiency of degradation
of the biodegradable organic matter during thedgimial process. The final objective of this
paper was to assess the efficiency of the diffesteps of the facility and to express the
input/output steps in terms of Mg \of carbon, nitrogen and phosphorous. This perthits
evaluation of the plant performance from an ovepalint of view. To our knowledge, no

similar works are reported in literature.

2. Materialsand Methods
2.1. Plant characteristics

During one year a complete monitoring of a fulllecanaerobic digestion plus
composting plant located in Barcelona (Spain) wadgopmed. This facility is currently
operating and has been designed to treat 25,009edij of OFMSW coming from a street
bin source-separated collection system. In thiepé#pe facility is sub-divided into four main

steps: pre-treatment step, anaerobic digestionpostimg/curing phase and compost refining.



The facility configuration is presented in detail Figure 1. The pre-treatment step was
designed to concentrate organic matter before @icdd treatment and to remove inert
materials. The anaerobic digestion process is basedhe DRANCO (DRy ANaerobic
Composting, OWS, Belgium) technology. It is a drgqess at thermophilic temperature (50-
55°C). The digester mixing is provided by the rediation of the digested material
(digestate). The retention time is 22 days anddtbester capacity is 1700°niThe digestate
composting process is performed in two phasessadecomposition in aerated tunnels and a
curing phase in turned piles.

Samples for the mass balance were collected framrtbst important points of the
plant (Figure 1). The samples selected for theystudre subdivided into input and output
materials. As input materials the OFMSW, the disioeous earth and the bulking agent were
identified. As output materials the pre-treatmegitise (waste from the ballistic separator of
the pre-treatment step), the material rejectedheygrinder/pump system, the leachate, the
biogas, the compost refuse plus dust (from the cmmpefining process), and the final
compost were identified. Pre-treatment output, eotae digestion output and composting
phases outputs were also used as critical poirdgsdluate the yield of each step regarding the
level of respiration stability achieved.

To assess the performance of the plant, the sansglested were also used to
determine the biological and chemical charactessof the waste at the different steps

analyzed.

2.2. Respirometric and biogas potential assays
The procedure established in this study for therdahation and calculation of the
dynamic respiration index (DR}) and the cumulative respiration activity (ATs based on

previous works (Adani et al., 2004; Barrena et 2005; Ponsé et al., 2008; Pognani et al.,



2010). Briefly, it consists of several glass flaskctors, a thermostatic bath at 37°C, a control
cabinet, an oxygen sensor, an air supply systeredbas mass flow-meters and a personal
computer unit. DRI was expressed as g of oxygeswoed per kg of total solids per hour (g
0, kg* TS i) and it is presented as an average of a duplinatsurement. It corresponds to
the average value of maximum respiration activityirly 24 hours. AT was expressed as ¢
of oxygen consumed per kg of total solids (g kg™ TS), and it is also presented as an
average of a duplicate measurement. Detailed irdbom of both methods can be found
elsewhere (Ponsa et al., 2010a)

ABP data was obtained according to Pognani et 201f) during 21 days of
incubation of the samples under anaerobic condit{@BP,;). DRI, AT, and ABR; were
used to monitor the biodegradation of the organatten and the efficiency of the treatment

plant.

2.3. Analytical methods

Analytical methods were carried out on a represemtdample (approximately 20 kg)
obtained by mixing four sub-samples of about 5 &ghe taken from different points of the
bulk material. Samples were ground to 15 mm partétte to obtain representative samples.
The samples were frozen at -18 °C within 12 houtsr ssampling. Before each analysis
samples were thawed for 24 hours at room temperatMe have recently observed that this
procedure is the most adequate to preserve thelsamplogical activity, especially when
respiration indices need to be measured afterifrg€Pognani et al., 2011).

These representative samples were used to carrgllaime analytical tests according
to the Test Methods for the Examination of Compustand Compost (USDA, 2001): pH
(Method 04.10), Total Solids (TS) (Method 03.09-Aplatile Solids (VS) (Method 03.09-

A), Total Organic Carbon (TOC) (Method 04.01-A)taloKjeldahl nitrogen (TKN) (Method



04.02-A), ammonia nitrogen N-NHmeasured on fresh material) (Method 04.02-B) tatel
nitrogen No: (TKN plus N-NH). In addition, the total phosphorous content (reggbas BOs)
was measured according to APHA (1998) (Method 4BQ0-and fat content according to
USEPA (1998) (Method 9071B). All tests were perfedrin triplicate and the results are
presented as an average value followed by the spwreling standard deviation. This
standard deviation corresponds to the sub-sampkasned during one year of measurements

(from 4 to 5 samplings that correspond to 12 oadalysed sub-samples).

3. Result and discussion
3.1. General mass balance

A complete characterization of the facility in teyrof TS, VS and percentage of wet
matter was performed (Figure 1). The plant treaemind 23000 Mg OFMSWyin wet
weight (w.w.) (TS content of 285 + 37 gkgv.w. and VS content of 787 + 72 g kgS).
This corresponded to the 89.5% of the total wasatéd. The plant used a small amount
(2700 Mg Y of diatomaceous earth waste with vegetal greema fhe biodiesel industry
(TS of 807 + 80 g kgw.w. and VS of 539 + 210 g KgTS) as co-substrate to improve the
anaerobic digestion performance (Fountoulakis amahis, 2009; Ponsa et al., 2011). This
co-substrate was characterized by a high fat co@® + 209 g kg TS) and it is practically
free of nitrogen and phosphorous. Diatomaceoud esdste was added to the OFMSW
before the pre-treatment at a volumetric ratio :aD1to form the initial mixture (TS of 341 *
26 g kg*w.w. and VS of 607 + 164 g KgrS) (Figure 1).

The plant has two types of rejected materialstitied as the pre-treatment refuse and
the compost refuse (TS of 393 + 99 and 619 + 4 fwkgv. and VS of 506 + 24 and 345 + 18
g kg* TS, respectively) (Figure 1, Table 1). Large wastere manually pre-selected before

disposing the initial mixture to the pre-treatmestdgp and they were sent to other recycling



facilities. Pre-treatment refuse together with tieéining refuse material corresponded to
35.7% of the initial mixture (OFMSW plus diatomaasaearth) and they were disposed in a
sanitary landfill.

During the anaerobic digestion step, 50.9% of thigal mixture wet matter was
digested and 15.9% was transformed into biogas3(40d y*). The obtained digestate was
mixed with bulking agent (TS of 713 + 81 gkgv.w. and VS of 936 + 3 g KgTS) in a
volumetric ratio of 1:4 (digestate/bulking agent)Jdacomposted in a tunnel composting
system (5 tunnels) during 7 days. At the end oftthmnel phase, semi-composted material
(TS of 558 + 30 g ky w.w. and VS of 426 + 30 g KgTS)was transferred to a maturation
area to be cured for 1 to 2 weeks in turned piles. final compost (TS of 604 + 4 gkgv.w.
and VS 397 + 17 g kyTS) (Figure 1, Table 1) was treated using a trohsmeen (10 mm of
cut-off) to remove the residual bulking agent aesidual impurities before being stocked and
marketed. Bulking agent not degraded was re-utilize

Leachate (TS of 50 + 24 g Rgv.w. and VS of 497 + 67 g KgTS) was stored in the
plant and transported by a tank truck to a wastewtedatment plant twice a month. Leachate
generation was mainly located in the pre-treatnstep, the tunnel phase, the condensates
derived from the post treatment of biogas and tlad falls into the perimeter of the facility

(Figure 1). 70 L of leachate per Mg of initial mixé were produced.

3.1.1. Mechanical pre-treatment mass balance

The OFMSW was transported to the plant and it wasgssed every day. In the
discharge area, the OFMSW was mixed at volumed#tio of 10:1 with diatomaceous earth
and the initial mixture passed to the mechanicaltgratment step, consisting of a garbage
bag opener machine followed by a ballistic separdibe heavy/small fraction was mainly

constituted by organic matter and continued thecgss to the anaerobic digestion step



whereas the light/large fraction passed trough gneiic separator to collect metals (113 Mg
y! plant manager personal communication). The rdstthis fraction was rejected,
constituting the refuse of the pre-treatment stéqe specific distribution of wet matter in the
pre-treatment step was: 32.0% of the initial wetteravas rejected in the pre-treatment step
(8221 Mg y' of wet matter; 1292 Mg¥of C, 48.5 Mg { of Nyt and 1.5 Mg ¥ of P,Os)
(Figure 2) and 67.6% of wet matter continued toghader/pump system and the anaerobic
digestion step. Manual characterization of thetpratment refuse showed an average weight
composition of: 44.01% of organic fraction (incladipaper, carton and textile), 38.85% of
inert fraction (plastic, glass and others), 7.3@metals, 5.66% of vegetable fraction (leaves,
branches and little plants) and 4.12% of bags pehdFigure 1).

The little difference between the VS value of thigial mixture and the VS value of
the pre-treatment refuse sample (Figure 1), joinilyr the high respirometric index (DRI
and AT;) and ABR; values (Table 1), indicated that part of the ahibiodegradable organic
matter was diverted to the refuse instead of bpmogessed in further steps. Furthermore the
storage time of the initial mixture and the dilutiof VS due to the addition of diatomaceous
earth (VS of 540 + 21 g kKof TS), could determine the reduction of VS inditg that the
efficiency of the pre-treatment process shouldrbproved (Pognani et al., 2010). Although
there are scarce publications on the effect of ghetreatment steps in complex waste
treatment plants, these results confirm the previgloservations by other authors related to
the loss of biodegradable organic matter duringpiestreatment step (Muller et al., 1998;
Bolzonella et al., 2006; Ponsé et al., 2010b).

During this step a considerable part of leachate praduced. Raw OFMSW presents
high moisture content (typically more than 70%) @#sdnanipulation due to the addition the
diatomaceous earth and the charging operation ¢obtg-opener equipment caused an

important loss of liquid. Unfortunately, due to tiraitations of the leachate collection system



design it was not possible to quantify where ana/ Inouch leachate were produced and to

identify the sources of the wet matter (Table Ijtamed in the leachate stream.

3.1.2. Anaerobic digestion step

The organic fraction coming from the pre-treatmstefp moved to the grinder/pump
system. The grinder reduced the particle size ef dlganic matter to prepare it for the
anaerobic digestion and the pump mixed the freshigested material with the digestate to
warm it up and to homogenize the input mixture ptm pump it into the digester. Water
vapour was used to warm up the initial mixture bgams of a heat exchanger.

The grinder had an efficiency of 98.8% (Figure Plafit manager personal
communication). This causes a loss of 208 Mgf wet matter (51 Mg of C¥y; 2.6 Mg of
Nt Y and 0.2 Mg of BOs y*) with respect to the input material to the anakraligestion
process (17373 Mgyof wet matter) that was daily collected during theaning operations
of the plant and sent to landfill (Figure 2).

In the anaerobic digestion step 58.5% of the V#effeed were converted mainly to
biogas measured at normal conditions (0°C, 1 atith) avvalue of 746 NFAMg™ of VSiceqa
which is similar to those found in other studiesngsthe OFMSW coming form a source-
separated collection system (Pognani et al., 2B085sa et al., 2011). The average production
of biogas was estimated at 5200 Naay* and 1900000 Nrhy™. The biogas production was
466 Nt Mg of wet matter resulting in an output flow of 1081y of C y* calculated on an
average composition of biogas of 35.7% Cé&nhd 64.3% ClHfor this kind of wastes
(Davidsson et al., 2007; Mata-Alvarez, 2003).

Biogas was post-treated before its utilizationdrgenerator units producing 46 myi*
of condensate (plant manager personal communigatBiogas was burned to produce

electricity (sold to an electrical company) and heater. The nitrogen content in the
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condensate water obtained during the post treatrokmftiogas could not be determined
because samples were not available. In Schievaab €011) it was reported that the total
nitrogen content (mainly in the form of ammonia}ie biogas moisture was typically in the

within the range of 2 to 3 gilkg ™ of condensate.

3.1.3. Composting process and curing phase

To improve the porosity, to reduce the moistureteohnand to promote air circulation
through the mass of the digestate, wood chips amaing wastes were used as bulking agent
and were added at a ratio of 1:4 (v:v, digestatkibg agent) using an industrial homogenizer
(Ruggieri et al., 2009). The mixture (digestate amibd chips) was aerobically decomposed
in a tunnel composting system. The residence tihieeotunnel phase was one week. During
this phase air was provided discontinuously (4 raeration/11 min non-aeration). The
temperature of the mass was monitored to ensumitect hygienization, which was easily
achieved (data not shown). Oxygen content wasratsuitored and the concentration of 10%
(v/v) in the outlet air was guaranteed to ensui the process occurred under aerobic
conditions (Leton and Stentiford, 1990). The excekssnoisture content was collected in
leachate collection pipes. At the end of the turptese the semi-composted material was
transferred to the curing area for 1 to 2 week® Glring phase was performed in piles that
were turned twice a day. The objective of this l@stogical step was to achieve a complete
biodegradation and stabilization of the remainiragbgradable organic matter and to reduce
the moisture content.

As observed in Figure 1 it may appear that fromeawiaic digestion to the curing
phase only a reduction of 6.6% of wet matter wdseaed. However, it should be considered
that prior to the composting process, bulking agesd added, which increases the amount of

slowly biodegradable matter. This bulking agent waparated at the final refining stage.
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Other works have shown the influence of bulking ragpresence in the final compost
(Ruggieri et al., 2008).

An important point in the mass balance of compgsis related to the gaseous
emissions produced during this step. In this pldmse emissions were collected and treated
by means of an acid scrubber and a biofilter sysi@ata on emissions from the biofilters of
this plant are available in Cadena et al. (2009a).

Although NH; and CQ emissions could not be experimentally determinadhg the
composting stage, they could be estimated frond#tia presented in Pognani et al. (2010).
NHs; emissions were estimated using the NzNkontent of the samples at the beginning
(digestate, 11.0 g kKgof N-NH," on TS basis) and at the end (last windrow, 1.5y4df N-
NH;" on TS basis including the bulking agent TS conteitthe composting process.
Ammonia content reduction demonstrated that duthrey composting phase 85% of NH
(calculated on TS basis) was emitted (74% on V3spasrresponding to 9.3 Mg'yof Ny
on VS basis. Other works have highlighted the fEghmonia emissions observed during the
composting of digested materials, which it is ndiyndue to the high content of N-NfHthat
it is produced during anaerobic digestion (Pagdrd., 2006). In this case, the average pH
value of the piles was 8.7 = 0.2, which reinforlce hypothesis that an alkaline pH provokes a
high ammonia emission.

At the same time, the amount of €€missions could be estimated for the composting
process from respiration data. An ultimate AT aq#ély,, which measures de total content of
biodegradable organic matter) was performed dudimgeeks. During this time the production
of CO, was recorded and the emission of C was estimatée in the range of 656 (for two
weeks of composting process) to 956 My (Jor three weeks of composting process) (i.e.
from 18.9 to 27.5% carbon of the initial mixtur@@aple 2). It is interesting to point out that

these results are similar to those found in otherkwising the emission of carbon dioxide to
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estimate the efficiency of the process (MartinearABb et al., 2010). However, from the point
of view of environmental impact, this carbon dioxid not considered as greenhouse gas, as
it comes from biogenic sources (Amlinger et alQ&0

Finally, a consumption of 13.9% of wet (total) neat(3577 Mg ¥}) was estimated in

the composting process (tunnel and curing phass#lidixg the final compost refining step.

3.1.4. Compost refining phase

Composted material was screened in a 10 mm mesimed The refining system
separates compost from the non-degraded bulkingt dgeused) and from the residual thin
inorganic material and plastic (refuse). Due to tektively low moisture content of the
organic material achieved during the curing phas® ¢f 604 + 4 g kg w.w., Table 1) a
considerable amount of compost dust was producé&éodf wet matter of the initial mixture;
according to the plant data). During the normahgieg operation of the facility the compost
dust was collected from the ground and rejecte@ ddmpost obtained contained 27.6% of
the initial mixture wet matter (specifically 842 Mg C y*, 89.8 Mg of Ny y* and 8.9 Mg of
P,Os 1) (Figure 2) and it was marketed and used in aljuie) since its metal content was
(in mg kg*, dry basis): Ni: 96.8; Cd: 0.4; Cr: 39.0; Hg: 0QY: 99.7; Zn: 158.4 and Pb: 66.4.
Some values (Ni, Cu and Pb) were slightly high tllhose recommended for Class A

Compost according to Spanish legislation.

3.2. Evolution of respiration indices
The values of DRk, AT, and ABR; are presented in Table 1 and are expressed on a
dry matter basis, to avoid the error related tovdgation of the organic matter content as the

biodegradation process occurs and because of #tertthn produced by the addition of a
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bulking agent during the composting phase (Baredral., 2005; Ponsa et al., 2008; Pognani
et al., 2010).

Regarding the biological process, the step whezdabile organic matter was mainly
consumed was the anaerobic digestion. A reductiord® and 85% for the initial mixture
calculated on DRk, and ABR; basis respectively was observed in this step. ddrebic
stabilization (Table 1) from digestate to compdsiveed a further decrease of 78% and 74%
on DRb4y and AT, basis, respectively. ABP also showed a reductio@1®6. These results
are similar to those found in other combined anaefaerobic municipal waste treatment
plants (Ponsa et al., 2008).

Regarding the overall efficiency of the facilityhet respirometric indices (and also
ABP3;) confirmed that a high level of stabilization washieved and showed a high efficiency
of the plant on this point. Thus, respiration irdi®btained for the raw OFMSW were high
(4.2 + 1.2 g G kg TS* h') (Table 1), as expected for an organic materich in labile
organic compounds, whereas the final compost walsstabilized and showed values (0.3
0.1 g Q kg TS* '} that were 91% lower than that the initial mixtuféis confirms the high
level of efficiency of this type of plants designied the treatment of the OFMSW. However,
it must be considered that these efficiency vallesiot consider the refuse produced in the
plant, which is around 32% of the total input madsus, anaerobic digestion input showed a
drop of the DR, (2.3+0.8 g @ kg™ TS H?) that highlights the losses of labile organic matt
during the pre-treatment step and the grinding gssc Anaerobic digestion process
determined a drop of 61% of respirometric acti{dRl.4n of 0.9+0.1 g @ kg* TS H'). The
composting step determined a further reductiomefi5% of DRl (0.4+0.2 g @ kg™ TS h
Y. Finally, the curing phase provoked a reductibBRI.4p, until reaching 0.2+0.1 g g«kg*

TS R,

14



However, it is necessary to take into account thatresults also indicate that the
refuse from the pre-treatment has a high biologactivity, which means that a large amount
of organic matter suitable to produce biogas anthpmst is lost. In fact, the DR}
determined in this refuse is 3.4 £ 1.1 (Table hly®@% less than initial mixture (3.5 1.4 g
0, kg TS* h!). Considering the high production of this typerefuse and its high biological
activity a post-treatment to stabilize the orgamatter or, alternatively, the technical
improvement of the pre-treatment step would prewventeduce the environmental adverse
effects that the direct landfilling of this refuew can cause (Araujo Morais et al., 2008).

In general, biological stability indices in theeweral forms (dynamic or cumulative,
aerobic or anaerobic), were strongly recommendednwthe overall efficiency of a waste
treatment plant had to be evaluated (Cossu and,RR8§8&8, Ponsa et al., 2008). However, the
content of TS and VS in each operation analysedidve carefully considered. Since both
indices (aerobic and anaerobic) presented a sireNatution through the plant, aerobic
respiration indices were preferable because ofahg time needed in the ABP test (Barrena

et al., 2009; Scaglia et al., 2010).

3.3. Nutrient flow (C, N, P.Os) and mass balance

Figure 2 shows the nutrient flows analyzed. Thennanounts of N; and BOs were
introduced in the facility by the OFMSW and onlyamminor part by the bulking agent (5.7%
of Nyt and 9.6% of fOs). Carbon was ignored because its contribution ovany cycles is
considered negligible.

The main output flows of nutrients detected were pine-treatment refuse flow, the
compost flow and biogas (carbon flow). The prettremnt refuse was constituted by 32.0% of
wet matter, 37.2% of C, 28.5% of,N\of and 16.7% of s of the initial mixture. These high

percentages of this rejected fraction were loseé biogas flow contained 38.7% of the initial
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carbon. The final compost (27.6% of initial mixtwet matter) contained 49.7% of the initial
Nt and 86.4% of the initial s but only 21.6% of the total carbon treated inftlity.

The global mass balance between total input angubof C, Ny, P.Os and wet matter
is reported in Table 2. The results showed thallth6% of C, the 18.4% ofiNand the 0.4%
of wet matter were not quantified in the balanckisThegative balance in C and N sources
could be attributed to the emission of £@nd NH during the composting stage. When
considering the estimated emissions of;NiHd CQ during the composting stage the results
showed that the carbon balance fluctuate from athegbalance of 0.2% (in the case of two
weeks composting process) to a positive balancé. %% (in case of three weeks). When
estimating the ammonia emissions during the conmmmpgtrocess a negative balance of
13.1% was estimated (Table 2). Also, denitrificatimay occur causing a loss of N in the
form of N, (Sommer and Dahl, 1999). Nevertheless, it candresidered that the level of
error detected is acceptable under the restricobtize study (Cadena et al., 2009b).

Regarding FOs, data showed a positive balance of 6.4% in thpuddtow. As seen in
Figure 2 and Table 1, there was an evidefisleoncentration in the final compost caused by
the reduction of organic matter consumed duringofbkogical steps of the process.

Finally it should be pointed out that the negatared positive values of the overall
balances of C, P, P.Os and wet matter may be also caused by inheremtwliff of sampling
in full-scale facilities. Unfortunately, we have rmewidences of other studies reporting a

complete balance of these elements in complexstidle waste treatment plants.

4. Conclusions
The methodology used to assess the mass balantesdiacility (express on wet
matter and total quantity of C,JNand BOs) has permitted to estimate the efficiency of the

entire process and each treatment step. Resuligeghihat a non-negligible part of the initial
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mixture wet matter was rejected and landfilled, chhwas specifically due to the inefficient
mechanical pre-treatment step (garbage bag-opemaehine and ballistic separator). The
stabilization of the organic fraction was fully &¥ed in the final compost (DR, of 0.31£0.1

g O, kg TS* h') was categorized as very stable compost. The abigedigestion step was
the main responsible of the reduction of the ihitodegradable matter, while the
composting process reduced moisture and stabilieedvaste. In the final compost (27.6% of
the initial wet matter) it could be found a halftbe initial No: and 86.4% of }0s. This high
content in nutrients and the high level of respratstability resulted in a high-quality

compost for agricultural use.
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Tables:

Table 1: Chemical and respirometric characterization aft@adamples.

Sample pH TS VS TOC N-NH3 TKN Niot P05 DRI o4, AT, ABP»;
(gkgww?)  (gkgTS!) (gkgTS") (gkgTS") (gkgTS") (gkgTS") (gkgTS') (gO,kgTS'h?) (gO,kgTS'h?) (NL kgTS?
OFMSW 53+0.6  285+37 787 £ 72 420 + 18 0.6+0.2 25 + 26 +2 1.37 £0.08 43+12 295 + 117 403+ 7
D'atg;‘r‘?ﬁeous 43+13 807 +80 539+210 330+131 not detectawt detected not detected  0.19 + 0.04 0.15+0.1 2+1 620 + 75
Bulking 6.4+0.1 713 +81 936 +3 334 +10 not detected + 18 8+1 0.70+0.01 not determined not determined not_
agent determined
Pretrrefeige”t 57+0.6  393+99 506 + 24 400 + 68 1.8+0.2 1B + 15+8 0.46 + 0.01 35+1.1 259 + 40 349 + 60
Refiningrefuse 8.7 +0.1 619 + 4 345 + 18 168 +6 3.0+0.1 14+2 16+1 2.05 + 0.03 0.3+0.1 12+3 22+5
COFn'q';"z‘lst 8.6 +0.1 604 + 4 397 + 17 197 + 27 2.9+0.8 1@+ 21+4 2.09 +0.04 0.3+0.1 23+11 26+9
Leachate 6.8 +0.3 50 + 24 497 + 67 288 £ 55 27.2+15.7 T2 51+28 1.03+0.01 not determined not deteethin detenrcr)rtﬂned

Abbreviations: OFMSW: organic fraction of municiallid waste; TS: Total Solids; VS: Volatile Solid®C: Total Organic Carbon; TKN: total
Kjeldahl nitrogen; Ny: Total nitrogen; ABP: anaerobic biogas potentidR|,4; dynamic respiration index (24 hours); ATumulative respiration

index (4 days).
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Table 2: Nutrients (C, N and RBOs) and wet matter (WM) mass balance. Bulking agerb@n was ignored in WM balance because its

contribution over many cycles is considered nebleyi

Estimated Balance (with
(,\I/Ing;-tl) ((E/lugtl[:;/ult) Emissiolns Ba(ll%ar;ce estimated emissions)
(Mgy") (%)

C 3901 3254 656 to 956 - 16.6 -0.2to+7.9
Niot 181 148 9.3 -184 -13.1
P,Os 10.3 11.0 / +6.4 /

WM 25700 25809 / +0.4 /

Abbreviations: C: carbon; ¢ total nitrogen; BOs: phosphorous; WM: wet matter.

24



Captionsto figures

Figure 1. Scheme of the waste treatment plant includingrbeerials flow and characterization. Values shoamespond to the characterization of
the input material to each step. Calculations aa€leron the basis of the treatment of 100 kg ofainmixture. Characterization of pre-treatment
refuse is also presented. Solid line correspondslid waste and dot line corresponds to liquidatrs. (*) Rain that falls into the plant perimeter

contributed to the generation of leachate. Abbtexia: OFMSW: organic fraction of municipal soligste; TS: total solid; VS: volatile solid.

Figure 2: Nutrient (C, Not and BOs) and wet matter flows in the studied plant durngear. Abbreviations: OFMSW: organic fraction afmrcipal

solid waste; WM: wet matter; C: carbongfNtotal nitrogen; BOs: phosphorous; WWTP: waste water treatment plant.
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